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Preface

The ICMR type 1 diabetes guidelines come at a time when the SARS-CoV-2 pandemic
has disproportionately affected people with diabetes population, exposing them to a
high risk for severe illness and mortality. Globally, diabetes was responsible for over four
million deaths in the year 2019. It was the leading cause of end-stage kidney disease,
adult-onset blindness and cardiovascular diseases. Further, there was a considerable
heterogeneity in the prevalence of complications and deaths associated with diabetes
across the countries.

India is home to world’s second largest adult diabetes population and every sixth person
with diabetes in the world is an Indian. The past three decades witnessed 150% increase
in the number of people with diabetes in the country. The growing prevalence of pre
diabetes indicates a further increase in diabetes in the near future. Diabetes, in India, has
traversed from high to the middle income and underprivileged sections of our society.
The first nationwide diabetes prevalence study (INDIAB), funded by the ICMR reported
a narrowing of urban rural difference in the burden of diabetes. A matter of immense
concern is the progressive lowering of age at which type 2 diabetes is presenting, with
an inflection in disease prevalence becoming apparent in the age group of 25-34 years
in both urban and rural areas.

Over one million children and adolescents in the world have type 1 diabetes, and recent
estimates from the International Diabetes Federation suggest that India has the highest
number of incident and prevalent cases of type 1 diabetes in the world. Individuals with
type 1 diabetes need support to survive, using insulin and other therapies, and to live
their entire life without stigma, restrictions, or disabling complications due to their illness.
Intensive management of all aspects of diabetes, especially glycemic control, is now the
gold standard in type 1 diabetes management. At the same time, there is significant
advancement in technology for diabetes care including newer insulin analogues, pumps,
automated insulin delivery systems and sensors. Further, a multidisciplinary team of
providers is essential for comprehensive diabetes management. This has considerably
increased the cost of diabetes care and made it exorbitant to a large section of people
with diabetes, even in countries with access to manpower and technology.

In India, there exists a considerable variability in the quality of diabetes care, which
depends upon various factors such as accessibility to services, affordability of drugs,
attitude and perceptions of care providers, lack of specialists and diabetes educators,
standardized laboratories and treatment guidelines. Although several international
guidelines are available for type 1 diabetes management, a context specific culturally
adaptive guideline that ensures affordable diabetes care is the need of the hour to inform
the diabetes care providers in low and middle income countries such as India.

The ICMR type 1 diabetes guidelines is a comprehensive document providing advice on
care of diabetes in children, adolescents and adults with type 1 diabetes. All chapters
in this guideline have been provided with formation to reflect advances in scientific
knowledge and clinical care that have occurred in the recent past. ICMR is committed
to update this document periodically to inform clinicians and diabetes care providers on
future advances in type 1 diabetes care.







Chapter-1

Epidemiology, Diagnosis and Guide for
Ditferential Diagnosis

Dr. Yashdeep Gupta, Dr. Nikhil Tandon

Definition and diagnosis

Type 1 Diabetes mellitus (T1DM) is an autoimmune disease characterized by insulin
deficiency and hyperglycemia in people with underlying genetic susceptibility’?. The
diagnosis is established based on the tests, fasting plasma glucose (FPG), oral glucose
tolerance test (OGTT), glycated hemoglobin (HbAlc) or random plasma glucose (along
with characteristic signs and symptoms of hyperglycemia), using cut-offs recommended
by American Diabetes Association'®

Epidemiology of TIDM

There are nearly 1.1 million people below 20 years of age estimated to be affected by T1IDM
globally and 0.13 million are diagnosed with the disease each year, as per the International
Diabetes Federation (IDF) Atlas, 9t edition®. A recent study found an incidence of 4.9
cases/100000/year in India, which is much lower than the incidence of 21.2 cases/100,000/
year observed in the SEARCH registry of USA®. The peak incidence for TIDM is seen
between 10-14 years of age, though it can affect an individual at any age®.

Pathogenesis of T1IDM

Genetic factors play a significant role in the etiology of TIDM. The concordance rate in
monozygotic twins is around 30%78. The risk of TIDM is 3%, 5%, and 8%, respectively,
when mother, father, and sibling have T1DM°. The HLA haplotypes with a strong
association with T1IDM are DR3-DQ2 and DR4-DQ8, present in 30-40% patients with
T1DM compared with 2.4% in the general population'®!!, There are more than 50 non-
HLA loci, which increases the susceptibility for TIDM, though the association is weaker
than for the HLA region'®’. The identified genes play a significant role in immune function
or pancreatic B-cell function. Though the environmental risk factors have been proposed
in the etiopathogenesis of T1DM, understanding is still low. The factors with the most
substantial evidence include enteroviral infections, older maternal age, rapid weight gain
in early life, and B-cell stress'.

Natural history of disease evolution

In a genetically susceptible individual, TIDM is preceded by the autoimmunity phase
without clinical diabetes. A joint statement from professional organizations proposed
a staging classification system that defines the early stages of TIDM with prognostic
significance!®. The recommended classification is mainly for research rather than for
clinical practice.

]
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Staging

The various stages are defined as followsis:

i)  Stage 1 (pre-symptomatic): Presence of B-cell autoimmunity with normoglycemia. This
stage is evident by the presence of two or more islet cell autoantibodies.

ii) Stage 2 (pre-symptomatic): B-cell autoimmunity is present along with dysglycemia.

iii) Stage 3 is the onset of symptomatic disease.

A study found that in children with two or more islet autoantibodies, 43.5%, 69.7%, and
84.2% developed symptomatic type 1 diabetes at 5, 10, and 15 years of follow- up'“. TIDM
occurred in 12.7%, 61.6%, and 79.1% of children with a single, two, and three autoantibodies,
respectively, after 15 years of follow-up. The progression was faster in those who developed
autoantibodies at less than three years of age and had HLA DR3- DQ2/DR4-DQS8
genotype!. The magnitude of the autoimmunity titer, the autoantibody’s affinity, and the
type of autoantibody also determine the rates of progression®. Higher titers of insulin and
IA-2 autoantibodies are associated with earlier onset of disease. The presence of IA-2 or
ZnT8 autoantibodies is associated with faster progression to TIDM'". The two and five year
risk for T1IDM is approximately 60% and 75%, respectively, for those who have reached stage
2 (prediabetes)®. The B-cell function is reduced at presentation and shows partial recovery
with control of hyperglycemia. Patients may go in a so-called honeymoon period after
diagnosis and may have minimal or no exogenous insulin requirement. However, residual
cells are subsequently lost. The beta-cell damage may not be complete in certain individuals.
With sensitive C-peptide measurements, 30-80% of people with long-term T1DM are insulin
micro-secretors’.

Classification of diabetes

World Health Organization came out with a recent classification system in 2019. The WHO
2019 classification system has removed the subtypes for TIDM and T2DM. A new entity
called ‘hybrid forms of diabetes’ is introduced, including a) slowly evolving immune-mediated
diabetes of adults and b) ketosis-prone type 2 diabetes. WHO has also introduced a category
called ‘unclassified diabetes’ which is a temporary label, when it is difficult to make a precise
diagnosis regarding the type of diabetes, especially close to the time of diagnosis. ‘Diabetes
mellitus in Pregnancy’ is included as a distinct entity, and ‘Gestational Diabetes Mellitus’ is
placed under ‘Hyperglycemia first detected during pregnancy’®.

Spectrum of T1IDM

T1DM is associated with autoantibodies in 70-90% of the individuals with the disease. In
the classification system of the American Diabetes Association, this entity is called immune-
mediated T1IDM. T1DM without evidence of autoimmunity is known as idiopathic TIDM3.
In 2019, WHO removed these subtypes, as insulin need is determined clinically rather than
based on autoimmunity.

