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Editorial

Fragmentation of Care in Diabetes and Endocrinology: What is
the Way Forward?
A 70‑year‑old male on follow‑up for diabetes,
hypertension, and dyslipidemia for the past 3 years at
an endocrine specialty center, presented to the emergency
with pedal edema. Since the triage physician could not
find a reason to explain edema, he presumed it was
due to amlodipine. He substituted it with ramipril and
discharged the person. A routine visit to the endocrine
center 2 weeks later shows serum potassium of
6 mEq/L and electrocardiogram changes of hyperkalemia.
The person was admitted for emergency treatment. He
had a previous episode of angiotensin‑converting
enzyme inhibitor‑induced hyperkalemia 6 months back.
Unfortunately, the triage physician did not have access
to previous records.
A 36‑year‑old male was admitted with severe diabetic
ketoacidosis following pneumonia. At the time of admission,
he was on a combination of sulphonylureas and metformin.
He was diagnosed at 30 years with diabetes in an academic
medical center. Initial investigations showed positive
urine ketones, positive Glutamic acid decarboxylase
(GAD) antibody, and low C‑peptide suggestive of
insulinopenic autoimmune diabetes. Hence, he was started
on insulin. Subsequent physicians without access to his
records discontinued insulin. He missed multiple regular
follow‑up visits, leading to poor glucose control and
subsequent ketoacidosis.
We have mentioned two examples of what we believe
is fragmented clinical care in diabetes. When different
caregivers participate in the care of a person without
proper integration of the care, we can describe it as
“fragmented medical care.”[1] Fragmentation of care
could happen across individual health‑care providers or
health‑care organizations. Since most studies are from
developed countries and involve insurance databases, the
magnitude of fragmentation in predominantly self‑funded
medical care systems is unknown.
Most chronic diseases are complex and would involve
multiple organ systems. Therefore, every person with
a chronic disease must receive the optimum care
available, involving multiple providers. Proper care
coordination and communication between providers
would be the key to optimum health outcomes. Without
this coordination, fragmented care would lead to more

testing, higher costs, more procedures, poor quality
of care, and less patient satisfaction compared to
less fragmented care.[1‑3] Studies have also found that
fragmented care is associated with higher hospital
admissions and emergency department (ED) visits.[1‑4]
Fragmentation significantly impacts in‑hospital care
and is linked to various adverse outcomes, including
readmission, increased mortality, and extended hospital
stay.[5] Recurrent diabetic ketoacidosis and increased
mortality in people with diabetes were associated with
fragmented health care.[6] In people with newly diagnosed
diabetes mellitus followed up for 3 years in Taiwan, those
with continuity of care (COC) were associated with less
number of hospital admissions, length of hospital stays,
and a number of emergency room visits.[7]

Why Does Fragmentation of Medical Care
Occur?
Fragmentation of care can be due to patient‑related or
provider‑related causes:
Patient preferences
It is not uncommon for patients to prefer a surgeon
in one hospital for foot ulcer management and an
endocrinologist in a clinic for long‑term diabetes care.
Patient convenience
In India, it is common for consumers to undergo
on‑demand or physician‑requested testing at various
stand‑alone laboratories or hospitals and bring these
reports for care visits. The volume of these reports,
varying methodology of tests, varying test units, and
potential for transcription errors during manual entry
would result in many of the providers limiting the use of
these reports.[8] Since these reports are not mapped to the
investigation fields of electronic health records (EHRs),
it may not be accessible for comparison or research at a
later stage. Although large EHR providers such as EPIC
have interfaces for laboratory requisition with esoteric
labs such as LabCorp and Quest, this system is still not
used widely in India.[8]
Variable reimbursement and insurance practices
Certain hospitals and health systems may be reimbursable
for specific procedures but not others. For example,
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coronary artery bypass grafting may be covered only in
a particular hospital, but cardiology consultations may be
covered in various hospitals. Similarly, lack of access to
care may lead to the movement of health‑care consumers
across hospitals or systems.
Availability of “super” specialists
Especially in the case of rare specialties or specialized
procedures (e.g., robotic surgery), expertise may be
limited to certain hospitals. Patients may undergo the
specialized procedure in that hospital and subsequently
shift to another physician for long‑term care according
to convenience.
Challenges in the transfer of medical information
There can be challenges in medical documentation and
the transfer of medical records across health systems
and practitioners. Documentation used to transfer
care is sometimes brief and may miss many details.
It may lead to limitations in conveying the complete
information to the new physician. For example, it is
common to find discharge summaries without the final
histopathology reports, and patients seldom collect the
full histopathology reports.
Lack of interoperability of electronic medical records
The current EHRs in India do not have interoperability.
Further, physicians cannot electronically access
laboratory reports generated by private stand‑alone
laboratories. This can lead to repeated laboratory testing
and increasing fragmentation of care.
Telemedicine and aggregators
With the advent of telemedicine and virtual consultations,
consultation is done at convenience with doctors who
may not be the regular caregivers of the patient.[8] This
leads to changes in therapies and new investigations
which may not be captured by the regular doctor caring
for the patient. Online medical aggregators may also
shift patients from one provider to another, fragmenting
care.
Care providers with overlapping expertise
In certain multimorbidities such as diabetes with
hypertension, diabetic kidney disease, and cardiovascular
disease, the health‑care providers may have expertise
in managing multiple morbidities, for example, the
endocrinologist, cardiologist, and nephrologist may
manage hypertension. However, this could lead to dose
modifications or the addition of new medicines without
coordination. A similar situation can arise as patients
get managed by a primary care physician and specialists
without proper communication and transfer of records.
44

Various systems of medicine
When there are options for attending various systems
of medicine (e.g., modern medicine and traditional
medicine), it is quite common to move between
various systems for the same illness, leading to higher
fragmentation.[9]

How Can this be Measured?
There are various measures of continuity of care (COC).
This can be measured by the Bice‑Boxerman COC index,
Herfindahl index, usual provider of care, and Sequential
Continuity Index.[10] The COC index is based on the
number of different providers visited, the proportion of
attended visits to each provider, and the total number of
visits. The fragmentation of care index (FCI) or reverse
Bice‑Boxerman COC index is a modification of the COC
index and is calculated as 1‑COC (1 minus COC).[1,11] A
higher FCI denotes a higher dispersion of care from the
primary caregiver.
Although these indices reflect the COC (or lack of it),
they do not inform us about the quality of care and
its outcomes on the individual patient. For example,
the referral of a person with angina on exertion from
the endocrine department to cardiology may result
in evaluation, optimization of medical therapy, or an
intervention like angioplasty, leading to better long‑term
outcomes. However, this would be recorded in indices
like FCI as higher fragmentation. The index would
not categorize people who fail to follow‑up, thereby
worsening long‑term outcomes. Further, many of
these measures may be misleading in cases like those
mentioned at the beginning of this article.
Since most studies have considered outcomes such as
visits to ED, death, acute coronary syndrome, or stroke
as the outcomes, less severe but important outcomes
that may affect the quality of life and care of patients,
especially those with rarer diseases, have not been
studied.[1,4,12,13]

Who are the Most Affected?
S t u d i e s h a v e s h o w n t h a t t h e m o s t a ff e c t e d
due to fragmented care are the elderly, those in
low‑socioeconomic status, ethnic minorities, and
those with complex diseases and multiple comorbid
conditions.[1,3,9,14,15] They suffer from increased visits to
ED and hospitalization due to fragmented care. Higher
fragmentation of care is seen in certain specialties.[16]
In a study of patients attending specialist clinics, visits
to endocrinology, anesthesiology, and hematology had
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higher fragmented care. Those attending ophthalmology,
medical oncology, and orthopedics had the least
fragmented care. This trend is likely because specialties
such as endocrinology, anesthesiology, and hematology
are primarily referrals and involve comanagement with
various other specialties.[16] Other than diabetes, there is
limited data on care fragmentation in specific endocrine
diseases.[3]

How Can We Avoid Fragmented Care?
The best solution for more integrative medical care is
cooperation and information sharing between health‑care
providers and systems. In countries like the US with a
predominantly insurance‑based system or the UK with a
predominantly state‑funded system, aligning incentives
and payments to systems that provide integrated care may
help reduce fragmentation and its ill effects.
In countries like India, private and public health care
coexist, and integrating care across them would be a
significant challenge. Interoperability of electronic
medical records would be a good step for providers
scattered across institutions to access vital patient
health information. This would avoid duplication of
tests, understand drug allergies, avoid dangerous drug
interactions, and have faster access to diagnosis across
various providers. Universal EHR where every patient’s
EHR is connected to a single national system with a
unique patient identifier would help the transfer of vital
health data across various layers of health care.[17] The
Unique Health Identification project of the Government
of India is a step in a similar direction.[18] eHealth Kerala
is one example that links outpatient records across
the government hospitals of Kerala.[19] However, it is
essential to dispel concerns regarding data safety, and
misuse of health information should be addressed at
every stage.[17]
Institutional protocols for managing chronic diseases
and their complications can help collect appropriate
clinical data, investigations, and treatment in one place.
Software‑based methods to flag missing investigations
or evaluations would avoid patients falling off the
system, for example, alerts for diabetic retinopathy
screening in diabetes software.[20] Registries for patients
with rarer diseases like cancer that require follow‑up
can help identify patients without adequate visits and
investigations. These registries could be linked to EHR to
ensure that follow‑ups are completed and data be used for
research.[21] Care coordinators can monitor these systems,
periodically audit records, and ensure compliance with

medicines and follow‑ups.[22] Care coordinators will also
be helpful in diseases which require multidisciplinary
care. For example, a person with differentiated thyroid
cancer will require surgery, nuclear imaging, ultrasound
imaging, biochemical investigations, and follow‑ups with
surgery, nuclear medicine, and endocrinology.
Patient education will go a long way in ensuring COC.
Clear instructions on the role of specialists and who will
be the primary care coordinator will help ensure the COC.
The primary care physician or the endocrinologist can
be the coordinator in chronic diseases such as diabetes
mellitus without significant kidney or cardiovascular
disease. If cardiovascular disease or kidney disease is the
major problem in a person with diabetes, the cardiologist
or nephrologist should be the coordinator.
In short, fragmentation of medical care is a real problem
that interferes with the appropriate follow‑up and
management of patients with chronic diseases. Although
mechanisms at the macro levels are desired to ensure
the COC, this is seldom a priority. Instead, individual
physicians, practices, and professional organizations
should devise methods to prevent fragmentation. This
will provide best practices and guideline‑based care,
avoid repetition of investigations, and provide faster care
at lesser costs to the consumer.
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Editorial

Importance of Ethics Committees in Diabetes-Related Clinical
Research in India
Diabetes carries a significant global burden. Worldwide,
537 million adults have diabetes, a figure projected to
rise to 783 million by 2045. Diabetes has also emerged
as an important public health problem in India, with an
estimated 74.2 million adults having diabetes, likely to
reach 124.9 million by 2045.[1]
Diabetes, for most patients, is a lifelong condition, with
the propensity for affecting multiple body organs through
various complications, resulting in significant morbidity,
increased health‑care expenditure, poor quality of life,
and premature mortality.
While early intervention through diet and lifestyle
modification can certainly bring about improvement,
the majority of patients would require medical therapy.
A wide range of drugs is available today for the physician
to aid in the management of diabetes, including oral
antidiabetic drugs and injectables, especially insulin. It
is worthwhile to note here that anti‑diabetic drugs are
among the most selling drugs in India.[2]
Clinical trials have played a critical role in defining
effective therapies for diabetes mellitus and the different
stages of its myriad complications. Equally important,
ineffective therapies have been discarded based on
controlled clinical trials. The net effect of clinical trials
has been an expansion of life span and an improvement
in quality of life.[3]
In addition to the trials for drugs, studies on diet and
exercise ‒ many of them being preventive trials, as well
as on newer diagnostic tests are also being carried out
worldwide, with a significant number of them underway
in India.
Since 2005, there has been an increase in outsourcing
of clinical trials in India and our country has become
a hub for clinical trials. This is due to the presence of
well‑qualified doctors and staff, a large patient pool,
trained support in technology, and low drug development
costs.[4]
All trials in India need to be registered on the government
portal: the Clinical Trials Registry ‒ India. For conducting
a clinical trial, permission is required from the regulator
and from the ethics committee (EC) of the sites where the