T1DM can have variable presentations'’?!. Children often present acutely, with severe
symptoms of polyuria, polydipsia, and ketonemia, and approximately a third of them present
with diabetic ketoacidosis (DKA). Older children may have a hyperacute presentation so-
called fulminant TIDM. In them, autoimmunity is absent, and there is a complete loss of
beta-cell function. Japan and Korea have predominantly reported cases of fulminant TIDM.
Adults usually present with a more gradual onset, and the initial clinical presentation may
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appear consistent with type 2 diabetes mellitus (T2DM). However, they may have an acute
presentation similar to children. The reasons for different clinical presentations seen in children
and adults may be due to the more severe nature of the disease in childhood TIDM and less
frequent blood testing for unrelated indications. WHO has renamed ‘Latent autoimmune
diabetes in adults’ (LADA) as ‘slowly evolving immune-mediated diabetes of adults’ in their
new classification. It is characterized by presence of islet antibody (predominantly GAD65),
in individual older than 35 years at diagnosis, and with no insulin requirement for the first
6-12 months after diagnosis. The individuals retain greater beta-cell function and have
higher chances of having metabolic syndrome features than individuals with TIDM'022, We
have tabulated the salient differences between T1DM and slowly evolving immune-mediated
diabetes of adults in Table 1.

Table I: Comparison of features between slowly evolving immune-mediated diabetes
of adults and Type 1 Diabetes mellitus

Characteristic T1DM Slowly evolving immune- mediated
diabetes of adults
Age at diagnosis Childhood to adolescence, rarely in| > 35 years
adulthood
Body mass index Underweight to normal Normal to overweight
Onset Acute Rarely acute
Autoimmunity Severely increased Increased
Ketosis Frequent Rare
Insulin dependence At onset > 6 months after onset
Insulin resistance No change Increased or no change

Abbreviation: TIDM-Type 1 diabetes mellitus
Differentiation from other types of diabetes

Theage group of 20-40 years has the highest heterogeneity and is at risk of misclassification?s.
In this regard, the category of ‘unclassified diabetes’ in the new WHO 2019 classification
is a significant addition. The precise label for a type of diabetes can be given at a later
stage, once the diagnosis is clear. T2DM and monogenic diabetes are two common entities
from which T1DM needs to be differentiated. The other forms of diabetes seen in the
younger age group and from which T1DM needs to be differentiated upon include neonatal
diabetes, mitochondrial diabetes, and fibrocalculous pancreatic diabetes (FCPD). There is
a vast list of conditions that can give rise to or are associated with diabetes. Diabetes
can be seen in context to diseases of the exocrine pancreas, endocrinopathies, infections,
and drugs. It may also result in the context of other genetic syndromes or due to genetic
defects in insulin action. Given their rarity in youth, these conditions are not discussed in
detail but are essential to recognize, as they may be the first clue to underlying syndrome
or disease’.

Differentiation from T2DM

T2DM has emerged as a new type of diabetes in childhood due to an increase in obesity?%.
The incidence and prevalence of youth onset T2DM are increasing. In the Registry of
people with diabetes with young age at onset (YDR) from India, 25.3% of individuals
developing diabetes under the age of 25 years had a diagnosis of T2DM?%. Dabelea et
al. provided an etiologic approach for the classification of recently diagnosed diabetes
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in youth less than 20 years®. They described four categories using autoimmunity
and insulin sensitivity (IS). Most individuals (54.5%) had autoimmune markers and
were insulin sensitive. This group had characteristics of TIDM. There were 15.9% of
individuals who did not have autoimmunity and were insulin resistant. This group had
characteristics of T2DM. The third group (19.5%), who had autoimmunity and were
insulin resistant had similar prevalence and titers of diabetes autoantibodies, and
distribution of HLA risk genotypes to those in the autoimmune plus insulin sensitive
group. This suggests that it includes individuals with TIDM who are obese. The last
group classified as nonautoimmune plus IS (10.1%) may include those with monogenic
diabetes. Nearly 50% of insulin-sensitive individuals had diabetes onset before the age
of ten years, compared to 5 to 11% for insulin-resistant individuals. The mean age
of diabetes onset reported in YDR is 10.5 years for TIDM and 16.5 of T2DM. There
were 15.7%, 30.7%, 32.7% and 20.9% individuals with T1DM in age groups 0-4, 5-9,
10-14 and 15-19 years. The corresponding figures for T2DM were zero, 4.4%, 25.6%,
and 70%. The individuals with TIDM who were overweight/obese in YDR were 11.9%
compared to 58.2% with T2DM?¢. DKA at diagnosis was present in 28.7% of individuals
with TIDM and 6.6% with T2DM?%. There were 30.6% of individuals with T2DM who
were on insulin alone or in combination with oral glucose-lowering drugs in YDRZ%,
These data suggest that discriminating T1IDM from T2DM on isolated features based
on the age of onset, overweight/obesity, autoantibody positivity, insulin requirement, or
presentation with ketoacidosis is difficult?®. The initial differentiation between T1DM and
T2DM requires considering multiple factors rather than relying on a single parameter.
It is relatively easy to make a diagnosis of TIDM for a patient who is younger than ten
years, is normal weight, has evidence of autoimmunity, and presents with DKAZ3. Key
features are tabulated that may help in differentiating between T1DM and T2DM in
Table II.

Differentiation from Maturity Onset Diabetes in the Young (MODY)

MODY is due to a single gene defect resulting in compromised insulin secretion?*-3., The
mutations in the genes encoding the enzyme glucokinase (GCK), the nuclear transcription
factors hepatocyte nuclear factor la (HNF1A), and hepatocyte nuclear factor 4a (HNF4A)
are the most common causes of MODY 30. There are more than ten different types of MODY
described so far. It should be considered in a patient without obesity, who develops diabetes
before 25 years of age and has two or three generations of diabetes in the family?33031,
MODY’s other features are insulin independence (although insulin may be needed for optimal
control), absence of features of insulin resistance, and absence of B cell autoimmunity.

Patients with MODY may be misdiagnosed as TIDM or T2DM. The diagnosis may be
revised in those who show persistent C peptide production, low insulin dose (<0.5 units/kg/
day), and with no tendency for DKA on insulin omission, especially three to five years after
diagnosis of apparent TIDM3L Patients with T2DM who are less than 45 years, and who do
not have features of insulin resistance (acanthosis nigricans, central obesity, hypertension,
and dyslipidemia) may have MODY®. Genetic testing can help in the precise diagnosis of
MODY. There is a 50% probability for a first degree relative to have the genetic mutation
and 95% probability of getting the disease in those having the genetic mutation.

Neonatal Diabetes Mellitus

The term neonatal diabetes is used for cases presenting with diabetes within the first six
months of life. Full-term infants usually present around six weeks of age. Preterm infants
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Table II: Differential diagnosis between Youth onset T1DM, T2DM and MODY

Key features T2DM T1DM MODY
Age at diagnosis Rarely younger than Peak in presentation | Younger than 25 years
10 years occur between 5-7 years
of age and at or near
puberty
Causes and genetic | Obesity;  genetic  and | Autoimmune; genetic | Autosomal ~ dominant:
factors ethnic predisposition predisposition {HLA and | HNF1A, HNF4A, GCK
other genes)} are predominantly
affected genes
Body mass index Usually overweight / Lean or weight loss at|Lean or weight loss at
obese at onset diagnosis diagnosis
Associated features | Acanthosis nigricans, Thyroid autoimmunity; | No such features as seen
polycystic ovarian coeliac disease in TIDM or T2DM are
syndrome, hypertension, associated with MODY
hyperlipidemia, fatty liver
disease
Diabetic Yes; 5-10% Yes; about 25% No
ketoacidosis at
presentation
Family history Strong family history An individual presenting | Strong family history
without a first degree with autosomal
relative is generally dominant inheritance
suggestive of TIDM
Insulin deficiency Mild to moderate Severe Moderate
Insulin resistance Moderate to severe None or mild None or mild

Abbreviations: TIDM-Type 1 diabetes mellitus, T2DM- Type 2 diabetes mellitus, MODY-Maturity onset diabetes
of the young , HLA-human leukocyte antigen, HNF1A-Hepatocyte nuclear factor 1-Alpha, HNF4A-Hepatocyte
nuclear factor 4-Alpha, GCK-Glucokinase

can present around one week of age®23. Neonatal diabetes mellitus (NDM) occurs in
approximately 1 in 90,000 to 160,000 live births. There are more than 20 known genetic
causes for NDM32. Mutation in KCNJ11, INS and ABCCS8 accounts for more than 50% of
NDM?23, NDM can be transient or permanent and can be isolated or part of a syndromic
presentation. The data of 11 infants reported by Jain et al. found permanent neonatal
diabetes in eight infants34.

When should neonatal diabetes be suspected?

There may be stress hyperglycemia in neonates, especially in those who are premature or
had very low birth weight. Therefore, consider neonatal diabetes (and genetic testing) in
cases®

- With persistent hyperglycemia (glucose > 250 mg/dl) without an alternative
explanation.

- When true serum glucose levels exceed 300 mg/dl, regardless of the time course.
- Requiring insulin before 6 to 12 months of age.

Why is it crucial to differentiate neonatal diabetes from T1IDM?

Differentiating neonatal diabetes from T1DM is helpful, as individuals with mutations in
KCNJ11 and ABCCS8 may be treated with oral sulfonylureas. They account for about 40%
of these patients®?®3, In a large genetic screening study from India, 12 mutations were

L5
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identified (seven in ABCCS, three in KCNJ11, and two in the INS gene) in 33 neonatal
diabetes cases. This study also reported some novel mutations. The patients carrying the
KCNJ11 (Cys42Arg, Arg201Cys) and ABCCS8 (Val86Ala, Asp212Tyr) were successfully
treated with sulfonylurea®. Early sulfonylurea treatment in responsive patients, in contrast
to insulin, may improve neurodevelopmental outcomes, quality of life, is safer, and also
more effective in achieving good glycemic control. Another Indian study has reported
the mechanism behind the effectiveness of sulfonylurea®. Early diagnosis helps explain
additional clinical features in syndromic forms, and guide appropriate management for
patients. The proportion of monogenic diabetes was 85% in infantile-onset diabetes (n=40)
if onset was in the first half of infancy and 55% if it was in the second half of infancy®’.
Genetic testing for NDM is suggested for all cases of diabetes diagnosed in infancy. Wolcott-
Rallison syndrome (WRS) is recognized as the most frequent cause of neonatal diabetes in
children with consanguineous parents, and the mutations in the EIF2ZAK3 gene should be
studied®. For patients presenting between 6 and 12 months of life, antibodies for TIDM
should be tested?2%,

Fibrocalculous Pancreatic Diabetes (FCPD)

Fibrocalculous pancreatic diabetes is due to idiopathic non-alcoholic chronic pancreatitis
characterized by recurrent bouts of abdominal pain, steatorrhoea, and pancreatic calcification®.
The pancreatic calculi develop late in the disease course. It is reported predominantly from
tropical countries in a lean adolescent or young adult of either sex. The diagnostic criteria
for FCPD are listed in Table III.

Table III: Diagnostic criteria for Fibrocalculous Pancreatic Diabetes®®

1.  The patient should be from a tropical country.
2. Diabetes should be present.

3. Evidence of chronic pancreatitis must be present—pancreatic calculi on abdominal X-ray or
at least three of the following

. Abnormal pancreatic morphology on sonography/CT scan
J Recurrent abdominal pain since childhood

. Steatorrhoea

J Abnormal pancreatic function test

4.  Absence of other causes of chronic pancreatitis.

Abbreviation: CT scan-Computerized tomography scan

The salient features which may help in differentiating it from youth onset TIDM are
presented in Table IV.

Kerala and Tamil Nadu have reported most of the cases in India. Malnutrition and low
socioeconomic status are thought to be major predisposing factors, and with improvements
in socioeconomic status and nutrition, the prevalence of FPCD has decreased from 1.6%

(1991-95) to 0.2% during the years 2006-2010,

The patients require multiple doses of insulin for control of glycemia, and management
can still be challenging. Despite hyperglycemia, ketosis rarely develops. The reasons for
this could be: a) enough endogenous insulin to prevent ketogenesis, but not hyperglycemia,
b) decreased glucagon reserve, and c) reduced availability of non-esterified fatty acids
(substrate for ketogenesis), due to lack of subcutaneous fat.
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Table IV: Differential diagnosis between Youth onset TIDM and
Fibrocalculous pancreatic diabetes (FCPD)

Key features

FCPD

Type 1 diabetes

Age at diagnosis

Most patients are diagnosed between
age of 10 to 30 years.

Peak in presentation occur
between 10-14 years of age and
at or near puberty.

Clinical presentation

While some patients present with
the classical symptoms of polyuria,
polydipsia and polyphagia, most
are asymptomatic and are detected
incidentally.

Presentation is usually acute
with the classical symptoms
of polyuria, polydipsia and
polyphagia or even with DKA.

Geographical variation

Reported predominantly from Kerala
and Tamil Nadu.

Reported through India

Causes and genetic factors

Exact etiology remains elusive.
Malnutrition, chronic consumption of
cassava, deficiency of trace elements/
antioxidants, certain genetic factors
have been implicated.

Autoimmune; genetic
predisposition {HLA and other
genes}

members of the same family, which
may reflect shared environmental risk
factors .

Body mass index Most patients are lean, some are of Lean or weight loss at
normal weight and few may be obese. | diagnosis.

Associated features Abdominal pain, Steatorrhoea Physical | Thyroid autoimmunity;
examination may reveal bilateral|coeliac disease
parotid enlargement and abdominal
distension.

Diabetic ketoacidosis at | They are usually ketosis resistant. Yes; about 25%

presentation

Family history FCPD occasionally occurs in different| An  individual  presenting

without a first degree relative is
generally suggestive of TIDM.

Insulin requirement

Require insulin for control of glycaemia
right from time of diagnosis. May
require insulin for prevention of DKA
in latter stage.

Require insulin for control of
glycaemia and prevention of
DKA.

Insulin resistance

Moderate to severe

None or mild

Abbreviations: TIDM-Type 1 diabetes mellitus, FCPD-Fibrocalculous pancreatic diabetes, DKA-Diabetic ketoacidosis,

HLA-Human leukocyte antigen

Mitochondrial Diabetes

Mitochondrial diabetes is also known as maternally inherited diabetes and deafness. It is a
monogenic form of diabetes, as are MODY and NDM®*.. The average age of onset is between
35 and 40 years, in contrast to TIDM or other monogenic forms of diabetes that usually
present much earlier. It can present like TIDM or T2DM. Initially, patients with phenotypes
like T2DM can be treated by diet or sulfonylurea*'. Metformin should not be prescribed due
to the risk of lactic acidosis. Most patients will require insulin treatment due to progressive

insulinopenia.