trial is to be conducted. The principal role of an EC is to
protect the rights, safety, and well‑being of participants in
clinical trials, in other words, to provide ethical oversight
to clinical research.[5]
The principles of ethics rest on the four pillars of
autonomy, beneficence, justice, and nonmaleficence.
Recently, two more pillars have been added, which
include confidentiality and honesty.[6] This is achieved by
reviewing the study protocol and related documents for
scientific and ethical validity. In India, this responsibility
lies with the institutional ECs. The drug regulator’s
office in India ‒ the Central Drug Standards and
Control Organization (CDSCO) has the responsibility
of overseeing new drug development. Headed by
the Drugs Controller General of India, it also has the
responsibility of ensuring that the ECs discharge their
duties, as required.[7]
The ECs in India are required to be registered with the
CDSCO before they can review and approve clinical
trials. The regulator thus has indirect control and ensures
that all clinical research is conducted while protecting
the rights and the well‑being of trial participants.[8]
Currently, there are over 1700 ECs, that review clinical
trials, bioavailability (BA), and bioequivalence (BE)
studies in the country.[9]
The ethical issues in clinical trials related to diabetes
are not fundamentally different from those in other
trials. Nevertheless, some issues merit a discussion
here.
One is the debate concerning the use of a placebo
in diabetes‑related trials as opposed to the available
standard of care. The World Medical Association’s
Declaration of Helsinki ‒ Ethical Principles for
Medical Research involving human subjects has
stated its position on the use of a placebo that the
benefits, risks, burdens, and effectiveness of a new
intervention must be tested against those of the
best‑proven intervention(s), except in some specific
circumstances.[10]
As per the declaration, the use of placebos as
comparators is not encouraged, but some researchers
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vouch for placebo‑controlled trials in type 2 diabetes.
They argue that placebos are ethical, even for conditions
where effective treatment already exists, provided
that patients are not harmed and are fully informed.[11]
Occasional placebo‑controlled trials in diabetes are
conducted in some countries like the United States,
which does not accept the Declaration of Helsinki as a
binding guideline.
It becomes incumbent on the ECs to carefully evaluate
any placebo‑controlled trial involving subjects with
type 2 diabetes before approval.
Another issue relates to posttrial access for the
research subjects. The Declaration of Helsinki (op.
cit.) states that in advance of a clinical trial, sponsors,
researchers, and host country governments should
make provisions for posttrial access for all participants
who still need an intervention identified as beneficial
in the trial. This information must also be disclosed to
participants during the informed consent process. The
New Drug and Clinical Trial Rules of 2019 include
posttrial access as a requirement in clinical trials,
although with some conditions.
This applies particularly to diabetes‑related trials, as
many of the newer drugs, including insulins and other
therapies such as the artificial pancreas are costly. The
ECs need to check while reviewing the study protocol
that posttrial access is ensured for the trial subjects, as
per the law.
The provision of rescue medication in clinical trials is
necessary to prevent any harm to the subjects if their
condition worsens. This can, however, complicate the
analysis of trials. In type 2 diabetes trials, patients receive
glucose‑lowering rescue medications continuously for
the remaining trial duration, if one of several markers
of glycemic control exceeds prespecified thresholds.
This may mask differences in glycemic values between
treatment groups because it will occur more frequently
in less effective treatment groups.[12] It is possible to
estimate the effect of rescue medication on the trial results
through statistical methods like simulation.
The members of the EC, particularly the scientific
members, need to be aware of the rescue medication
available for the research subjects and deliberate on the
statistical methods available to address any effects on
the trial outcomes.
One of the functions of the ECs is to ensure that
the trial participants receive an adequate and timely
supply of the study drug(s). Concerns regarding this
48

aspect have been raised in the context of clinical
research on diabetes and hypertension in sub‑Saharan
Africa.[13]
Although such concerns were not much prevalent
routinely in India, they did surface during the time of the
COVID‑19 pandemic, during which various strategies to
ensure the safety of the trial participants and continuance
of treatment, for instance, alternative drug dispensing
methods, had to be devised. The Indian Council of
Medical Research (ICMR) formulated guidelines for the
ECs to function capably during the pandemic.[14]
Apart from drugs, surgical options like bariatric surgery
exist for the difficult‑to‑manage cases of diabetes, and
particularly with obesity. Issues specific to research
in such surgical therapies exist and will have to be
considered by the ECs accordingly.[15] Novel treatments
will entail newer ethical issues, and the ECs will have to
gear up to address the ensuing challenges.
Trials on complementary and alternative medicine in
diabetes management are seeing a rising trend in India.
The ethical framework for such studies is not as well
defined as that for modern medicine, and such treatments
pose their own ethical issues.[16] Nevertheless, the pillars
of ethics alluded to above are equally relevant to such
studies. The ECs need to be mindful of the potential
issues and make decisions based on the merits of the
study.
A number of diabetes‑related studies are now employing
apps and/or devices for diagnosis, monitoring, and
treatment. Besides convenience, new technological
innovations also afford a chance for timely intervention
in managing the patient’s condition. However, such
technologies bring with them their own challenges in
the form of data security, potentially jeopardizing the
patient’s privacy and confidentiality.
It has been remarked that there are currently no
procedures or standard practices for developers of
mobile medical apps to assure data integrity and
security.[17] In such a scenario, the EC needs to carefully
scrutinize the protocol if it mentions the necessary
safeguards for protecting the subject’s privacy and
confidentiality.
Some of the studies on diabetes involve vulnerable
subjects. Examples include children with type 1
diabetes – where assent from older children becomes
necessary, elderly patients with type 2 diabetes, and
studies on gestational diabetes mellitus that involve
pregnant women. In all such cases, the EC should
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ascertain that the protocol and other documents
adequately address the relevant ethical concerns and
meet the applicable regulatory requirements for such
studies.
The ECs also need to set up and implement a system
of periodic monitoring, including site visits, to
ensure that the research is being conducted as per
the approved protocol, and following all the ethical
guidelines. Any protocol deviations or violations
should be noted and corrective action is recommended
by the EC.
It has to be considered here that the ECs are made up of
independent people coming from varied backgrounds
who need to be trained in research ethics. To ensure
the efficient functioning of the ECs, adequate training
of the EC members is essential. Medical research and
ethics are both continually evolving fields; hence, the
training also needs to be continuous, and on regular
basis.
Many of the ECs do have well‑trained members and
are protecting research participants well. There is a
third‑party verification of EC competencies available,
but it is not mandatory, and only a small fraction of the
total ECs has opted for accreditation. There is a need for
more ECs to opt for this accreditation so that participants
are protected uniformly all over the country. Unless
research participants are assured adequate protection,
they will not volunteer for trials. Since protecting them is
a responsibility of ECs, the competency of EC members
has far‑reaching consequences, for investigators, trial
sites, and the country at large.
The New Drugs and Clinical Trial Rules 2019 speak of
mandatory training of EC members. Considering the
large number of ECs across the country and the turnover
of members, it is a difficult task to effectively train all
the members. The government needs to ensure that EC
members in the country are well trained to carry out
their responsibilities. However, to our understanding, no
organization is capable of handling this amount of work,
hence, the training needs to be outsourced.
For this purpose, the government can adopt the “train the
trainer” model, wherein a few persons in each city/state
can be identified and trained, and they can be authorized
to impart training to all the ECs in that region.[18] When
all the members are well trained, the ECs will be able to
fulfill their important responsibilities. This will ensure
participant protection and the growth of clinical research
in the country.
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Polymorphism (rs1799752) with Type 2 Diabetes Mellitus,
Hypertension, and Chronic Kidney Disease and its Clinical
Relevance: A Preliminary Study from South India
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Abstract
Background: The renin–angiotensin–aldosterone system (RAAS) is important in regulating blood pressure and electrolyte
balance. The main effector hormone of the RAAS is angiotensin II, which is generated from angiotensin I in the circulation and
in the tissues, mostly as a result of the action of angiotensin‑converting enzyme (ACE). The ACE gene has received substantial
attention in recent years as a candidate gene for a variety of diseases. Objective: This study was conducted to determine the
association of insertion/deletion (I/D) polymorphism of ACE gene in type 2 diabetes mellitus (T2DM), hypertension (HT), and
chronic kidney disease (CKD) subjects among South Indian regional population. Methods: A total of 105 subjects participated in
this study including 30 T2DM (Group 1), 30 HT (Group 2), 35 CKD (Group 3) patients and 10 controls (Group 4). Blood samples
were collected and biochemical investigations were done. Polymerase chain reaction amplification was performed to genotype
the DNA. The distribution and allelic frequency of I/D (rs1799752) polymorphism at the 287‑base pair Alu repeat sequence in
the intron 16 of ACE gene were analyzed using specific primers. Results: The ACE genotypes were distributed as II, 17%; DD,
47%; and ID, 37% in the T2DM group; II, 10%; DD, 50%; and ID, 40% in the HT group; II, 17%; DD, 54%; and ID, 29% in
the CKD group; and II, 50%; DD, 20%, and ID, 30% in the control group. The frequency of DD genotype was significantly
higher in HT (P = 0.05) and CKD patients (P = 0.05) compared to controls. In codominant model analysis, DD genotype versus
II genotype was associated with increased risk of T2DM (odds ratio [OR] = 4.37; 95% confidence interval [CI] = 1.31–14.504),
HT (OR = 9.0; 95% CI = 2.23–36.17), and/or CKD (OR = 5.73; 95% CI = 1.906–17.282), respectively. The D allele was more
frequent in T2DM (65%), HT (70%), and CKD patients (69%) compared to controls (35%) (P = 0.018, P = 0.005, and P = 0.006,
respectively). The D allele was associated with increased risk of T2DM (OR = 3.44; 95% CI = 1.19–9.96), HT (OR = 4.33; 95%
CI = 1.48–12.65), and CKD (OR = 4.05; 95% CI = 1.42–11.55). Conclusion: The DD genotype and the D allele of the ACE I/D
gene polymorphism can be a risk factor for T2DM, HT, and CKD in South Indian regional population. This result suggests that
T2DM and HT patients should be offered analysis to identify defects in ACE I/D polymorphism, which might help to determine the
course of CKD disease and aid to choose appropriate antihypertensive therapy with ACE inhibitor/angiotensin receptor blockers.
Keywords: Angiotensin‑converting enzyme, chronic kidney
disease, hypertension, insertion/deletion polymorphism,
polymerase chain reaction, type 2 diabetes mellitus
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public health burden in India and have been classified
as a global epidemic. The global prevalence of T2DM
is 10.5%,[1] HT is 26%,[2] and CKD is 9.3%.[3] T2DM is
a chronic, metabolic disease characterized by elevated
levels of blood glucose, which leads to damage of
heart, vasculature, eyes, kidneys, and nerves.[4] CKD is
a major microvascular complication of T2DM and HT,
representing the leading cause of end‑stage renal disease.
Clinical hallmarks of CKD include a progressive increase
in urinary albumin excretion and a decline in glomerular
filtration rate (GFR).[5]
The renin–angiotensin–aldosterone system (RAAS) plays
a key role in regulating blood pressure and electrolyte
balance. Genes encoding components of the RAAS has
received substantial attention as a candidate gene for a
variety of disease including HT, T2DM, and the risk of
developing nephropathy, retinopathy, and neuropathy
complications. Among them, the angiotensin‑converting
enzyme (ACE) gene is the eminent gene in RAAS and an
attractive candidate gene possibly playing an active role
in the pathogenesis of T2DM, HT, and CKD [Figure 1].
ACE, a metalloproteinase (dipeptidyl carboxypeptidase),
converts angiotensin I to angiotensin II and is also a
potent vasoconstrictor.[6] The ACE gene (NC_000017.11)
is mapped to chromosome 17q23 and is encoded by a
21‑kb gene that consists of 26 exons and 25 introns. The
insertion/deletion (I/D) polymorphism (rs1799752) of
ACE gene is characterized by the presence (insertion)
or absence (deletion) of a 287‑bp sequence in intron
16 producing three genotypes (II homozygote, ID
heterozygote, and DD homozygote).[7] By identifying

genotype of ACE I/D polymorphism, it would help the
physicians for betterment of treatment with suitable
hypertensive therapy and to prevent the progression of
CKD. Considering the number of factors influencing
the beginning, development, and prognosis of the
disease, it is necessary to understand the relationship
between the environmental and genetic factors related
to this disease. Therefore, the present study aims to
explore the association and prevalence of ACE gene I/D
polymorphism (rs1799752) in T2DM, HT, and CKD
patients among South Indian regional population.