[t should be suspected where there is robust familial clustering of diabetes, the characteristic
also seen with MODY. However, in mitochondrial diabetes, there is a maternal transmission




Guidelines for Management of Type 1 Diabetes

and a bilateral hearing impairment in most of the carriers. The precise diagnosis can be
established by genetic analysis. A range of mutations in mitochondrial DNA (mtDNA) has
been implicated. However, in many patients, it is associated with A3243G mutation in
mtDNA%L

Summary

Type 1 Diabetes mellitus (TIDM) is an autoimmune disease characterized by insulin deficiency
and hyperglycemia in people with underlying genetic susceptibility. The incidence of TIDM
in India is 4.9 cases/100000/year. The peak incidence for TIDM is seen between 10-14
years of age, though it can affect an individual at any age. Genetic factors play a significant
role in the etiology of TIDM. The risk of TIDM is 3%, 5%, and 8%, respectively, when
mother, father, and sibling have TIDM®. The HLA haplotypes with a strong association
with T1IDM are DR3-DQ2 and DR4-DQ8, present in 30-40% patients with TIDM than
24% in the general population. There are more than 50 non-HLA loci, which increases
the susceptibility for TIDM, though the association is weak than the HLA region. TIDM
is associated with autoantibodies in 70-90% of the individuals with the disease. TIDM can
have variable presentations!’-2. Children often present acutely, and adults usually present
with a more gradual onset. World Health Organization proposed a recent classification
system of diabetes in 2019. The WHO 2019 classification system has removed the previous
subtypes for TIDM and T2DM. A new entity called ‘hybrid forms of diabetes’ is introduced,
including a) slowly evolving immune-mediated diabetes of adults and b) ketosis-prone type
2 diabetes. TIDM needs differentiation from other forms of diabetes seen in a younger
age group. The age group of 20-40 years has the highest heterogeneity and is at risk of
misclassification. WHO has also introduced a category called ‘unclassified diabetes’ which
is a temporary label, when it is difficult to make a precise diagnosis regarding the type of
diabetes, especially close to the time of diagnosis.

References
1.  DiMeglio LA, Evans-Molina C, Oram RA. Type 1 diabetes. Lancet 2018; 391:2449-2462.
2. Atkinson MA, Eisenbarth GS, Michels AW. Type 1 diabetes. Lancet. 2014; 383:69-82.

3. American Diabetes Association. Classification and diagnosis of diabetes: standards of medical care in
diabetes-2018. Diabetes Care 2018; 41 (suppl 1): S13-27.

4. IDF_Atlas 9th Edition 2019.pdf [Internet] [cited 2020 Apr 14] Available from: https://www.
diabetesatlas.org/upload/resources/2019/IDF _Atlas_9th_Edition_2019.pdf

5. Jensen ET, Dabelea DA, Praveen PA, Amutha A, Hockett CW, Isom SP, et al. Comparison of the
incidence of diabetes in United States and Indian youth: An international harmonization of youth
diabetes registries. Pediatr Diabetes 2020 Mar 20; doi: 10.1111/pedi.13009. Online ahead of print.

6. llonen J, Lempainen J, Veijola R. The heterogeneous pathogenesis of type 1 diabetes mellitus. Nat Rev
Endocrinol 2019;15:635-50.

7. Katsarou A, Gudbjérnsdottir S, Rawshani A, Dabelea D, Bonifacio E, Anderson BJ, et al. Type 1 diabetes
mellitus. Nat Rev Dis Primers 2017;3:17016.

8. Redondo MJ, Jeffrey J, Fain PR, Eisenbarth GS, Orban T. Concordance for islet autoimmunity among
monozygotic twins. N Engl J Med 2008;359:2849-50.

9. Regnell SE, Lernmark A. Early prediction of autoimmune (type 1) diabetes. Diabetologia 2017; 60:1370-
1381

10. Rewers M, Bugawan TL, Norris JM, Blair A, Beaty B, Hoffman M, et al. Newborn screening for HLA
markers associated with IDDM: diabetes autoimmunity study in the young (DAISY). Diabetologia
1996,39:807-12.



11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Epidemiology, Diagnosis and Guide for Differential Diagnosis

Rewers A, Babu S, Wang TB, Bugawan TL, Barriga K, Eisenbarth GS, et al. Ethnic differences in
the associations between the HLA-DRB1*04 subtypes and type 1 diabetes. Ann N Y Acad Sci
2003;1005:301-9.

The Lancet. Towards a better understanding of type 1 diabetes. Lancet 2016,387:2264.

Insel RA, Dunne JL, Atkinson MA, Chiang JL, Dabelea D, Gottlieb PA, et al. Staging presymptomatic
type 1 diabetes: a scientific statement of JDRF, the Endocrine Society, and the American Diabetes
Association.Diabetes Care 2015;38:1964-74.

Ziegler AG, Rewers M, Simell O, Simell T, Lempainen J, Steck A, et al. Seroconversion to multiple islet
autoantibodies and risk of progression to diabetes in children. JAMA 2013;309:2473-9.

De Grijse J, Asanghanwa M, Nouthe B,Albrecher N, Goubert P, Vermeulen I, et al. Belgian Diabetes
Registry. Predictive power of screening for antibodies against insulinoma associated protein 2 beta (IA-
2beta) and zinc transporter-8 to select first-degree relatives of type 1 diabetic patients with risk of rapid
progression to clinical onset of the disease: implications for prevention trials. Diabetologia 2010;53:
517-524.

Classification of diabetes mellitus [Internet]. [cited 2020 Apr 14]. Available from: https:;// www.who.int/
publications-detail/classification-of-diabetes-mellitus.

Merger SR, Leslie RD, Boehm BO. The broad clinical phenotype of Type 1 diabetes at presentation.
Diabet Med 2013;30:170-8.

Chiang JL, Kirkman MS, Laffel LM, Peters AL; Type 1 Diabetes Sourcebook Authors. Type 1 diabetes
through the life span: a position statement of the American Diabetes Association. Diabetes Care 2014;
37:2034-54.

Unnikrishnan R, Shah VN, Mohan V. Challenges in diagnosis and management of diabetes in the
young. Clin Diabetes Endocrinol 2016;2:18.

Park Y, Wintergerst KA, Zhou Z. Clinical heterogeneity of type 1 diabetes (T1D) found in Asia. Diabetes
Metab Res Rev 2017;33.

Imagawa A, Hanafusa T, Miyagawa J, Matsuzawa Y. A novel subtype of type 1 diabetes mellitus
characterized by a rapid onset and an absence of diabetes-related antibodies. Osaka IDDM Study
Group. N Engl J Med. 2000,342:301-7.

Buzzetti R, Zampetti S, Maddaloni E. Adult-onset autoimmune diabetes: current knowledge and
implications for management.Nat Rev Endocrinol 2017;13:674-686.

Tuomi T, Santoro N, Caprio S, Cai M, Weng J, Groop L. The many faces of diabetes: a disease with
increasing heterogeneity. Lancet 2014;383:1084-94.

Praveen PA, Madhu SV, Mohan V, Das S, Kakati S, Shah N, et al. Registry of Youth Onset Diabetes in
India (YDR): Rationale, Recruitment, and Current Status. J Diabetes Sci Technol 2016;10:1034-41.

Dabelea D, Pihoker C, Talton JW, D’Agostino RB Jr, Fujimoto W, Klingensmith GJ, et al. Etiological
approach to characterization of diabetes type: the SEARCH for Diabetes in Youth Study. Diabetes Care
2011;34:1628-33.

Hockett CW, Praveen PA, Ong TC, Amutha A, Isom SP, Jensen ET, et al. Clinical profile at diagnosis
with youth-onset type 1 and type 2 diabetes in two pediatric diabetes registries: SEARCH (United
States) and YDR (India). Pediatr Diabetes. 2020 Jan 17. doi: 10.1111/pedi.12981. Online ahead of
print.

Praveen PA, Hockett CW, Ong TC, Amutha A, Isom SP, Jensen ET, et al. Diabetic ketoacidosis at
diagnosis among youth with type 1 and type 2 diabetes: Results from SEARCH (United States) and
YDR (India) registries. Pediatr Diabetes. 2020 Jan 14. doi: 10.1111/pedi.12979. Online ahead of print.

Amutha A, Praveen PA, Hockett CW, Ong TC, Jensen ET, Isom SP, et al. Treatment regimens and
glycosylated hemoglobin levels in youth with Type 1 and Type 2 diabetes: Data from SEARCH (United
States) and YDR (India) registries. Pediatr Diabetes. 2020 Mar 5. doi: 10.1111/ pedil3004. Online
ahead of print.




y IcmR

nnnnnnnnnnn

Guidelines for Management of Type 1 Diabetes

29. Barrett TG. Differential diagnosis of type 1 diabetes: which genetic syndromes need to be considered?
Pediatr Diabetes. 2007 Oct; 8 Suppl 6:15-23.

30. Thanabalasingham G, Owen KR. Diagnosis and management of maturity onset diabetes of the young
(MODY). BMJ 2011;343:d6044.

31. Naylor R, Philipson LH. Who should have genetic testing for maturity-onset diabetes of the young?
Clin Endocrinol (Oxf) 2011;75:422-6.

32. Lemelman MB, Letourneau L, Greeley SAW. Neonatal Diabetes Mellitus: An Update on Diagnosis and
Management. Clin Perinatol 2018;45:41-59.

33. Rubio-Cabezas O, Klupa T, Malecki MT; CEED3 Consortium. Permanent neonatal diabetes mellitus--
the importance of diabetes differential diagnosis in neonates and infants. Eur J Clin Invest 2011;41:323-
33.

34. Jain V, Satapathy A, Yadav J, Sharma R, Radha V, Mohan V, et al. Clinical and Molecular
Characterization of Children with Neonatal Diabetes Mellitus at a Tertiary Care Center in Northern
India. Indian Pediatr 2017;54:467-471.

35. Jahnavi S, Poovazhagi V, Mohan V, Bodhini D, Raghupathy P, Amutha A, et al. Clinical and molecular
characterization of neonatal diabetes and monogenic syndromic diabetes in Asian Indian children.
Clin Genet 2013;83:439-45.

36. Balamurugan K, Kavitha B, Yang Z, Mohan V, Radha V, Shyng SL. Functional characterization of
activating mutations in the sulfonylurea receptor 1 (ABCCS8) causing neonatal diabetes mellitus in
Asian Indian children. Pediatr Diabetes 2019;20:397-407.

37. Varadarajan P, Sangaralingam T, Senniappan S, Jahnavi S, Radha V, Mohan V. Clinical profile and
outcome of infantile onset diabetes mellitus in southern India. Indian Pediatr 2013;50:759-63.

38. Jahnavi S, Poovazhagi V, Kanthimathi S, Gayathri V, Mohan V, Radha V. EIF2AK3 mutations in
South Indian children with permanent neonatal diabetes mellitus associated with Wolcott- Rallison
syndrome. Pediatr Diabetes 2014;15:313-8.

39. Unnikrishnan R, Mohan V. Fibrocalculous pancreatic diabetes (FCPD). Acta Diabetol 2015;52:1- 9.

40. Papita R, Nazir A, Anbalagan VP, Anjana RM, Pitchumoni C, Chari S, et al. Secular trends of
fibrocalculous pancreatic diabetes and diabetes secondary to alcoholic chronic pancreatitis at a
tertiary care diabetes centre in South India. JOP 2012;13:205-9.

41. Maassen JA, ‘T Hart LM, Van Essen E, Heine RJ, Nijpels G, Jahangir Tafrechi RS, et al. Mitochondrial
diabetes: molecular mechanisms and clinical presentation. Diabetes 2004;53 Suppl 1:5103-9.



Chapter-2

Lifestyle-Diet and Exercise

Dr. Vijayasarathi HA, Dr. C.S. Yajnik

Introduction

Lifestyle management (LSM) plays an essential role in managing type 1 diabetes mellitus
(T1IDM). Understanding the effect of diet and physical activity on glycemia is essential for
optimal management of TIDM.

Aims of Nutritional Management

1) Maintain glycemia in the normal to the near-normal range with minimal/no
hypoglycemia.

2) Maintain optimal blood pressure, weight, and lipid levels.

3) Ensure adequate nutrition to facilitate healthy growth and development in children and
adolescents.

4) To prevent the development or progression of diabetes-related microvascular and
macrovascular complications.

5) Address individual nutrition needs, incorporating personal, social, and cultural
preferences.
6) Improve overall health through appropriate food choices.

Concepts of energy and proximate principles of diet

Individualize the diet plan for each patient with diabetes, considering his/her socio-cultural
environment, food habits, preferences, and work schedule to facilitate proper compliance.
The energy requirement for children and adults with TIDM (Table 1) is similar to the
general population. Consider reduction in the caloric intake for obese and overweight
individuals.

Table I: Nutritional recommendations for individuals with T1DM

e  Carbohydrate: 50-55%
Sucrose intake < 10%

e Fat 25-35%
Saturated fat + trans fatty acids: < 10% Trans fatty acids < 1%
Polyunsaturated fat: < 10% Monounsaturated fat: 10-20%

e Protein 15-20%

Abbreviations: TIDM-Type 1 diabetes mellitus
Carbohydrates

The recommended carbohydrate intake is 50-55% of total calories. Too much carbohydrate
restriction may hamper growth in children and adolescents and hence, should be
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discouragedl. Even in adults, ensure a minimum of 130 g of carbohydrate per day to
provide sufficient glucose as fuel for the brain. The effects of carbohydrate restriction
below 130 g/day are not clear. In pregnancy, the minimum recommended carbohydrate
intake is 175 g/day®. However, in the Indian Subcontinent, approximately two-third
of calories are obtained from carbohydrates in individuals with diabetes, which is higher
than the recommended amount®. Hence, it is essential in Indians with diabetes to monitor
carbohydrate intake and reduce if possible.

Moreover, Indian (especially South-Indian and East-Indian) diets are rich in simple
carbohydrates. The intake of complex carbohydrates should be encouraged to constitute
at least 70% of the total carbohydrates. The use of sucrose should be limited to less than
10%, and preferably less than 5% of total calories. Although sugar is not much different
from isocaloric amounts of starch for glycemic excursions, consuming high amounts of
sugar in sugary drinks may not be adequately covered with insulin, and hence, should
be avoided. Healthy sources of carbohydrate foods include wholegrain bread and cereals/
millets, lequmes (peas, beans, and lentils), fruits, vegetables, and low-fat dairy products. With
a reduction in the intake of carbohydrate components in the diet, the intake of fat increases.
In this situation, execute caution to ensure the consumption of good quality fat.

Fiber

Dietary fiber is a non-digestible complex carbohydrate derived from foods of plant origin.
The recommended dietary fiber intake for children > one year of age is 14 g per 1000
kcal. Another way of calculating the daily dietary fiber requirement in children over two
years is ‘Age in years + 5 g. Encourage consumption of foods such as legumes, fruits,
vegetables, and wholegrain cereals to ensure adequate fiber intake. Higher fiber foods
may help to improve satiety and replace more energy-dense foods. Soluble fiber helps
moderate postprandial blood glucose levels and lower serum cholesterol levels to prevent
cardiovascular disease. Good sources of soluble fiber include oats and oatmeal, legumes
(peas, beans, lentils), barley, fruits, and vegetables (especially oranges, apples and carrots).
Insoluble fiber also offers several benefits to intestinal health, including a reduction in
the risk of hemorrhoids and constipation. Most of the insoluble fibers come from the
bran layers of cereal grains. It is good to increase fibers gradually to avoid bloating and
discomfort.