Methods
The present study was carried out by Alpha Health
Foundation in association with Alpha Hospital and
Research Centre. The proposed study groups were
enrolled for the study with clearance from the Institutional
Ethical Committee and upon obtaining informed consent
from the participants. Patients with either T2DM or HT
or CKD or a combination of any of these conditions,
age > 18 years, with controlled blood sugar, and willing
for the genetic tests were included. Patients with active
infections, secondary causes of CKD, malignancies,
known autoimmune diseases, uncontrolled blood sugar,
and/or psychiatric illness were excluded.
A total of 105 subjects were recruited for this study
and they were categorized into four groups. Group 1
consists of 30 T2DM patients, Group 2 consists of 30
HT patients, Group 3 consists of 35 CKD patients,
and Group 4 consist of 10 healthy controls. Data were
collected from each subject, which included clinical

Figure 1: Overview of ACEI/D polymorphism in RAAS. Pathophysiological association between hypertension, type 2 diabetes mellitus,

and chronic kidney disease. ACEI = Angiotensin‑converting enzyme inhibitor, RAAS = Renin–angiotensin aldosterone system
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history with the examination. Five milliliters of venous
blood sample was collected in an EDTA‑coated
Vacutainer tube (BD‑Becton, Dickinson and Company,
India) from the participating subjects. A portion of the
blood sample was used for biochemical tests relevant to
glucose metabolism, lipid profile, and serum creatinine
according to the standard protocols. T2DM was
diagnosed according to ADA criteria.[4] HT was defined
by mean systolic blood pressure (SBP) ≥140 mmHg,
mean diastolic blood pressure ≥90 mmHg, or taking
antihypertensive therapy.[8] CKD was defined by the
abnormalities in the composition of blood/urine or
abnormalities in imaging tests either kidney damage or
GFR <60 ml/min/1.73 m2 for >3 months.[9]
Genomic DNA was extracted from the peripheral
blood samples using a QIAamp DNA Blood Mini
Kit (QIAGEN India Pvt. Ltd., New Delhi, India)
according to the manufacturer’s protocol. Quantitative
and qualitative (260/280‑nm absorbance ratio)
assessments of the DNA samples were carried out
using a nanodrop one spectrophotometer (Thermo
Fisher Scientific, USA). Genotyping of ACE gene
intron 16 was amplified by polymerase chain
reaction (PCR) in a thermocycler (Agilent SureCycler
8800, USA). For amplification, a flanking primer
pair 5’‑CTGGAGAGCCACTCCCATCCTTTCT‑3’
and 5’‑GACGTGGCCATCA CATTCGTCAGAT‑3
(synthesized by IDT‑Integrated DNA Technologies, USA)
was used. PCR amplification was performed with a 20‑µl
reaction mixture. Amplification conditions were 95°C for
5 min for initial denaturation, 35 cycles of 94°C for 30 s for
denaturation, 65°C for 30 s for annealing of the primers,
and 72°C for 1 min for extension, followed by a final
extension at 72°C for 7 min. PCR products were separated
by 2% agarose gel electrophoresis (Orange, India). The
479‑bp products corresponded to the insertion (I) and the

192‑bp products to the deletion (D). The PCR products
were visualized after electrophoresis using a UV gel
documentation system (Medicare, Chennai, India).
Statistical analysis
Clinical characteristics data of all the subjects were
expressed as mean ± standard deviation and qualitative
data as frequency and percentage. Continuous variable
was compared between the case and control groups
by using two‑tailed Student’s t‑test and differences in
proportions were assessed by the Chi‑square test. The
genotype frequencies were evaluated among each other,
as follows: DD versus ID versus II (codominant model),
DD + ID versus II (dominant model), and DD versus
ID + II (recessive model), in order to observe any possible
codominant, dominant, and recessive effects of the D
allele, respectively. Allelic frequencies were calculated
by gene‑counting method. Risk estimate was done by
odds ratio (OR) with 95% confidence interval (95%
CI). A level of P < 0.05 was considered statistically
significant. All the statistical analysis was carried out
using SPSS statistical software, version 26.0, IBM SPSS,
version 26 (SPSS, Inc., Chicago Il, USA).

Results
A total of 105 participants, including 10 controls (Group 4)
and 95 patients, were included in the study. The baseline
characteristics of all the subjects enrolled in this study
are shown in Table 1. The study included 30 patients
with T2DM (Group 1), 30 patients with HT (Group 2),
and 35 patients with CKD (Group 3). The mean age
of T2DM patients was 49.8 ± 11.7, HT patients was
52.8 ± 11.1, CKD patients was 65.0 ± 13.9, and controls was
49.0 ± 20.0 years. Serum triglycerides were significantly
higher in HT (P = 0.001) and CKD (P = 0.01) patients,
and random blood sugar was also significantly higher in

Table 1: Baseline characteristics of the study group
Parameters

Control (n=10)

T2DM (n=30)

HT (n=30)

CKD (n=35)

Age (years)
49.0±20.0
49.8±11.7
52.8±11.1
65±13.9
BMI (kg/m2)
25.4±6.0
25.7±4.1
28.4±6.5
27.6±5.2
SBP (mmHg)
110.6±10.4
131.5±9.0
166.4±21.3*
148.2±18.2
DBP (mmHg)
71.6±8.6
84.8±9.2
97.3±9.6
96.0±15.1
T.CHO (mg/dl)
160.5±32.3
172.8±41.7
173.2±42.9
175.5±38.5
TGL (mg/dl)
111.8±45.2
156.8±74.9
226.3±86.3*
170.7±73.4*
HDL (mg/dl)
37.1±9.2
38.5±8.7
37.3±3.9
50.2±38.2
LDL (mg/dl)
82.5±10.6
102.8±38.6
92.3±36.7
95.5±30.2
Serum creatinine (mg/dl)
0.95±0.3
1.21±0.6
1.42±0.8
1.77±0.6
RBS (mg/dl)
126.4±48.5
249.4±127.7*
240±59.7*
233.7±76.2*
Values are mean±SD of triplicate experiments. *Significant at P<0.05. BMI=Body mass index, SBP=Systolic blood pressure, DBP=Diastolic blood
pressure, T.CHO=Total cholesterol, TGL=Triglyceride level, HDL=High‑density lipid, LDL=Low‑density lipid, RBS=Random blood sugar, SD=Standard
deviation, T2DM=Type 2 diabetes mellitus, HT=Hypertension, CKD=Chronic kidney disease
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T2DM (P = 0.001), HT (P = 0.001), and CKD (P = 0.001)
patients compared to controls. There was a notable
significant difference in SBP (P = 0.028) in HT patients
when compared with the control group.

was significantly associated with increased risk of
CKD (OR = 2.96; 95% CI = 1.10–7.98; P = 0.028).

Genotyping results
PCR was performed for analysis of the insertion/deletion
polymorphism of the ACE gene [Figure 2]. The genotype
distribution of ACE I/D gene polymorphism in T2DM, HT,
and CKD patients and controls is presented in Table 2. The
ACE genotypes were distributed as II, 17%; DD, 47%; and
ID, 37% in T2DM (Group 1); II, 10%; DD, 50%; and ID,
40% in HT (Group 2); II, 17%; DD, 54%; and ID, 29%
in CKD (Group 3); and II, 50%; DD, 20%; and ID, 30%
in control (Group 4) [Figure 3]. The frequency of DD
genotype was significantly higher in HT (P = 0.05) and CKD
patients (P = 0.05) compared to controls. The DD genotype
of the HT and CKD groups was significantly associated
with increased risk of HT (OR = 5; 95% CI = 0.93–26.78;
P = 0.046) and/or CKD (OR = 4.75; 95% CI = 0.87–25.64;
P = 0.05) when compared with controls. The D allele was
more frequent in T2DM (65%), HT (70%), and CKD
patients (69%) compared to controls (35%) (P = 0.018,
P = 0.005, and P = 0.006, respectively). The D allele was
associated with increased risk of T2DM (OR = 3.44; 95%
CI = 1.19–9.96), HT (OR = 4.33; 95% CI = 1.48–12.65),
and CKD (OR = 4.05; 95% CI = 1.42–11.55).

T2DM, HT, and CKD are polygenic disorders having
multifactorial influence, as evidenced by various
disease outcomes modulated by the gene–gene and
gene–environment interactions. An inevitable gene
of RAAS is ACE and its I/D polymorphism has been
frequently reported to be associated with T2DM,[10]
HT,[11] and CKD[12] in different ethnic populations. An
increased plasma and serum ACE level is genetically
determined by I/D polymorphism of the ACE gene.
The DD genotype has been commonly revealed to
have enhanced the serum ACE levels and activity,
whereas II and ID genotypes are associated with low
and intermediate levels of ACE, respectively.[13] The
ACE D allele is associated with higher serum ACE
levels and increased conversion of angiotensin I (Ang
I) to angiotensin II (Ang II).[14] Elevated serum ACE
levels diminish glucose utilization in skeletal muscles
during exercise, and ACE inhibitor (ACEI) reduces the
ACE levels and increases insulin sensitivity, GLUT‑4
synthase, and hexokinase activity, and also suppresses
hepatic glucose production.[15‑17] As a result of these
previous reports, high ACE activity, namely the ACE
DD genotype, seems to increase the risk of impaired
glucose metabolism or T2DM. [18] Ang II elevates
blood pressure through its direct vasoconstrictor
and sodium‑retaining activities. Elevated level of
angiotensin II plays an important role in the regulation
of GFR and renal blood flow by constricting the efferent
and afferent glomerular arterioles.[19] It may contribute
to disease progression of CKD that comprises a group
of pathologies such as tubulointerstitial fibrosis, tubular
atrophy, mesangial cell expansion, extracellular matrix

The distribution of ACE I/D genotypes and their
corresponding ORs were calculated for each variant, as
shown in Table 3. In codominant model, DD genotype
versus II genotype was found to be significantly
associated with increased risk of T2DM (OR = 4.37;
95% CI = 1.31–14.50; P = 0.012), HT (OR = 9.0; 95%
CI = 2.23–36.17; P = 0.001), and/or CKD (OR = 5.73;
95% CI = 1.90–17.28; P = 0.001). In codominant
model analysis, DD genotype versus ID genotype

Discussion

Table 2: Genotypic and allelic frequencies of angiotensin‑converting enzyme gene and comparison of odds ratio between
study groups
Genotypic
frequencies
II
ID
DD

Allelic
frequencies

Control,
n (%)
5 (50)
3 (30)
2 (20)

Control,
n (%)

T2DM
n (%)
5 (17)
11 (37)
14 (47)

HT

OR

95% CI

1.35
3.5

Reference
0.28-6.32
0.6319.30

P

n (%)

0.701
0.136

3 (10)
12 (40)
15 (50)

OR

95% CI

1.55
5

Reference
0.33-7.23
0.933-26.7

T2DM
n (%)

OR

95% CI

CKD
P

n (%)

0.57
0.04

6 (17)
10 (29)
19 (54)

OR

95% CI

P

0.93
4.75

Reference
0.20-4.34
0.87-25.64

0.92
0.05

HT
P

n (%)

OR

CKD
95% CI

P

n (%)

OR

95% CI

D
7 (35)
39 (65) 3.44 1.19-9.96 0.018 42 (70)
4.33
1.48-12.65 0.005 48 (69)
4.05
1.423-11.55
I
13 (65)
21 (35)
18 (30)
22 (31)
P<0.05 indicates statistical significance. CI=Confidence interval, D=Deletion, I=Insertion, OR=Odds ratio, T2DM=Type 2 diabetes mellitus,
HT=Hypertension, CKD=Chronic kidney disease
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accumulation, and podocyte apoptosis.[20] The current
guidelines recommend ACEIs/angiotensin receptor
blockers (ARBs) as a first‑line drug for diabetic
hypertensive patients.[21,22] ACEI promotes vasodilation
by inhibiting angiotensin II formation and degradation
of bradykinin and ARB can trigger vasodilation and
natriuresis. Apart from the antihypertensive effects,
ACEI/ARB has other pleiotropic clinically beneficial
effects, such as diminishing sympathetic activity,
improving insulin resistance, endothelium function, and
plaque stabilization, and is also involved in suppressing
ventricular remodeling, atherosclerosis process,
thrombosis, and platelet aggregation.[23‑27] Mallat[28]
emphasized that, in patients with evidence of renal
disease, guidelines recommended ACEI/ARB‑based
therapy due to their superior reno‑protective effects
compared to other antihypertensive classes. However,
several studies in diabetic nephropathy patients[29‑31]
indicated that ACEIs and ARBs retard renal function
deterioration through an antiproteinuric effect that goes
beyond the pressure lowering effects.

Dell’omo et al. found that the D allele in hypertensive
patients poses a higher risk for microalbuminuria and
treatment with ACEIs produces a greater reduction in
microalbuminuria in hypertensive patients homozygous
for the I allele.[32] Heidari et al. have reported that
blood pressure was significantly reduced in response to
ACEIs (lisinopril and enalapril) in male hypertensive
subjects with DD genotype.[33] ACEIs are found to be
effective in subjects with DD genotype resulting in
increased ACE serum levels and ACE activity which
enhances inhibition.[34,35] In addition, ARBs have been
reported to be associated with a significant decrease in
blood pressure in individuals with II genotype compared
to DD or ID genotypes.[36] However, the individuals with
DD genotype showed a better response to ACEIs.[33]
The data obtained from the current study substantiate
the association between ACE I/D polymorphism and
T2DM, HT, and CKD. Our results corroborate with the
earlier reports of the association between D allele and
T2DM,[37,38] HT,[39,40] and CKD[41,42] in different ethnic
populations. Our study has demonstrated a remarkable

Figure 2: Genotyping of ACE I/D, PCR was performed for analysis of the insertion/deletion polymorphism of the ACE gene. PCR amplification

of primer specific product that encompasses I/D polymorphism was electrophoretically separated and visualized in 2% agarose gel.
II – 495 bp; ID – 495 bp, 192 bp; DD – 192 bp. ACEI = Angiotensin‑converting enzyme inhibitor, PCR = Polymerase Chain Reaction

Figure 3: Genotypic and allelic frequency of ACE I/D polymorphism among study groups. ACEI = Angiotensin‑converting enzyme inhibitor

Table 3: Distribution of angiotensin‑converting enzyme genotypes among study groups
ACE I/D (rs1799752)
Groups

Codominant model
DD versus II
P

OR (95% CI)

DD versus ID
P

OR (95% CI)

Dominant model

Recessive model

II versus ID + DD

DD versus II + ID

P

OR (95% CI)

P

OR (95% CI)

T2DM
0.012
4.3 (1.31-14.50)
0.43
1.5 (0.53-4.24)
0.001
0.04 (0.01-0.15)
0.60
0.76 (0.27-2.11)
HT
0.001
9.0 (2.23-36.17)
0.43
1.5 (0.53-4.17)
0.001
0.01 (0.002-0.06)
1.00
1.00 (0.36-2.75)
CKD
0.001
5.7 (1.90-17.28)
0.02
2.9 (1.10-7.98)
<0.001
0.04 (0.012-0.14)
0.13
0.47 (0.17-1.27)
P<0.05 indicates statistical significance. ACE=Angiotensin‑converting enzyme, CI=Confidence interval, D=Deletion, I=Insertion, OR=Odds ratio,
T2DM=Type 2 diabetes mellitus, HT=Hypertension, CKD=Chronic kidney disease
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difference in the prevalence of DD genotype and D allele
of ACE gene in T2DM, HT, and CKD patients than in
controls. The results of this study support the hypothesis
that the DD genotype has a strong association with
T2DM, HT, and CKD and that ACE polymorphism plays
an important role in the pathogenesis of these diseases.
Limitation of our current study includes a small sample
size and nonestimation of serum ACE levels. We could
not analyze the effect of overlap among the groups, on
the association between genotype and disease due to the
small sample size. A detailed multicenter, prospective
study with ACEI/ARB will strengthen our results and
enlighten the importance of ACE I/D polymorphism in
prediction of CKD progression and reno‑protective effect
of RAS blockade in HT patients.

Conclusion

7.

8.

9.

10.
11.

12.

In the present study, it was observed that the D allele of
ACE gene was significantly associated with T2DM, HT,
and CKD as compared to controls. These results suggest
that T2DM/HT patients should be offered analysis for
defects in ACE I/D polymorphism, and if present, their
risk of CKD progression may be high. Identifying the
ACE, I/D gene polymorphism could aid to choose an
appropriate antihypertensive therapy like ACEIs or
angiotensin‑receptor blockers. The clinicians could
identify groups of patients, with the susceptible ACE
genotypes that need intensive monitoring to prevent
both onset and the development of diseases. Further,
large‑scale studies in the regional population may offer
better insight on the analyzed susceptible gene variants.
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Clinical Utility of Glimepiride and Metformin Fixed‑Dose
Combination in Obese/Overweight Patients with Type 2
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Abstract:
Background: In India, glimepiride has become a promising option for add‑on therapy with metformin in patients with
type‑2 diabetes mellitus (T2DM) owing to its efficacy, safety, and cost‑effectiveness. This study aimed to analyze the clinical
utility of multiple strengths of glimepiride and metformin fixed‑dose combination (FDC) in obese/overweight patients with
T2DM. Methods: This case‑based questionnaire survey was conducted between June 2020 and June 2021 and included
health‑care professionals across India to assess the usage pattern of glimepiride and metformin FDC. Results: Overall, data
from 1345 patients taking multiple strengths of glimepiride and metformin FDC were analyzed, of which 64.7% were men.
A total of 57.6% of patients were overweight, 29.4% were obese Class I, 9.6% were obese Class II, and 3.4% belonged to
obese Class III. Sedentary lifestyle (60.3%), smoking (36.7%), and emotional stress (33.3%) were the most common risk
factors. Among the available strengths, glimepiride 2 mg and metformin 500/850/1000 mg FDC was most widely used
in 50.5% and 47.4% of patients from overweight and obese groups, respectively. A total of 90.3% and 89.1% of patients,
respectively, from the overweight and obese groups did not observe weight gain. The majority of the patients from overweight
and obese groups observed blood pressure within optimum levels (68.5% and 71.4%, respectively). The mean glycated
hemoglobin, fasting plasma glucose, and postprandial plasma glucose levels were significantly reduced with posttreatment
of glimepiride and metformin FDC with a mean change of 1.4%, 44.3 mg/dL, and 73.5 mg/dL, respectively (P < 0.01).
The physician global evaluation of efficacy (90.3%) and tolerability (91.1%) showed the majority of the patients on a good
to excellent scale. Conclusion: The real‑world evidence in the Indian clinical setting indicates that the glimepiride and
metformin FDC was found to be effective in achieving glycemic control and it is observed to be safer in terms of weight
gain and hypoglycemia.
Keywords: Fasting plasma glucose, glycemic control,
glycated hemoglobin, hypoglycemia, postprandial plasma
glucose, weight gain
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Introduction
The worldwide prevalence of obesity is increasing at an
alarming rate and has gained a significant attention as
one of the most prevalent risk factors of type 2 diabetes
mellitus (T2DM).[1] India is no exception to this rising
trend of prevalence of overweight and obesity. The
prevalence of overweight and obesity is expected to
double by the end of 2040.[2] In India, the majority of the
individuals with T2DM are either overweight or obese.[3]
Further, overweight or obese individuals with T2DM
are at a significant risk of developing cardiovascular
diseases (CVDs) and which eventually results in
increased morbidity and mortality.[3] Therefore, it is of
great significance for health‑care providers to consider
the impact of any selected drug therapy on the weight
of individuals with T2DM who are overweight or obese.
Several international and national guidelines recommend
the use of a fixed‑dose combination (FDC) of two or more
antidiabetic agents for better and sustained glycemic
control with a low risk of adverse events including
hypoglycemia and weight gain. [4‑7] The literature
demonstrates that glimepiride is associated with several
benefits including optimal insulin secretion, enhanced
beta‑cell function, weight‑neutral effects, absence of
CVD risk, and reduced hypoglycemia.[8] Considering
these benefits, glimepiride has become a promising
option for add‑on therapy with metformin in patients
with T2DM.
In India, glimepiride and metformin FDC is usually
preferred for the management of T2DM.[9] This FDC is
advantageous in terms of its easy availability in multiple
strengths thereby providing easy titration choices for
physicians in the routine clinical practice.[10] A recent
Indian study depicted the benefits of glimepiride and
metformin FDC therapy for the management of T2DM
in obese individuals. Furthermore, the use of this
FDC is associated with a low risk of hypoglycemia.[10]
However, evidence from clinical trials and real‑world
studies supporting its use, particularly in overweight or
obese patients with T2DM in Indian clinical practice is
limited. Therefore, the present observational study was
conducted to understand the usage pattern of glimepiride
and metformin FDC therapy in overweight or obese
patients with T2DM in Indian settings.

(between June 2020 and June 2021) having medical
records of overweight or obese patients with T2DM, who
had received glimepiride and metformin FDC therapy.
A standard questionnaire pertaining to overweight or
obese with T2DM management using glimepiride and
metformin FDCs was prepared, discussed, and validated
by the experts.
Data related to baseline characteristics, duration of
disease, dosage pattern, comorbidities, concomitant
medications, up‑titration, hypoglycemia, weight gain,
and adverse events were collected from medical records
authenticated by physicians during routine care.
Study population
Patients of either sex, age above 18 years, who were
overweight or obese and had received any strength of
glimepiride and metformin FDCs for the treatment of
T2DM and approval of the treating physician to provide
information regarding the participant’s treatment were
enrolled in this study. Patients with incomplete data or
any condition that according to the investigator makes
the patient unsuitable for inclusion in the study were
excluded. Figure 1 displays the process flow chart.
Patients were categorized into overweight and obese
groups using the World Health Organisation’s definition:
Overweight: body mass index (BMI) of 25–29.9 kg/m2,
Class I obese: BMI of 30–34.9 kg/m2, Class II obese:
BMI of 35–39.9 kg/m2, Class III (morbid) obese: BMI
of ≥40 kg/m2.[11,12]

Methods
Study design
A multicenter case‑based questionnaire survey was
conducted at 125 sites in Indian health‑care centers

Figure 1: Flowchart- Study design
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Outcomes
The objective of this study was to evaluate the demographic
characteristics of overweight or obese patients receiving
different strengths of glimepiride and metformin FDCs,
duration of T2DM, risk factors, comorbidities, complications
of diabetes, duration of diabetes complications, lipid
parameters, fasting plasma glucose (FPG), and postprandial
plasma glucose (PPG), glycated hemoglobin (HbA1c)
levels, concomitant medications, duration of therapy,
the dosage of up‑titration and down‑titration, reasons for
up‑  and down‑titration, change in glycemic parameters,
weight changes, and hypoglycemia during the therapy.
The present study also examined the total cholesterol,
triglycerides, high‑density lipoprotein (HDL), and
low‑level lipoprotein‑cholesterol across all BMI groups.
Furthermore, the study also focused on other management
strategies and physicians’ global evaluation of efficacy and
tolerability of glimepiride and metformin FDCs.
Risk factors for T2DM included excess alcohol and salt
intake. Excess alcohol intake was defined as consuming
≥15 drinks per week. Excess salt intake was defined
consumption of >5 g sodium per day. Health-Care
Professionals (HCPs) were asked to categorize patients on
basis of their economic status in one of the following group:
Rich, Upper Middle, Lower Middle and Poor. All other
qualitative and semi quantitative variables were recorded
and analysed based on responses provided by HCPs.
Diabetic microvascular complications included
nephropathy, retinopathy, and neuropathy. Diabetic
nephropathy is a syndrome characterized by the presence
of pathological quantities of albumin‑to‑creatinine
ratio (≥30 mg/g), diabetic glomerular lesions, and loss
of glomerular filtration rate (<60 mL/min/1.73 m2)
in diabetes. Diabetic retinopathy is a condition that
may occur in patients with diabetes which can cause
progressive damage to the retina. Neuropathy is
dysfunction of one or more peripheral nerves that
typically results in (i) numbness in lower limbs or feet,
(ii) loss of or decreased ankle jerk reflex, and (iii) tingling
sensation. Macrovascular complications including CVD
consisted of coronary artery disease (CAD), ischemic
stroke, and peripheral artery disease.
Statistical analysis
Statistical testing was done using Statistical Package for
the Social Sciences (SPSS) version 22.0. (Armonk NY:
IBM United States). Baseline features were summarized
with descriptive statistics, including median and for
continuous variables, and frequency and percentages for
categorical variables. The data from all the participating
60

physicians were pooled for analysis and evaluable patient
data were analyzed.

Results
Baseline characteristics
A total of 125 health‑care professionals participated in
online surveys. Overall, data from 1345 patients taking
multiple strengths of glimepiride and metformin FDC
were analyzed. The average weight of the patients was
79.0 kg. In this survey, 57.6% of patients belonged to
the overweight group (BMI: 25–29.9 kg/m2), 29.4%
to obese Class I (BMI: 30–34.9 kg/m2), 9.6% to obese
Class II (BMI: 35–39.9 kg/m2), and 3.4% belonged to
obese Class III (BMI ≥40 kg/m2). The average levels
of systolic and diastolic blood pressure were 134.6
and 85.9 mmHg, respectively. The median duration of
T2DM was 6.0 years (range: 0.1–32.0 years). Sedentary
lifestyle (60.3%), smoking (36.7%), and emotional
stress (33.3%) were predominantly observed in patients
with T2DM. Similarly, excess alcohol consumption
was common among these patients (20.5%). The
majority of the patients reported a family history of
T2DM (76.2%) and HTN (33.3%). Neuropathy (28.4%)
and retinopathy (25.0%) were the most common
microvascular complications among patients with
T2DM. The median duration of comorbid conditions
including dyslipidemia, HTN, and nonalcoholic
fatty liver disease was 4.0 years, 5.0 years, and
1.8 years, respectively [Table 1]. HTN (62.2%)
and dyslipidemia (47.1%) were the most common
comorbidities followed by hyperthyroidism (7.8%),

Figure 2: Comorbidities with T2DM. T2DM = type‑2 diabetes

mellitus, COPD = Chronic obstructive pulmonary disease,
HTN = Hypertension, NAFLD = Nonalcoholic fatty liver disease,
PCOS = Polycystic ovary syndrome
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Table 1: Demographic characteristics
Parameters
Age (years), mean (SD)
Sex
Men
Women
Don’t want to disclose
Weight (kg), mean (SD)
Height (m), mean (SD)
BMI (kg/m2), mean (SD)
BMI group (kg/m2)
25.0-29.9
30.0-34.9
35.0-39.9
≥40
Waist circumference (cm),
mean (SD)
Heart rate (BPM)
SBP (mmHg)
DBP (mmHg)
Occupation
Private sector
Self employed
Unemployed
Government services
Manual labour
Professional
Semi‑skilled
Other
Economic class
Rich
Upper middle
Lower middle
Poor
Duration of T2DM (years)
Risk factors
Sedentary lifestyle
Smoking
Emotional stress
Excess salt intake
Excess alcohol
Time spent on digital/TV
Increasing consumption of energy
dense foods and sugar‑rich drinks
Excess tobacco consumption
Family history of
T2DM
HTN
Obesity
Gestational diabetes mellitus

Number of patients (n=1345)*

Overweight (n=775)**

Obese (n=570)#

P

54.8 (11.4)

55.5 (10.8)

53.8 (11.9)

0.006

870 (64.7)
470 (34.9)
5 (0.4)
79.0 (10.0)
1.6 (1.2-1.9)
30.2 (4.6)

539 (69.5)
236 (30.5)
‑
74.8 (6.7)
1.7 (1.5-1.9)
27.2 (1.3)

331 (58.1)
234 (41.1)
5 (0.9)
84.7 (10.9)
1.6 (1.2-1.8)
34.3 (4.4)

<0.001

775 (57.6)
395 (29.4)
129 (9.6)
46 (3.4)
(n=328)
98.7 (16.9)
(n=943)
78.6 (8.3)
(n=1167)
134.6 (12.9)
(n=1167)
85.9 (8.0)
(n=1318)
303 (23.0)
288 (21.9)
274 (20.8)
235 (17.8)
33 (2.5)
104 (7.9)
37 (2.8)
44 (3.3)
(n=1314)
27 (2.1)
880 (67.0)
389 (29.6)
18 (1.4)
6.0 (0.1-32.0)