Fat

Recommended daily intake for fats is up to 30% of total calories. Infants and children
younger than two years of age may have a higher daily fat intake of up to 35%. Dietary fats
are of two kinds: visible fats, like that in cooking medium or invisible fat, which is inherently
present in the foods. Take into consideration the calorie consumption of both these fats.
Excess consumption of saturated fats and cholesterol increases serum LDL cholesterol
associated with increased cardiovascular disease risk. Hence, the daily intake of saturated
fats should be limited to less than 10% of the total calories and dietary cholesterol to less
than 300 mg/day. In patients with raised LDL cholesterol, restrict the daily saturated fat
intake to below 7% of total calories and cholesterol intake to less than 200 mg/ day. The
common foods rich in saturated fats and cholesterol include egg yolk, ham, bacon, red meats,
whole milk, cheese, butter, ghee, cream, and cream-based desserts, vanaspati, coconut oil,
palm oil and it is best to limit their consumption. The right options for low cholesterol
and low saturated fat foods are fish, lean chicken, low-fat milk and curd, low-fat cheese,
buttermilk, and cooking oils rich in healthy fatty acids.
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Unsaturated fatty acids are essential components of lipid membranes and comprise
polyunsaturated and monounsaturated fatty acids. They are derived mainly from plant
and vegetable sources. These fats have beneficial effects on LDL cholesterol and, in the
case of monounsaturated fatty acids, also on HDL cholesterol and glycaemic control.
These help to reduce the risk of cardiovascular disease.

Monounsaturated fatty acids (MUFA) are there in olive, canola, groundnut, peanut, sesame,
rice bran, mustard oils, almonds, and avocados. This form of fat (particularly MUFA with
cis-configuration) is most lipid-friendly, and 10-20% of the total daily calories should be
from their intake.

Polyunsaturated fatty acids (PUFA) should be less than 10% of total daily calories. Significant
components of PUFA are w-6 PUFA and w-3 PUFA. Omega-3 PUFAs lower serum
triglycerides. Encourage regular w-3 intake from natural food sources rather than
supplements. Coldwater fatty fishes (mackerel, salmon, sardine, herring, and tuna)
are good non-vegetarian sources of w-3 PUFA whereas flaxseeds, walnuts, chia seeds,
soybean oil, canola oil, kidney beans, tofu, broccoli, spinach, cauliflower, and Chinese
cabbage are good vegetarian sources of w-3 PUFA. Omega-6 PUFA helps to reduce serum
LDL cholesterol and is found in various vegetable cooking oils (safflower, sunflower, soy,
cottonseed, corn, canola, peanut, and sesame), pulses, vegetables, cereals, walnuts, seeds,
eggs, and poultry. However, do not recommend consumption of w-6 PUFA > 10% of the
total daily fat. A higher w-6/w-3 PUFA ratio of > 5-10 may promote several diseases,
including cardiovascular disease. w-6/w-3 PUFA ratio in Indian diet is much higher than
optimal; hence, a mix or alternate oils rich in w-6 PUFA and w-3 PUFA to attain the lower
ratios is preferred. Similarly, mixing and alternating oils should also focus on allowing the
recommended MUFA in the diet.

Plant sterol and stanol esters, typically found in enriched foods, may modestly reduce total
and LDL cholesterol and may be considered for children > five years with high serum total
or LDL cholesterol.

Trans-fatty acids, though unsaturated fatty acids, are structurally different and have adverse
health effects. They not only increase LDL cholesterol but also reduce HDL cholesterol.
Hence, the use of trans-fats should be limited as much as possible, ideally to less than 1%
of total caloric intake. They form when vegetable oils are processed to make them solid
(partial hydrogenation). They are scarce in nature but are commonly found in packaged
baked goods (cakes, cookies), snack foods (potato chips), fried food (French fries, doughnuts,
fried chicken) and margarine (stick margarine, vanaspati as a cooking medium).

Proteins

The protein requirement in children and adolescents varies from 2 g/kg at one year,
1 g/kg at ten years to 0.8-0.9 g/kg in adolescence. Recommended protein intake is
15-20% of the caloric requirement. Protein promotes growth only when calorie intake is
sufficient, and high protein intake may compromise growth by reducing calorie intake and
may also reduce vitamin and mineral intake.

Proteins from animal sources (fish, milk, egg white, poultry, and meats) are of better
quality as they provide all essential amino acids, but their use is associated with higher
salt and saturated fat content. Remove the skin and visible fat while consuming the animal
sources of proteins. On the other hand, proteins from vegetarian sources (soy, beans, and
lentils) contain less saturated fat and are rich in fiber and complex carbohydrates. Hence,
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the consumption of proteins from both vegetarian and low-fat non-vegetarian sources,
preferably in equal amounts, is recommended.

In patients with diabetic nephropathy, daily protein intake should not be restricted to
less than 0.8 g/kg body weight to avoid the risk of malnutrition. There is no benefit of
protein intake less than 0.8 g/kg body weight on glycemia, cardiovascular risk, or decline
in glomerular filtration rate.

Vitamins and Minerals

Vitamin and mineral requirements in children with diabetes are the same as in other
healthy children. There is no clear evidence to suggest that routine vitamin or mineral
supplementation in children with diabetes is beneficial. Ensure the RDA of all vitamins
and minerals in the diet by appropriate choice of macronutrients.

Salt

Recommendations for salt intake in children with diabetes are similar to that of healthy
children. Daily salt intake should be limited to 1000 mg (2.5 g salt) in 1-3 years old
children, 1200 mg (3 g salt) in 4-8 years old children, 1500 mg (3.8 g salt) for children and
adolescents aged > nine years and 2300 mg (6.0 g salt) in adults. Processed foods are rich
in salt, and hence their intake should be limited.

Sweeteners

The commonly used non-nutritive and hypocaloric sweeteners include saccharin, neotame,
aspartame, acesulfame K, stevia, alitame, and sucralose. They are commonly used in low
sugar, ‘light’ or ‘diet’ products to improve sweetness and palatability and are also used to
replace table sugar in cooking at home. Intake of sweeteners not exceeding acceptable
daily intakes (ADI) is considered safe*. They have the potential to replace caloric or
carbohydrate intake if substituted for caloric sweeteners. However, the benefits of their
use for better glycemia, weight reduction, or reduction of cardiometabolic risk factors are
limited.

Carbohydrate assessment, Glycaemic Index (GI), Glycaemic Load (GL) and
carbohydrate counting

The Gl is an indicator of the quality of carbohydrates in food and measures the rapidity of
increment in plasma glucose after ingestion of a food item. GI is evaluated by calculating
the area under the curve for blood glucose rise for 2 hours after consuming 50 g of a test-
food compared to that of 50 g of oral glucose (preferably) or white bread (reference food).
A value of 100 represents, rise in blood glucose similar to pure glucose. The GI of foods
varies from 0 to 100. Foods with a low GI produce a lower rise in blood glucose during the
first 2-3 hours after their ingestion. Table II presents the classification of common Indian
foods as low (£ 55), medium (56-69), and high (> 70) glycaemic index. Remember, GI is
not a sole criterion for deciding diet composition as there are certain limitations to its
use. Some food products (such as ice cream) may have a large amount of fat, delaying the
absorption of carbohydrate and rendering a relatively low GI value but may have adverse
health effects in the long term.