‑
‑
‑
‑
(n=159)
95.5 (14.6)
(n=529)
77.4 (7.8)
(n=672)
133.3 (12.5)
(n=672)
85.6 (7.6)
(n=757)
187 (24.7)
148 (19.6)
138 (18.2)
153 (20.2)
23 (3.0)
59 (7.8)
21 (2.8)
28 (3.7)
(n=755)
12 (1.6)
492 (65.2)
240 (31.8)
11 (1.5)
6.4 (0.1-32.0)

‑
‑
‑
‑
(n=169)
101.7 (18.3)
(n=414)
80.1 (8.8)
(n=495)
136.5 (13.1)
(n=495)
86.3 (8.4)
(n=561)
116 (20.7)
140 (25.0)
136 (24.2)
82 (14.6)
10 (1.8)
45 (8.0)
16 (2.9)
16 (2.9)
(n=559)
15 (2.7)
388 (69.4)
149 (26.7)
7 (1.3)
5.4 (0.5-27.0)

‑

811 (60.3)
493 (36.7)
448 (33.3)
282 (21.0)
276 (20.5)
203 (15.1)
176 (13.1)

467 (60.3)
294 (37.9)
270 (34.8)
118 (15.2)
155 (20.0)
117 (15.1)
93 (12.0)

344 (60.4)
199 (34.9)
178 (31.2)
164 (28.8)
121 (21.2)
86 (15.1)
83 (14.6)

176 (13.1)
(n=1084)
826 (76.2)
361 (33.3)
241 (22.2)
2 (0.2)

91 (11.7)
(n=579)
442 (76.3)
154 (26.6)
67 (11.6)
1 (0.2)

85 (14.9)
(n=505)
384 (76.4)
207 (41.0)
174 (34.5)
1 (0.2)

<0.001
<0.001
‑

‑
<0.001
<0.001
0.141

0.004

0.128

<0.001
‑

<0.001
<0.001
<0.001
‑

Contd...
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Table 1: Contd...
Parameters
Diabetes complications
Neuropathy
Retinopathy
Nephropathy
CAD
Foot ulcer
PAD
ED
Stroke/TIA
Duration of other comorbidities with
T2DM (years), median (range)
Dyslipidemia

Number of patients (n=1345)*

Overweight (n=775)**

Obese (n=570)#

P

(n=656)
186 (28.4)
164 (25.0)
111 (16.9)
82 (12.5)
59 (9.0)
38 (5.8)
28 (4.3)
16 (2.4)

(n=412)
121 (29.4)
101 (24.5)
69 (16.8)
38 (9.2)
37 (9.0)
19 (4.6)
20 (4.9)
5 (1.2)

(n=260)
65 (25.0)
63 (24.2)
42 (16.2)
44 (16.9)
22 (8.5)
19 (7.3)
8 (3.1)
11 (4.2)

‑

‑
(n=209)
(n=99)
(n=110)
4.0 (0.5-15.0)
5.0 (0.5-15.0)
4.0 (1.0-12.0)
HTN
‑
(n=270)
(n=142)
(n=128)
5.0 (0.4-19.4)
5.0 (1.0-19.4)
4.0 (0.4-12.3)
NAFLD
‑
(n=32)
(n=12)
(n=20)
1.8 (0.3-7.0)
2.0 (0.3-6.0)
1.0 (0.5-7.0)
*n=1345, **n=775, #n=570, unless otherwise specified. Data shown as n (%), unless otherwise specified. ED=Erectile dysfunction, HTN=Hypertension,
NAFLD=Nonalcoholic fatty liver disease, T2DM=Type‑2 diabetes mellitus, TIA=Transient ischemic attack, PAD=Peripheral artery disease, CAD=Coronary
artery disease, BPM=Beats per minute, DBP=Diastolic blood pressure, SBP=Systolic blood pressure, SD=Standard deviation, BMI=Body mass index

sleep apnea (7.4%), arthritis (7.2%), nonalcoholic
fatty liver disease (6.8%), hyperuricemia (4.7%), heart
failure (1.9%), polycystic ovary syndrome (1.3%), and
chronic obstructive pulmonary disease (0.4%) [Figure 2].
Overweight versus obese
The mean age was significantly higher in overweight
patients compared to those with obese patients (55.5 vs.
53.8 years; P = 0.006). Male preponderance was observed
in both overweight (69.5% vs. 30.5% P < 0.001) obese
groups (58.1% vs. 41.1%, P < 0.001). The median
duration of T2DM was longer in overweight patients
than those in obese patients (6.4 vs. 5.4 years, P < 0.001).
Among risk factors, excess salt intake was higher in obese
patients with T2DM compared to overweight patients
with T2DM (28.8% vs. 15.2%). The majority of the obese
patients had a positive family history of T2DM (76.4%)
and HTN (41.0%) [Table 1].
Lipid profiles
Higher BMI was associated with higher levels of
triglycerides and lower levels of HDL cholesterol [Table 2].
Treatment patterns and posttreatment observations
A total of 79.7% of overweight and 82.1% of obese patients
received glimepiride and metformin FDC as a first‑line
therapy. Among available five strengths, of glimepiride 2 mg
and metformin 500/850/1000 mg FDC was most widely
prescribed in 50.5% and 47.4% of patients from overweight
and obese groups, respectively, followed by strength
of glimepiride 1 mg and metformin 500/850/1000 mg
FDC (33.9% and 31.1%), glimepiride 0.5 mg and metformin
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500/1000 mg FDC (8.7% and 13.4%), glimepiride 3 mg and
metformin 850/1000 mg FDC (6.2% and 7.2%). A total of
5.0% and 3.9% of patients, respectively, from the overweight
and obese groups were on insulin therapy (P = 0.307).
During the course of treatment, up‑titration of glimepiride
and metformin FDC was performed in 38.6% and 37.9%
of patients from overweight and obese groups, respectively,
while down titration was performed in 5.2% and 7.2% of
patients from overweight and obese groups, respectively.
Hypoglycemia was reported in 6.5% and 6.0% of patients
from the overweight and obese groups, respectively.
A total of 90.3% and 89.1% of patients, respectively, from
the overweight and obese groups did not observe weight
gain. The majority of the patients from overweight and
obese groups observed blood pressure within optimum
levels (68.5% and 71.4%, respectively) [Table 3].
Other oral antidiabetic drugs
Other oral antidiabetic drugs and concomitant medications
are depicted in Table 4. A total of 51.2% (n = 689) of
patients received glimepiride and metformin FDC along
with other antidiabetic medication. The majority of the
patients (n = 454) received concomitant medications
along with combination therapy. A total of 324 (71.4%)
patients received antihypertensive therapy along with
glimepiride and metformin FDC.
Effect of glimepiride and metformin fixed‑dose combination
on glycemic parameters
A significant reduction in HbA1c, FPG, and PPG
levels was observed postglimepiride and metformin
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FDC treatment with a mean change of 1.4%, 44.3 mg/
dL, and 73.5 mg/dL, respectively (P < 0.001).
Table 2: Lipid profiles across body mass index range in
patients with type‑2 diabetes mellitus
Lipid
parameters

Overweight

Obese I

Obese II

Obese III

TC (mg/dL)

(n=132)
(n=64)
(n=12)
(n=6)
167.0 (52.2) 179.1 (40.5) 164.5 (64.8) 200.0 (0.0)
LDL (mg/dL)
(n=108)
(n=59)
(n=9)
(n=4)
99.5 (24.3)
99.5 (26.2) 105.7 (29.3) 92.0 (14.7)
HDL (mg/dL)
(n=103)
(n=55)
(n=8)
(n=1)
47.7 (18.3)
46.5 (15.0)
57.0 (11.5)
36.0
TG (mg/dL)
‑
(n=107)
(n=62)
(n=9)
159.3 (46.5) 164.2 (51.1) 170.2 (44.9)
Data shown as mean (SD). HDL=High density lipoprotein, LDL=Low
density lipoprotein, TC=Total cholesterol, TG=Triglycerides,
SD=Standard deviation

Among overall patients, posttreatment of glimepiride
and metformin FDC therapy significantly reduced
the levels of HbA1c (8.3 vs. 7.0%; P < 0.001),
FPG (173.0 vs. 128.6 mg/dL; P < 0.001), and
PPG (240.2 vs. 166.7 mg/dL, P < 0.001) as compared
to pretreatment levels [Figure 3].
Reduction in HbA1c, FPG, and PPG levels was observed
postglimepiride and metformin FDC treatment in both
patients who had insulin and those without insulin dose.
Posttreatment of glimepiride and metformin FDC therapy
reduced the levels of HbA1c (mean change: 1.9% and
1.4%, respectively), FPG (mean change: 44.4 mg/dL
and 44.3 mg/dL, respectively), and PPG (mean change
95.6 mg/dL and 72.5 mg/dL, respectively) in both
patient who had insulin and those without insulin
dose [Figure 4a-c].

Figure 3: Change in glycemic parameters. FPG = Fasting plasma glucose, HbA1c = Hemoglobin A1c, PPG = Postprandial plasma glucose

a

b

c

Figure 4: (a) HbA1c levels, (b) FPG levels, and (c) PPG levels with respect to insulin and noninsulin groups. HbA1c = Glycated

hemoglobin, FPG = Fasting plasma glucose, PPG = Postprandial plasma glucose

Figure 5: Glycemic outcomes related to different age groups
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Table 3: Treatment patterns and posttreatment observations
Parameters

Overweight (n=775)**

Use of glimepiride and metformin FDC
First line therapy
Second line therapy
Dosage of glimepiride and metformin FDC
Glimepiride 0.5 + metformin (500/1000 mg)
Glimepiride 1.0 + metformin (500/850/1000 mg)
Glimepiride 2.0 + metformin (500/850/1000 mg)
Glimepiride 3.0 + metformin (850/1000 mg)
Glimepiride 4.0 + metformin (1000 mg)
Duration of glimepiride and metformin FDC therapy (years)

618 (79.7)
157 (20.3)
(n=769)
67 (8.7)
261 (33.9)
388 (50.5)
48 (6.2)
5 (0.7)
(n=464)
2.0 (0.1-17.0)
39 (5.0)
Patients on insulin, n (%)
Up‑titration of glimepiride and metformin
299 (38.6)
Up‑titrated dose of glimepiride (mg)
(n=261)
0.5
19 (7.3)
1
87 (33.3)
2
123 (47.1)
3
21 (8.0)
4
11 (4.2)
Up‑titrated dose of metformin (mg)
(n=268)
500
112 (41.8)
850
21 (7.8)
1000
135 (50.4)
Down‑titration of glimepiride and metformin FDC
40 (5.2)
Down‑titrated dose of glimepiride (mg)
(n=38)
0.5
12 (31.6)
1
12 (31.6)
2
8 (21.1)
3
6 (15.8)
4
‑
Down‑titrated dose of metformin (mg)
(n=37)
500
17 (45.9)
850
5 (13.5)
1000
15 (40.5)
Lipid parameter within optimal levels
533 (68.8)
Hypoglycemia within 6 months
50 (6.5)
Weight gain within 6 months
75 (9.7)
Blood pressure within optimum levels
531 (68.5)
Adherence to diet
(n=995)
Meeting caloric prescription sometimes
448 (45.0)
Always meeting caloric recommendation
418 (42.0)
Missing caloric prescription
75 (7.5)
Exceeding caloric prescription every day
54 (5.4)
**n=775, #n=570. Data shown as n (%), unless otherwise specified. FDC=Fixed‑dose combination

Reduction in glycated hemoglobin with respect to age
groups
Higher reduction in HbA1c levels (>35%) was
observed in the age group of ≥40–50 years (n = while
lower reduction was observed in the age group of
≥50–60 years (n = 51) [Figure 5].
Reduction in glycated hemoglobin with respect to duration
of type‑2 diabetes mellitus
Higher reduction in HbA1c levels (>35%) was observed in
patients with lower duration of T2DM (≥2–<4 years [n = 3])
64

Obese (n=570)#

P

468 (82.1)
102 (17.9)
(n=559)
75 (13.4)
174 (31.1)
265 (47.4)
40 (7.2)
5 (0.9)
(n=275)
2.0 (0.2-13.0)
22 (3.9)
216 (37.9)
(n=202)
7 (3.5)
73 (36.1)
96 (47.5)
18 (8.9)
8 (4.0)
(n=198)
65 (32.8)
19 (9.6)
114 (57.6)
41 (7.2)
(n=38)
6 (15.8)
8 (21.1)
7 (18.4)
12 (31.6)
5 (13.2)
(n=38)
14 (36.8)
6 (15.8)
18 (47.4)
445 (78.1)
34 (6.0)
62 (10.9)
407 (71.4)
(n=522)
229 (43.9)
234 (44.8)
32 (6.1)
27 (5.2)

0.277

0.067

0.069
0.307
0.798
0.504

0.141

0.122
0.043

0.726

<0.001
‑
‑
0.255
‑

while lower reduction was observed in patients with lower
as well as higher duration of T2DM (≥4–<6 years [n = 33],
≥6–<8 years [n = 33], and ≥8–<10 [n = 32]) [Figure 6].
Other management strategies
Among other management strategies, dietary modification
(54.3%) was the most common modality followed
by 30 min of walk (51.7%), recording of glucose
measurements (41.0%), weight loss programs (36.4%),
recording of blood pressure measurements (33.1%), and
low sodium diet (24.7%) [Figure 7].
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Efficacy and tolerability
The overall global assessment for efficacy and
tolerability was good to excellent scale for a majority
of the patients (90.3% and 91.1%, respectively)
[Figure 8a and b]. During survey, each of the participating
HCP was asked to respond for efficacy and tolerability
(from Fair to Excellent) for each of the patients.

Discussion
Obese individuals with T2DM pose a significant risk of
premature CVDs with increased morbidity and mortality.
Therefore, early diagnosis and subsequent management
are fundamental steps in alleviating morbidities and
mortality. Current evidence highlights the alarming rise
in the prevalence of obesity in patients with T2DM.
Literature supports the safety and effectiveness of
glimepiride and metformin FDC in lowering levels
of HbA1c including other beneficial effects such as
minimal weight gain. The present study determined
the usage pattern of glimepiride and metformin FDC
in the overweight or obese patients in the Indian cohort
diagnosed with T2DM.
The key observations of this study were (i) male
preponderance; (ii) sedentary lifestyle, smoking, and
emotional stress were predominantly observed in
Table 4: Oral antidiabetic and concomitant medications
Agents

Number of patients
(n=1345)

OADs (n=689)
DPP‑4 inhibitors
446 (64.7)
SGLT‑2 inhibitors
184 (26.7)
AGIs
66 (9.6)
Thiazolidinedione
20 (2.9)
Other concomitant medications (n=454)
Antihypertensive
324 (71.4)
Statins
278 (61.2)
Antiplatelet
116 (25.6)
Other
145 (31.9)
Data shown as n (%). DPP‑4=Dipeptidyl peptidase‑4, OADs=Oral
antidiabetic, SGLT‑2=Sodium‑glucose cotransporter‑2, AGIs=Alpha
glucosidase inhibitors

patients; (iii) most commonly used daily regimen was
glimepiride 2 mg and metformin 500/850/1000 mg
FDC in overweight or obese patients with T2DM; (iv)
hypoglycemia were reported in 6.5% and 6.0% of
patients and weight gain was observed in 9.7% and
10.9% of patients from the overweight and obese
groups, respectively; (v) majority of patients from
overweight and obese groups observed blood pressure
within optimum levels; (vi) mean HbA1c, FPG, and
PPG levels significantly decreased posttreatment with
glimepiride and metformin FDC; and (vii) the overall
global assessment for efficacy and tolerability was good
to excellent scale for a majority of the patients suggesting
an overall good response.
Different studies have documented that the prevalence
of obesity in patients with T2DM is considerably
higher in adult women than in men.[13,14] A study by
Daousi et al. reported the prevalence of women patients
over men among the obese patients with T2DM
(67.3% vs. 32.7%).[15] Another evidence‑based Turkish
nationwide survey of glycemic and other Metabolic
parameters of patients with Diabetes mellitus (TEMD
study) Obesity Study reported the prevalence of obesity
nearly in 90% of Turkish patients with type 2 diabetes.
Further authors also reported that women with T2DM
were having 2.5 times greater risk of developing obesity
than men and have a 16.5% prevalence of severe
obesity.[16] The recent national health survey from India
revealed that the adult‑aged women (35–49 years) age
group had a greater prevalence of obesity‑associated
T2DM than young adult individuals (18–34 years).[17] In
contrast to previous studies in the literature, the present
study showed a significantly higher male preponderance
in the overall overweight and obese patients than women.
The higher incidence of T2DM among obese men may be
attributable to the high prevalence of sedentary lifestyle,
smoking, and excessive alcohol consumption witnessed
in the population.
A recently published cross‑sectional study demonstrated
that alcohol consumption, smoking, obesity, and family
history of DM were significantly associated with the

Figure 6: Glycemic outcomes related to duration of diabetes
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a

b

Figure 8: (a) Physicians’ global evaluation of efficacy, (b) physicians’

global evaluation of tolerability

Figure 7: Other management strategies

prevalence of diabetes.[18] Similarly, sedentary lifestyle,
smoking, emotional stress, obesity, and family history
were the most common risk factors observed in this study.
These findings are in concordance with Agrawal et al.
and Keller et al., wherein alcohol consumption, sedentary
lifestyle, smoking, overnutrition, and physical inactivity
were the factors shown to be strongly associated with
T2DM.[19,20] Furthermore, data from the Asian study
indicated that concurrent use of alcohol and tobacco has
a synergistic effect on diabetes risk.[21]
Glimepiride in combination with metformin is not only
safe and effective in providing better glycemic control
with good durability but also an easily accessible approach
for the management of T2DM with complications.[22] In
this study, 50.5% and 47.4% of patients, respectively,
from overweight and obese groups were on glimepiride
2.0 and metformin 500/850/1000 mg FDC therapy. These
observations concord with SUs consensus statement of
South Asia Federation of Endocrine Societies, wherein
they recommended the use of glimepiride as preferred
agents for the management of overweight or obese
patients with T2DM.[23] Similarly, Unnikrishnan et al.
reported various strengths of glimepiride and metformin
FDC therapy for the management of overweight or
obese patients with T2DM in India. They reported,
a total of 667 (46.6%) patients were on glimepiride
2 mg and metformin 500/850/1000 mg FDC which is
similar to the present study.[10] Hypoglycemia is a major
limiting factor in tight glycemic management in patients
with T2DM. Among the overall patients, a significant
reduction in HbA1c, FPG, and PPG levels was observed
postglimepiride and metformin FDC treatment (P < 0.05)
with minimal hypoglycemia and weight gain effects.
The risk of severe hypoglycemia was observed only in
0.6% of patients. These results are in accordance with the
previous consensus report in which they recommended
66

glimepiride over conventional sulphonylureas in
overweight or obese T2DM patients due to less risk of
hypoglycemia.[23] Similarly, a multicenter study from
Korea suggested that glimepiride and metformin FDC
provides greater reductions in HbA1c (6.6% vs. 7.0%)
and the adjusted mean difference between groups was
0.4% with statistical significance (P < 0.001).[24]
These observations corroborate the previous study
findings indicating the effectiveness of high‑dose
metformin in achieving good glycemic control with
weight neutral effect.[25] Glimepiride and metformin
FDC offered advantages including improved glycemic
control with minimal side effects such as weight gain
and hypoglycemia. Previous real‑world evidence
from India have demonstrated the superior efficacy
of glimepiride and metformin FDC therapy for
the treatment of early as well as long‑standing
diabetes.[22] A previous real‑world study conducted
among 1211 patients with T2DM showed that
glimepiride and metformin FDC was effective in
achieving the targeted glycemic control with weight
neutral effect.[26] Various evidence suggests that the
treatment with all the strengths of the glimepiride and
metformin FDCs are widely prescribed in diabetes
with or without comorbidities for optimal glycemic
control with a minimal risk of hypoglycemia, CVD
risk, and weight gain events.[10,22,27,28] In agreement with
previous observations glimepiride and metformin FDC
was associated with lower propensity to cause weight
gain. In the present study, <10% of patients from both
overweight and obese groups observed weight gain.
Glimepiride and metformin FDC showed favorable
safety and tolerability in terms of cardiovascular
profile as compared to older generation sulfonylureas.
A large retrospective cohort study showed the clinical
evidence of a trend toward an increased overall mortality
risk with glyburide or glipizide versus glimepiride
in those with CVD and preferred glimepiride in
those with underlying CAD. [29] The Cardiovascular
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Outcome Study of Linagliptin vs. Glimepiride in Type 2
Diabetes (CAROLINA) reaffirmed the clinical safety
of SUs as add‑on therapy to metformin in patients
with early T2DM and elevated cardiovascular risk.[30]
The randomized, multicenter Thiazolidinediones Or
Sulfonylureas Cardiovascular Accidents Intervention
Trial (TOSCA. IT) was performed to study the incidence
of cardiovascular (CV) events following the addition of
pioglitazone versus glimepiride to metformin in patients
with T2DM. The study showed that the incidence of CV
events was similar with sulfonylureas and pioglitazone
as add‑on therapy to metformin, thereby highlighting
the CV safety of glimepiride.[31] Similarly, in the present
study majority of patients were from overweight and
obese group observed blood pressure within optimum
levels.
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Limitations
The authors acknowledge a few limitations of this
study. First, the study is a retrospective analysis that has
inherited limitations including selection bias or recall
bias. Hence, there is a need for well‑designed prospective
studies to validate these results. In dual combination
drug, there may be challenges in evaluating the adverse
events which may have been caused due to any one of
the drugs. However, this is an inherent challenge in
FDC therapy. In addition, there may be challenges in
increasing/decreasing the dose or in final stage titration
with individual ingredients however, an availability of
different FDC formulations may help with this issue.
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Abstract
Background: There is an increasing need to revise diabetes management. Two‑thirds of patients with diabetes do not have
their blood sugar under control. There has been increasing evidence suggesting the positive impact of diet and lifestyle on
blood sugar control. This study aims to demonstrate the adoption of the Glucose Level‑Assisted Monitoring Diet (GLAM diet)
validated by the aid of ambulatory glucose profiling and examine the impact of the GLAM diet on blood glucose concentration,
lipid profile, and glucose variability. Methods: In this open‑label, interventional pilot study, we enrolled 50 diabetes patients
with or without hypertension to receive a GLAM diet, in addition to counseling. The primary outcome was the control and
remission of diabetes. The secondary outcome was a composite of optimal maintenance of glucose concentration, optimal lipid
profile, glucose variability evaluation, reduced insulin supplementation, diabetes‑related complications following the GLAM
diet, lifestyle modification, and overall quality of life through indicators such as sleep, stress, and nutrition. Results: GLAM
diet significantly reduced Fasting Blood Sugar (FBS) (202 ± 65.47 mg/dL vs. 160.2 ± 37.75 mg/dL, P < 0.001), postprandial
blood sugar (PPBS) (246.1 ± 74.74 mg/dL vs. 196.5 ± 45.48 mg/dL, P < 0.001), laboratory glycated‑hemoglobin (9.2 ± 1.74%
vs. 8.1 ± 1.5%, P < 0.001), and average glucose (182.4 ± 47.54 mg/dL vs. 152.2 ± 39.32 mg/dL, P < 0.001). The glucose
remained within target increasing frequently after the diet was implemented (49.7 ± 27.11% vs. 65.6 ± 20.01%, P < 0.001) and
although fell just short of statistical significance, there was a percentage decrease in glucose level above target (46.6 ± 29.17%
vs. 27.6 ± 22.71%, P = 0.109) observed in the study group. Patients also experienced significantly reduced body weight, body
mass index, waist circumference, hip circumference, body fat percentage, and Mean amplitude of glycemic excursions (MAGE),
Continuous overall net glycemic action (CONGA), and standard deviation values in comparison to baseline. Conclusion:
Patients initiated onto the GLAM diet had better glycemic control, lipid profile, and glucose variability along with enhanced
sleep, reduced stress, and improved nutrition understanding in study participants. In conclusion, the GLAM diet apart from
reducing glycemic burden also helped to improve the overall quality of life.
Keywords: Blood glucose, blood sugar control, glucose level assisted monitoring diet, glucose variability, glycemic control,
lifestyle, nutrition, Type 2 diabetes

Introduction
Type 2 diabetes is a chronic, incurable lifestyle
disease.[1,2] It is estimated that the number of persons
with diabetes will rise from the current value of about
537 million to 643 million by 2030 worldwide. With an
increase in prevalence, there is a subsequent increase
in the economic burden associated with the disease and
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its treatment.[3‑5] On average, an Indian with diabetes
consumes 5.56 medications, out of which more than two
medication is for the management of diabetes.[6] Despite
the intense medication strategies, two‑thirds of patients
with diabetes tend to have uncontrolled diabetes.[7] This
therapeutic lack and mounting evidence of nutritional
and exercise favoring glucose control have steered the
treatment toward lifestyle modifications.[8] With multiple
diet options available claiming to keep blood glucose in
check, one might feel overwhelmed choosing the diet
for an individual.[9] What if we customize the diet based
on glucose response instead? Glucose Level Assisted
Monitoring Diet (GLAM diet), a process that makes
recommendations based on glucose level readings,
has been developed. This process does not include any
supplementation, dietary intolerance and can be adapted
by all age groups indefinitely. The process involves
counseling patients with knowledge on nutrition and
disease management to prevent secondary complications.
The aim of the study is to demonstrate the adoption
of the GLAM diet validated by the aid of ambulatory
glucose profiling (AGP) generated by the Freestyle
Libre Pro (FSLP) system and to examine the impact of
the GLAM diet on glucose concentration, lipid profile,
and glucose variability.
FSLP system is a novel system that provides 1344
glucose level readings through a coin‑sized sensor
inserted into the outer aspect of the upper arm for
the AGP generation. This single‑use on‑body sensor
uses wired enzyme technology (osmium mediator
and glucose oxidase enzyme co‑immobilized on an
electrochemical sensor) to continuously measure the
interstitial fluid glucose every 15 min. It has a reader
that downloads the data collected by the sensor and
proprietary software that uses these data to prepare
graphs depicting the mean glucose values as well as
glycemic variability at different times of the day during
a 14‑day monitoring period.[10]