GL is a measure of both the quality (GI value) and quantity (g per serve) of a carbohydrate
in a meal. Determine foods GL by multiplying its GI by the amount of carbohydrate the
food contains in each serve and dividing the product by 100. Therefore, the GL provides a
summary measure of the relative glycaemic impact of a “typical” serving of the food. Classify
foods with a GL < 10 as low GL and those with > 20 as high GL value.
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Table II: Classification of commonly used foods based on the Glycemic index (GI)

Low GI (£ 55)

Medium GI (56-69)

High GI ( = 70)

Peanuts (14+8), Prunes (29+4), Soy Boiled
(18+3), Rajma (19), Cherries (22), Fructose
(19+2), Grapefruit (25), Barley (28+2),
Whole milk (31), Low-fat milk (37+4),
Skimmed milk (37+4), Yogurt (28), Red
Kidney beans boiled (19), Apple (38), Green
gram dal (29), Rye, Pinto beans (39), Pear
(30), Plum (24), Black-eyed beans (38),
Peach (34), Black beans (30), Orange (40),
Boiled Carrots (33), Kiwifruit (50), Horse
gram (51), Sweet Potato (41), Peas boiled
(51), Buckwheat (55), Banana (51)

Apricot (57), Mango (60+16),
Papaya (60+16), Whole green
gram (57+6), Basmati Rice
(57+4), Oatmeal (69), Ice
cream (61+7), Honey (55+5),
Bajra (67), Pineapple (59+8),
Raisins (64+11), Cream of
wheat (66), White rice (64),
Beets (64+16), Boiled potatoes
(58), Table sugar (63), Coca-
Cola (regular) (63), Grapes
(59), Brown Rice (68+4),

Watermelon  (76+4),
Jowar (77+8), Pumpkin
(75), Ragi (84), White
Baked Potato (78+4),
Parsnips (97+19), Glu-

cose (99+3), Dates
(103£21), Corn flakes
(81+6), White bread
(75+2),

Abbreviations: GI-Glycemic Index

Carbohydrate counting

For patients using continuous subcutaneous insulin infusion (CSII), carbohydrate counting
is essential. Carbohydrate counting is also beneficial for patients on a basal-bolus regimen.
There are three levels of carbohydrate counting. In level 1, consistent carbohydrate intake
is encouraged using an exchange or portion lists of measured quantities of food. The
level 1 carbohydrate counting is useful for patients on twice daily insulin doses for
whom a consistent carbohydrate intake from day-to-day is essential. Level 2 (pattern
management principles) is an intermediate step. In this, patients use a consistent
baseline insulin dose, continue to eat regular carbohydrates, and frequently monitor
blood glucose (BG) levels to recognize patterns of BG response to carbohydrate
intake and the impact of insulin doses and exercise on it. Based on this knowledge,
insulin doses are adjusted for food and exercise to achieve BG goals. However, it is
less commonly used primarily by the pediatric teams. Level 3 [insulin to carbohydrate
ratios (ICRs)] is the most commonly recommended one and is the most appropriate
for patients using multiple daily injections (MDI) or CSII. ICR varies from patient to
patient based on age, sex, pubertal status, duration of diagnosis, and activity. Initially,
ICR can be calculated using the formula 500 divided by total daily dose (TDD) of insulin
and represents the g of carbohydrate that would be covered by 1 unit of rapid-acting
insulin. Replace the number 500 with 450 for regular insulin. ICR helps to adjust the
prandial insulin dose according to carbohydrate intake. Fine-tune the ratio by checking
BG level before and 2 hours after the meal to maintain a BG increment of less than
60 mg/dl.

The various carbohydrate counting methods involve gram increments, 10-12 g carbohydrate
portions, and 15 g carbohydrate exchanges (listed in Appendix-1). None of the methods
are superior over the other. Cover all major meals and snacks containing more than 10-15
g of carbohydrates with a bolus insulin.

Dietary recommendations for specific insulin regimen

Divide daily calorie intake in 6-7 meals (3 major meals, and 3-4 snacks). In general, represent
breakfast with 20% of total caloric needs, lunch, and dinner with 25- 30%, and each snack

N
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with 10% of daily calorie inputs. Each meal should be taken at a particular time during the
day with no significant and frequent deviations. A bedtime snack is considered an essential
part of the regimen to prevent nocturnal hypoglycemia and should include at least 7-8 g
of protein.

Most of the T1IDM patients will have absolute insulin deficiency. Hence, nutritional intake
should match that of a specific insulin regimen that patient is receiving. CSII and MDI
provide flexibility in eating patterns, whereas pre-mix preparations and fixed insulin
regimens demand food intake at fixed quantity and time. In patients on MDI with analogs
or CSII, relatively higher GI major meals can be allowed, but the inter-meal snacks should
contain relatively fewer carbohydrates. On the other hand, while using a basal-bolus
regimen with regular insulin, relatively low GI major meals with moderate carbohydrate-
containing inter-meal snacks should be encouraged.

Exercise Physiology

Exercise has multiple benefits in individuals with TIDM. Regular physical activity increases
the feeling of general well-being and helps prevent obesity and mitigate increased
cardiovascular risk in T1IDM patients®. Also, although results vary across studies, regular
physical activity may modestly improve glycaemic control and reduce microvascular
complications®’. Hence, regular physical activity should be encouraged in individuals with
type 1 diabetes. Moreover, many T1DM patients may be interested in sports; instead, few
may like to have sports as their careers. Hence, TIDM should not limit the ability to excel
in a chosen sport.

Normal exercise physiology

The two types of exercises (aerobic and anaerobic) have diverging effects on glucose
homeostasis®. During moderate-intensity aerobic exercise, glucose production by the liver
increases 5 to 10 fold to meet the peripheral glucose supply into working muscles, in
the absence of which blood glucose levels diminish below the normal range. In healthy
individuals, glucose production increases up to 10-fold during maximum aerobic activity,
and glucose homeostasis is maintained. During anaerobic activity, a 15-fold increase in
glucose production occurs®. Besides, with normal islet cell function, insulin level decreases
in response to diminishing BG level.

Mechanisms for exercise-associated hypoglycemia and hyperglycemia in
T1DM

Exercise can cause perturbation in glucose homeostasis in TIDM individuals, hence often
discouraged in them. It is difficult to predict the effect of exercise onglycemia accurately.
Significant inter-individual variations are observed though intra-individual variability is
less, primarily when consistency in the timing and dose of insulin, carbohydrate intake,
duration, and intensity of exercise is maintained.

During aerobic exercise in TIDM, an increase in glucose disposal into skeletal muscle is
often not compensated well by an increase in glucose production from the liver. Elevated
insulin levels enhance the entry of glucose into muscle cells as a result of previously
administered exogenous insulin (whose levels cannot be decreased unlike in those with
significant endogenous insulin production) and insulin-independent mechanism (GLUT4
translocation). Moreover, elevated insulin levels effectively suppress glycogenolysis and
gluconeogenesis from the liver, combating the compensatory mechanisms of hypoglycemia.
Often the counter-regulatory hormone function may be compromised in TIDM individuals,
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further contributing to hypoglycemia occurrence and its severity. Prior exposure to either
aerobic exercise or hypoglycemia further blunts glucose counter-regulatory responses (i.e.,
glucagon and catecholamines).

In contrast, during anaerobic exercise, a more substantial rise in catecholamines occurs,
and the pancreas in T1IDM patients is not able to increase insulin secretion to offset the
action of catecholamines. These factors increase glucose production by the liver while
limiting glucose disposal into skeletal muscle leading to a mismatch in glucose production,
utilization, and consequent hyperglycemia.