Methods
Study design and patients
This is an open‑label, interventional pilot study
conducted for 1 year (August 2018–July 2019). The study
was approved by the American Council on Education
Independent Ethics Committee and written consent was
administered to all patients before enrollment. Patients
with established type 2 diabetes mellitus receiving
oral hypoglycemic agents and nutritional therapy at
NutriAffair were recruited for the study.
70

Eligibility criteria included the age ranging between 18
and 60 years, established diagnosis of type 2 diabetes
on nutritional therapy with or without hypertension.
Patients were excluded if they had prediabetes or were on
insulin therapy, had type 1 diabetes mellitus, had bariatric
surgery, or had a substance abuse history.
Sampling
Participants who met the study criteria and provided
consent for study enrollment were recruited as per the
investigator’s judgment.
Trial procedure
After enrollment, the patient’s baseline AGP was
monitored along with glycemic response to dietary
intake, hip and waist measurements, body mass
index (BMI), lipid profile, and blood pressure. Based on
the predicted glucose pattern, an individualized diet plan
was administered to the patients. The principles of dietary
intervention are of two‑pronged nature. AGP graphs
were used to understand the foods best suited for the
individual. Based on which, the diet plan was delivered
to prevent any extreme fluctuations in blood glucose and
to maintain it in an optimal range of 80–180 mg/dl. No
changes were made to the patient’s pharmacotherapeutic
regimen. Patients were encouraged to do a minimum
of 30 min of physical activity a day. Patient‑specific
guidance was provided in case of physical activity
limitations. Glucose levels were monitored and profiled
using values generated by the FSLP system (Abbott
Diabetes Care).
There were no fixed dietary plans as glycemic response
varies vastly among individuals. The diet plan was a
plant‑based and all‑natural diet inclusive of local fruits,
grain, and vegetable produce. Simple grains were
replaced with readily available complex carbohydrates.
The portion sizes were monitored and the patients were
individually guided on the healthy plate concept of 25%
complex carbohydrates, 25% protein, and 50% fruits and
vegetables with a small portion of good fats and dairy
products. Food group‑wise distribution of macronutrients
was not advised in patients as they can be restrictive in
nature. No additional supplements were provided for
the subjects. The domestic nature of the product would
reduce the economic burden on the subject and promote
sustained dietary and lifestyle modifications. In addition,
patients were counseled on the effects of hypo‑  and
hyperglycemia including ways to minimize such
episodes. Patients were also educated on food and their
glycemic index values for a sustainable self‑management
for their long‑term health care. Two weeks before the
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end of 3‑month period, AGP and other laboratory values
were reevaluated for the second time along with sleep,
stress, and understanding levels to assess the effect of
the intervention on type 2 diabetes mellitus.
Outcomes
The primary objective was to control and remission of
type 2 diabetes through the GLAM diet and lifestyle
modification. The secondary objective was a composite
of optimal maintenance of glucose concentration, optimal
lipid profile, and glucose variability evaluation following
the GLAM diet and lifestyle modification and overall
quality of life through indicators such as sleep, stress,
and nutrition.

BMI (28.9 ± 4.99 kg/m2 vs. 27.6 ± 4.54 kg/m2, P < 0.001),
waist circumference (36.5 ± 5.12 inches vs. 34.8 ± 4.84
inches, P < 0.001), hip circumference (41.4 ± 5.59
inches vs. 39.6 ± 5.09 inches, P < 0.001), and body
age (60 ± 11.14 inches vs. 55.9 ± 11.14 inches,
P < 0.001) compared to the baseline. However, there
was no statistical mean difference in a waist‑to‑hip
ratio (0.9 ± 0.09 inches vs. 0.9 ± 0.09 inches, P = 0.533).

Statistical analysis
The collected data were documented in Excel sheet
and were analyzed using EPI (Epi Info™, Division of
Health Informatics and Surveillance (DHIS), Center for
Surveillance, Epidemiology and Laboratory Services
(CSELS), USA)/SPSS software (Statistical Package for
the Social Sciences), IBM Statistics, USA). The descriptive
statistics were examined using the Chi‑square test, Student’s
t‑test, and other applicable statistical tests as applicable.

There was a significant reduction in body fat percentage
(36.5 ± 6.14% vs. 34.3 ± 5.44%, P < 0.001), lean
body mass (50.5 ± 9.76% vs. 49.6 ± 9.5%, P < 0.001),
visceral fat (14.1 ± 6.29 vs. 12.7 ± 5.39, P < 0.001),
low‑density lipoprotein (LDL) (115.8 ± 26.84 mg/
dL vs. 106.7 ± 24.45 mg/dL, P < 0.001), very
LDL (42 ± 17.39 mg/dL vs. 36.5 ± 14.43 mg/dL,
P < 0.001), serum triglycerides (196.7 ± 75.42 mg/dL vs.
170.4 ± 57.81 mg/dL, P < 0.001), albumin (4.9 ± 0.42 g/
dL vs. 4.7 ± 0.36 g/dL, P < 0.001), and systolic
blood pressure (SBP) (131.1 ± 19.52 mmHg vs.
126.3 ± 11.05 mmHg, P = 0.021). Diastolic blood pressure
(DBP) (87.8 ± 9.24 mmHg vs. 91 ± 10.18 mmHg,
P < 0.001) was found to be uncharacteristically increased.
High‑density lipoprotein (HDL) (42.8 ± 8.27 mg/dL vs.

Results

Table 1: Characteristics of the patients at baseline

From August 2018 to July 2019, a total of 50 patients
were enrolled in the study. No patients were lost to
follow‑up [Figure 1]. The patients were predominantly
female (n = 33, 66%) and the mean (±standard
deviation [SD]) chronological age was 45.4 ± 10.68 years
at baseline [Table 1]. Thirty‑one patients (62%) had
a family history of diabetes and one patient (2%) had
diabetic complications. During enrollment, seven
patients (14%) had abnormal blood pressure, two
patients (4%) had high cholesterol, and four patients (8%)
had defective thyroid functions [Figure 2].
Outcomes
GLAM diet significantly reduced body
weight (76.8 ± 16.79 kg vs. 73.7 ± 15.65 kg, P < 0.001),

Characteristic

Minimum

Maximum

Median

Mean±SD

Age (year)
18
60
47
45.4±10.68
BMI (kg/m2)
20.7
43.1
27.9
28.9±4.99
Waist‑to‑hip
0.75
1.17
0.9
0.9±0.09
ratio
Body fat (%)
24.5
49.5
37.1
36.5±6.14
Lean body
34.5
73.2
50.7
50.5±9.76
mass (%)
RM (calories
1120
2165
1552
1572.6±285.35
per day)
Laboratory
6.4
13.1
8.9
9.2±1.74
HbA1c (%)
STG (mg/dL)
95
459
185
196.7±75.42
TC (mg/dL)
106
264
198
185.8±36.36
BMI: Body mass index, HbA1c: Glycated‑hemoglobin, RM: Resting
metabolism, SBP: Systolic blood pressure, STG: Serum triglyceride, TC:
Total cholesterol

Figure 1: Study subjects’ flow diagram. BMI: Body mass index, GLAM: Glucose level assisted monitoring diet, HbA1c: Glycated‑hemoglobin,

T2D: Diabetes Type II
Chronicle of Diabetes Research and Practice ¦ Volume 1 ¦ Issue 2 ¦ July-December 2022

71

Jaggesh and Surendra: Impact of diet on diabetes management

43.6 ± 7.42 mg/dL, P < 0.001) and total protein (7.2 ± 0.4 g/dL
vs. 6.9 ± 0.42 g/dL, P < 0.001) positively increased
in GLAM administered subjects. There was a
reduction in total cholesterol (185.8 ± 36.36 mg/dL
vs. 170.3 ± 36.51 mg/dL, P = 0.227), although not
significant.

Sleep conditions significantly improved in the study
population; 80% of patients experienced regular
sleep compared to 46% before diet (disturbed: 16%
vs. 46%, moderate: 8% vs. 4%, and regular: 80%
vs. 46%, P = 0.002) [Table 3]. All patients had

There was a significant beneficial decrease in FBS
(202 ± 65.47 mg/dL vs. 160.2 ± 37.75 mg/dL, P < 0.001),
PPBS (246.1 ± 74.74 mg/dL vs. 196.5 ± 45.48 mg/dL,
P < 0.001), estimated glycated‑hemoglobin (HbA1c)
(8.1 ± 1.6% vs. 6.9 ± 1.36%, P < 0.001), laboratory
HbA1c (9.2 ± 1.74% vs. 8.1 ± 1.5%, P < 0.001),
and average glucose (182.4 ± 47.54 mg/dL vs.
152.2 ± 39.32 mg/dL, P < 0.001). The glucose
remained within target increasing frequently after
the diet was implemented (49.7 ± 27.11% vs.
65.6 ± 20.01%, P < 0.001) and although fell just short
of statistical significance, there was a percentage
decrease in glucose level above target (46.6 ± 29.17%
vs. 27.6 ± 22.71%, P = 0.109) observed in the study
group [Figure 3].

Table 2: Outcomes of interest

Glucose fluctuations were also kept under control
after diet implementation in comparison to baseline
with decrease in MAGE, CONG, and SD values. Their
values as follows: MAGE 2nd (118.7 ± 30.54 mg/dL
vs. 111.2 ± 23.89 mg/dL, P = 0.246), MAGE 13 th
(88.3 ± 26.84 mg/dL vs. 82.7 ± 21.63 mg/dL, P < 0.001),
CONG 2 nd (157.9 ± 59.96 mg/dL vs. 125.6 ±
4 6 . 0 6 m g / d L , P < 0 . 0 0 1 ) , C O N G 1 3 th
(136.7 ± 45.73 mg/dL vs. 108.1 ± 33.15 mg/dL, P < 0.001),
mean 2nd (197.4 ± 64.06 mg/dL vs. 160.2 ± 50.5 mg/dL,
P < 0.001), mean 13 th (166.9 ± 49.74 mg/dL vs.
136 ± 38.59 mg/dL, P = 0.031), SD 2nd (53.9 ± 16.32 mg/dL
vs.46.3±21.69mg/dL,P=0.467),andSD13th(37.1±14.12mg/dL
vs. 34.9 ± 19.27 mg/dL, P = 0.004) [Table 2 and
Figure 4].

Characteristic

Pre±SD
(n=50)

Post±SD
(n=50)

t

P

Weight (kg)
76.8±16.79
73.7±15.65
8.16 <0.001
BMI (kg/m2)
28.9±4.99
27.6±4.54
8.24 <0.001
Waist‑to‑hip
0.9±0.09
0.9±0.09
0.63
0.533
ratio
Body fat (%)
36.5±6.14
34.3±5.44
9.04 <0.001
Lean body
50.5±9.76
49.6±9.5
6.84 <0.001
mass (%)
RM (calories
1572.6±285.35
1547.9±283.46 1.86
0.069
per day)
Laboratory
9.2±1.74
8.1±1.5
7.62 <0.001
HbA1c (%)
STG (mg/dL)
196.7±75.42
170.4±57.81
4.44 <0.001
TC (mg/dL)
185.8±36.36
170.3±36.51
1.22
0.227
BMI: Body mass index, HbA1c: Glycated‑hemoglobin, RM: Resting
metabolism, STG: Serum triglyceride, TC: Total cholesterol

Table 3: Sleep pattern pre‑ and postdiet
Sleep
parameter
Disturbed
Moderate
Regular
Total

Count (%)
Presleep
pattern
23 (46.0)
4 (8.0)
23 (46.0)
50 (100.0)

Postsleep pattern
Disturbed

Moderate

Regular

8 (34.8)
0
0
8 (16.0)

1 (4.3)
1 (25.0)
0
2 (4.0)

14 (60.9)
3 (75.0)
23 (100.0)
40 (80.0)

Table 4: Nutrition understanding pre‑ and postdiet
Knowledge
parameter
No
Yes
Total

Count (%)
Preknowledge
of nutrition

Postknowledge of nutrition

49 (100.0)
1 (100.0)
50 (100.0)

Yes

No

49 (100.0)
1 (100.0)
50 (100.0)

0
0
0

Table 5: Stress pattern pre‑ and postdiet
Stress
parameter

Figure 2: Patient’s comorbidities
72

Low
Moderate
High
Total

Count (%)
Prestress
level
8 (100.0)
28 (100.0)
14 (100.0)
50 (100.0)

Poststress level
Low

Moderate

High

7 (42.9)
16 (87.5)
6 (57.1)
29 (58.0)

1 (57.1)
12 (12.5)
8 (42.9)
21 (42.0)

0
0
0
0
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Figure 3: Study parameters pre‑ and postdiet. BMI: Body mass index, FBS: Fasting blood sugar; HbA1c: Glycated‑hemoglobin, HDL:

High‑density lipoprotein, LDL: Low‑density lipoprotein, PPBS: Postprandial blood sugar, VLDL: Very‑low‑density lipoprotein, GLAM:
Glucose level assisted monitoring diet

optimal understanding of nutrition by the end of
the study [Table 4]. No single patient in the study
demonstrated high levels of stress postintervention,
which is a significant reduction from 28% prediet (low
stress: 58% vs. 16%, moderate stress: 42% vs. 56%, and
high stress: 0.0% vs. 28%, P = 0.123) [Table 5].

food groups such as the ones that restrain starch or
carbohydrate, and it is a nonextreme diet in comparison
to diet that mimics fasting or has a meal replacement. This
is the first literature on glucose level assisted monitoring
focusing on the Indian population. The said diet produced
significant results despite only being administered for
3 months.