Factors affecting glucose response to exercise

Various factors such as intrinsic factors of exercise, type, and timing of insulin and food
consumption, metabolic control, environmental factors affect BG response to exercise.
Table III summarises these factors and their effect on the BG response.

Normal day-to-day exercise

Normal day-to-day activities are essential and part of almost every child’s daily routine.
Aerobic fitness may improve glycemic control. On the other hand, good glycaemic control
maximizes exercise capacity.

Usually, children indulge in short periods of intense activity interspersed with periods of
resting. However, occasional extra physical activity may require insulin adjustments. Once
the individual gets accustomed to activities and performs them as per a predictable and
regular schedule, the adjustments in diet/insulin are easier.

Hypoglycemia including late hypoglycemia and insulin adjustments

Blood glucose disposal significantly increases during aerobic exercise. Hence, when
exercise is anticipated within few hours after bolus insulin (especially within one hour
while on rapid-acting insulin and within three hours on regular insulin), it is advisable
to reduce the pre-meal bolus dose. In children with obesity, regular administration of
carbohydrates before physical activity may not help to reduce weight. Hence, especially for
regular physical activities, reduced insulin dosage of previous short-acting insulin should
be preferred instead of carbohydrate supplementation. However, exercise may often
be spontaneous, and some patients may develop postprandial hyperglycemia with
anticipatory reduction of pre-meal insulin, leading to a decrease in exercise performance.
In such cases, carbohydrate consumption before an activity is the preferred strategy to
maintain blood glucose levels. In patients using CSII, setting a temporary lower basal rate
(50% to 80% reduction in basal dose depending upon the duration and intensity of the
exercise, which should be done at least 90 min before the initiation of activity and lasting
till the activity stops) may be considered.

Insulin sensitivity increases during and immediately after the exercise and again 7-11 hours
after the completion of the exercise. Glucose requirement increases during these periods of
heightened insulin sensitivity and increases the risk of hypoglycemia for 24 hours after the
exercise. Hence, reducing the basal insulin by 10-20% or extra-low GI snacks at bedtime
should be considered on the day of exercise. Consider a 30-50% reduction in the basal
insulin of the previous day and on the day of activity for all-day or prolonged activities.
The use of continuous glucose monitoring (CGM) during exercise in patients who are
on CSII with low glucose suspension facility is beneficial in preventing hypoglycemia. Even
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Table III: Factors affecting and their effect on the BG response to exercise

Factor

Effect on glycemia

Duration of exercise

Nearly all forms of activity lasting >30 min require some adjustment to food
or a reduction in insulin.

Intensity of exercise

Increase in the intensity of exercise increases the risk of

hypoglycemia requiring more significant insulin decrements.

Type of exercise

Anaerobic efforts increase the BG level due to the release of epinephrine
and glucagon. On the other hand, aerobic activities can lower BG levels
during (usually within 20-60 min after the onset) and after the exercise.
Combining intermittent bouts of anaerobic exercise with aerobic forms
may prevent hypoglycemia during long-duration aerobic activities. Weight-
bearing activities may cause hyperglycemia due to the release of growth
hormones, and the performance of these activities before aerobic activities
may prevent hypoglycemia.

Timing of exercise

Morning activity, done before insulin administration, is less likely to result
in hypoglycemia as circulating insulin levels are typically low, and glucose
counter-regulatory hormones may be high.

Conditioning

Hypoglycemia is less with regular conditioning. It may be due to the
reduction of insulin in anticipation or the better utilization of lipids as fuel.

stress/
in the

Degree of
competition
activity

Like high-intensity activity, stress may also increase catecholamine release
and elevate BG levels, requiring corrective insulin administration.

Muscle mass/
number of muscles
used in the activity

Exercises that involve a higher number of muscles during aerobic exercise
lead to a higher drop in BG. More significant energy consumption occurs
during weight-bearing activities than non- weight-bearing activities.

The long term
metabolic control

Suboptimal control may reduce aerobic capacity and may cause easy
fatigability.

Hyperglycaemia
during exercise

May reduce exercise tolerance.

Type and timing of
insulin

Rapid-acting insulins typically cause hypoglycemia 60-90 min after
administration, whereas regular insulin does so at 2-3 hours.

Choice of
site

injection

Injection of insulin in the exercising muscle leads to the rapid absorption of
insulin.

Ambient temperature

Insulin absorption is increased by high temperature and decreased by low
temperature.

Abbreviations: BG: Blood Glucose

otherwise, the use of CGM and appropriate management of down trending BG levels can
reduce hypoglycemia. Suggest monitoring BG levels at regular intervals in patients not
using CGMS and performing unaccustomed activities and act accordingly. Supplement
carbohydrates adequately in patients in whom regular BG monitoring cannot be done,
and any person who develops clinical features of hypoglycemia should receive glucose
tablets or other forms of quick-acting carbohydrates.
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Ketones

Significant hyperglycemia (random BG level > 250 mg/dl) with any degree of ketonuria
indicates under insulinisation. These patients are likely to experience a further rise
in blood glucose with exercise due to the unopposed action of counter-regulatory
hormones and impaired glucose uptake by the muscles. The latter also compromises the
exercise performance. Ketone production may also increase rapidly and may precipitate
ketoacidosis, which may manifest with pain in abdomen and vomiting. Hence, do not
recommend exercise in all individuals with type 1 diabetes who have hyperglycemia
with any degree of ketonuria (small or more) or ketosis (blood B-hydroxybutyrate is >
0.5 mmol/L).

Parents often believe that prolong exercise does not require insulin. Unless long-acting
insulin provides cover, monitor blood glucose levels carefully during exercise, because
skipping the previous dose of short-acting insulin could be dangerous. If the previous
insulin dose is skipped, the child’s monitoring should include ketone testing, preferably
blood ketone levels using glucometer devices, equipped to measure blood ketones. The
latter provides an excellent method for rapid detection and exact measurement of ketones.
Blood ketone measurement is also a better marker of resolution of ketosis than urine
ketones.

On the other hand, few patients are afraid that reducing the pre-exercise insulin doses
may lead to ketosis during or after exercise; however, reducing insulin down to 25% of pre-
exercise doses does not increase the risk of ketosis.

Nutritional management of exercise and physical activity

Individuals with T1DM should receive some carbohydrate snacks before physical
activity. If pre-exercise insulin doses are appropriately reduced, a carbohydrate intake of
0.3-0.5 g/kg/h of moderate physical activity may be sufficient. A relatively lower BG level
at the initiation of physical activity and not adjusting the insulin doses before physical
activity increases the hypoglycemia risk despite being in the fed state. The occurrence of
hypoglycemia on the previous day blunts the autonomic and counter-regulatory response
to hypoglycemia. Hence, in all these situations, 2-3 times more carbohydrates (1.0-1.5 g/
kg/h) need to be supplied to prevent hypoglycemia. Table IV summarises the suggestions
for carbohydrate intake during physical activity.

For activities lasting more than 30-60 min, prefer slow-releasing carbohydrates, whereas
for activities lasting less than 30-60 min moderately fast releasing carbohydrates should be
administered. Prefer administration of foods containing fat or protein with carbohydrates
(e.g., chocolates, milk, curd, etc) for the former situation and prefer predominant
carbohydrate foods (e.g., fruits, a cereal) for the latter. It is essential to maintain adequate
hydration before, during, and after the exercise to achieve optimal exercise performance.

Exercise recommendations for individuals with T1DM

For adults with T1IDM, recommend 150 min or more of moderate-to-vigorous intensity
activity per week spread over at least three days/week but without more than two
consecutive days of no activity. Adults with TIDM should also engage in 2-3 sessions per
week of resistance exercise on non-consecutive days.
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