Discussion

Dietary management approaches for improved glycemic
control in patients with type 2 diabetes may depend on
the use of diets with a low‑glycemic index instead of
using a standard low‑fat diet. A randomized study by
Pavithran et al., conducted among 40 Indian patients
on low‑glycemic index South Indian for 6 months
demonstrated similar HbA1c reduction of 0.8% compared
to 1.1% in our study.[11] Another randomized control trial
by Tang and Lin administered fasting‑mimicking diet and
specific meal replacement in 100 patients with type 2
diabetes and concluded a similar mean HbA1c (1.36% vs.

In this open‑label, interventional study involving patients
with type 2 diabetes, favorable results were observed
in glucose concentration, lipid profile, and glucose
variability after the implementation of GLAM diet. In
addition, the subjects also demonstrated enhanced sleep
pattern, reduced stress level, and increased understanding
of nutrition.
This study has a number of strengths. GLAM is an
all‑inclusive diet that does not exclude any specific
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Figure 4: (a) MAGE, (b) CONG, (c) mean and (d) standard deviation box plot

1.1%) and fasting blood glucose reduction (41.58 mg/dL
vs. 41.8 mg/dL). However, the mean fasting blood glucose
was lower in this study (88.92 mg/dL) compared to our
study (49.6 mg/dL) which could be easily accounted
by intense restriction in patient’s diet. This diet also
displayed superior blood pressure and lipid control with
the following mean difference values SBP (−14.18 mmHg
vs. −4.8 mmHg), DBP (−10.98 mmHg vs. +3.2 mmHg),
STG (−31.5 mg/dL vs. −26.3 mg/dL), TC (−50.04 mg/dL
vs. −15.4 mg/dL), HDL (+18.9 mg/dL vs. +0.7 mg/dL),
and LDL (−33.48 mg/dL vs. −9.1 mg/dL).[12]
Our study has some important limitations. First, our
sample size was small. There is no control group
to compare the study group results with. However,
the limited sample size enabled the investigator to
better focus on the patient’s behavior, monitoring,
and outcome. Another one is the application of the
intervention – considering the socioeconomic status of
the Indian population.

Conclusion
This study examined the effectiveness of GLAM diet
in patients with type 2 diabetes. After counseling
74

and administering the diet for 3 months in total
50 patients, the values suggest that the diet had better
glycemic control, lipid profile, and glucose variability.
In addition to glycemic benefits, there were also
positive effects on quality of life indicators such
as sleep, stress, and nutrition. Further randomized
control investigations on larger samples are needed to
establish the benefit of GLAM diet in type 2 diabetes
control and remission.
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Abstract
Iatrogenic hypoglycemia is the most feared and common complication of insulin therapy. Hypoglycemia can have serious
consequences and can be potentially life‑threatening. In addition to the neurological manifestations of severe hypoglycemia,
hypoglycemia may be associated with cognitive dysfunction, cardiovascular events, arrhythmias, and increased mortality.
Recurrent episodes of hypoglycemia may lead to hypoglycemia unawareness, which increases the risk of severe hypoglycemia.
Therefore, prevention of hypoglycemia remains a priority in persons with diabetes on insulin therapy. The “THINK” strategy
provides a comprehensive approach for diabetes care providers to minimize the risk of hypoglycemia related to insulin therapy
by mitigating factors that increase the risk. This requires setting reasonable glycemic Targets keeping in mind a person’s risk of
hypoglycemia; choosing the right Tools such as insulin formulation and regimen with lower risk and adequate glucose monitoring;
judicious Titration of insulin doses; use of modern Technology such as continuous glucose monitoring, continuous subcutaneous
insulin infusion, and sensor augmented pumps in patients at high risk; maintaining Harmony between insulin dose, diet, physical
activity, and changes in lifestyle; Individualization of diabetes therapy; ensuring there are No errors in insulin administration;
and empowering patients with Knowledge about hypoglycemia. The THINK strategy offers a handy tool for tailoring insulin
therapy to minimize hypoglycemia risk.
Keywords: Hypoglycemia prevention, hypoglycemia unawareness, hypoglycemia, insulin therapy, nocturnal hypoglycemia,
severe hypoglycemia

Introduction
Iatrogenic hypoglycemia is the most feared
complication of insulin therapy.[1] It can significantly
add to diabetes‑related morbidity and can be potentially
life‑threatening. The fear of hypoglycemia with insulin
among persons with diabetes as well as diabetes care
providers poses a formidable barrier to its optimal
utilization.
Hypoglycemia Assessment Tool study reported a
high incidence of self‑reported hypoglycemia in
individuals with Type 1 diabetes mellitus (T1DM) and
Type 2 diabetes mellitus (T2DM) with overall rates
(events/patient‑year) of 73.3 in T1DM and 19.3 in T2DM.
Severe hypoglycemia was reported at an event rate of 4.9
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in T1DM and 2.5 in T2DM.[2] Even though hypoglycemia
is less common in T2DM than T1DM, the risk remains
significant in persons with T2DM on insulin, especially
in elderly and those with long‑standing disease or
comorbidities.[3] In a meta‑analysis of population‑based
studies including 532,542 patients with T2DM, the
incidence of hypoglycemia was 23/person‑year for
mild–moderate episodes and 1/person‑year for severe
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episodes in patients on insulin.[4] The occurrence of
asymptomatic hypoglycemia with insulin therapy seems
to be even higher. Continuous glucose monitoring (CGM)
studies suggest that the incidence of asymptomatic
episodes can be as high as 63% in T1DM and 47% in
T2DM.[5]
With the advent of more physiological insulin
preparations and modes of delivery, while a clear
reduction in the incidence of severe hypoglycemia
is reported in clinical trials, the occurrence of severe
episodes in observational studies continues to remain
high.[6] The estimated rates of severe hypoglycemic
events are 110–320/100 patient‑years in T1DM and
10–70/100 patient‑years for T2DM.[7]

Defining hypoglycemia
Traditionally, hypoglycemia was defined by the
fulfillment of 3 criteria (Whipple’s triad): the occurrence
of typical clinical symptoms, documented low plasma
glucose, and relief of symptoms with the correction
of glucose levels.[1] From the perspective of diabetes
therapy, the American Diabetes Association defines
hypoglycemia as an episode of abnormally low plasma
glucose that can lead to patient harm.[8‑12] The definition
has been changing over time [Table 1], leading to
variations in its reported incidence in various studies.
Table 1: Definition of hypoglycemia
Category

Definition
ADA workgroup on hypoglycemia 2005[12]

Hypoglycemia
Documented
symptomatic
hypoglycemia
Probable symptomatic
hypoglycemia
Asymptomatic
hypoglycemia
Relative (pseudo‑)
hypoglycemia
Nocturnal hypoglycemia
Severe hypoglycemia

An episode of low plasma glucose that can
lead to patient harm
Presence of typical symptoms with
confirmed low plasma glucose
Presence of typical symptoms but plasma
glucose not documented
Presence of low plasma glucose without
accompanying symptoms
Presence of typical symptoms but measured
plasma glucose is not low
A hypoglycemia episode that occurs at night
A hypoglycemia episode requiring assistance
of another person

ADA 2017 with the International Hypoglycemia Study Group[11]
Level 1

A glucose alert value ≤70 mg/dl (3.9
mmol/L)
Level 2
A glucose value <54 mg/dl (3.0 mmol/L)
which is sufficiently low to indicate serious
and clinically important hypoglycemia
Level 3
Severe hypoglycemia (irrespective of
glucose value) with severe cognitive
impairment requiring external assistance
ADA: American Diabetes Association

Factors leading to increased risk of hypoglycemia
In normal physiology, even a small decline in blood
glucose triggers compensatory homeostatic responses to
restore levels into normal range. These counter‑regulatory
mechanisms include suppression of endogenous insulin
secretion and increase in glucagon secretion, followed
by increased secretion of epinephrine and cortisol.[1]
The risk of hypoglycemia is inherent to exogenous
insulin therapy because serum insulin levels remain
elevated despite a fall in blood glucose. In addition,
with critical reduction in islet cells, persons with T1DM
and long‑standing T2DM also have impaired glucagon
secretion. Epinephrine secretion may also be impaired
in patients with long‑standing diabetes.[1] Defective
glucose counter‑regulation significantly increases the
risk of hypoglycemia. Seminal clinical trials have
suggested that the risk of hypoglycemia, including
severe hypoglycemia, invariably increased with intensive
glycemic control.[13‑15]
The various factors that contribute to increased risk of
hypoglycemia with insulin therapy[16] are enlisted in
Table 2.

Risks Associated with Hypoglycemia
Hypoglycemia can have a significant negative impact
[Table 3] and can be potentially life‑threatening.[6,15,17,18]
Nocturnal hypoglycemia with insulin therapy is common
and accounted for 43% of all hypoglycemic episodes
and 55% of severe episodes in the Diabetes Control and
Complications (DCCT) trial.[19] Nocturnal hypoglycemia
can be particularly dangerous as patients may not be able
to recognize warning symptoms during sleep. Undetected
nocturnal hypoglycemia can lead to significant anxiety,
hypoglycemia unawareness, severe hypoglycemia, and
neurocognitive deficits.[20]
Patients who have recurrent episodes of hypoglycemia
may develop impaired awareness of hypoglycemia, which
ultimately predisposes them to severe hypoglycemia and
altered sensorium. Hypoglycemia unawareness can
occur due to several causes that may lead to a blunted
plasma epinephrine and norepinephrine response to
hypoglycemia. Patients with long‑standing diabetes
and autonomic neuropathy or those who have recurrent
hypoglycemic episodes are at greater risk.[21] Some patients
may develop hypoglycemia‑associated autonomic failure
that is characterized by defective counter‑regulation as
well as impaired awareness.[10] However, hypoglycemia
awareness can be restored if episodes of hypoglycemia
are strictly avoided for a few months.[22]
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Table 2: Factors increasing the risk of hypoglycemia with
insulin therapy

Table 3: Risks associated with hypoglycemia
Type

Risk associated with hypoglycemia

Category

Neurological

Troublesome autonomic symptoms
Confusion, altered sensorium, encephalopathy
Seizures and coma
Impaired hypoglycemia awareness
Disturbed sleep
Impaired cognitive function and dementia
Permanent neurological sequelae
Falls and head injury
QT prolongation (prolonged cardiac repolarization)
Increased risk of intravascular coagulation and
thrombosis (increased plasma viscosity, platelet
activation, endothelial dysfunction)
Increased risk of cardiac autonomic neuropathy
Increased risk of cardiac arrhythmias (sinus
bradycardia, ventricular tachycardia, atrial fibrillation)
Increased risk of angina and acute coronary events
Increased risk of sudden cardiac death
Fear and anxiety, stress
Defensive snacking to avoid hypoglycemia
Inappropriate dose reduction or decreased adherence
to insulin
Stigmatization
Reduced quality of life
Falls, injuries and fractures
Accidents
Decreased productivity at work
Increased cost of therapy
Job loss (inability to drive or operate machinery)

Specific factors

Physician
related factors

Inappropriately high insulin dose
More stringent glycemic targets
Failure to taper down insulin dose when required
Improper titration of concomitant
diabetes medications, especially insulin
secretagogues (sulfonylureas, meglitinides)
Inappropriate administration of frequent dose of
regular or rapid‑acting insulin causing insulin stacking
Inadequate patient education
Patient related
Skipped or delayed meals or fasting
factors
Meals with inadequate carbohydrate intake
Intense or unplanned exercise
Errors in insulin doses and administration (wrong
syringe, wrong dose, site hypertrophy)
Lack of adequate blood glucose monitoring
Failure to self‑titrate insulin doses
Alcohol consumption
Intensive weight reduction through lifestyle changes
Disease related
Impaired counter‑regulatory response to
factors
hypoglycemia
Impaired hypoglycemia awareness
Long‑standing diabetes and long duration of insulin
therapy
High glycemic variability
Elderly frail subjects
Established cardiovascular disease
Chronic kidney disease
Intestinal malabsorption or celiac disease
Other endocrine disorders ‑ untreated hypothyroidism,
hypoadrenalism
Chronic liver disease
Therapy related
Failure of insulin formulation and regimen to mimic
factors
physiological insulin profile ‑ prolonged action of
prandial insulin, lack of true flat time–action profile of
earlier generation basal insulins
Higher glycemic variability with earlier generation
insulins, especially NPH
Insulin site hypertrophy leading to delayed and erratic
insulin absorption
Concomitant medications ‑ insulin secretagogues,
beta‑blockers, tapered glucocorticoid doses,
hydroxychloroquine, quinolones, sulfonamides,
aspirin, etc.
NPH: Neutral protamine Hagedorn

Therefore, prevention of hypoglycemia remains a
priority in persons with diabetes, especially in those
who are on insulin therapy.[22] However, in clinical
practice, hypoglycemia prevention with antidiabetic
medications, especially insulin, remains an unmet
need. There is a need to increase awareness about
hypoglycemia among diabetes care providers as
well as persons with diabetes and their caregivers
and to devise therapeutic plans that not only target
optimal metabolic control but also minimize the risk
of hypoglycemia.
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Cardiovascular

Psychological

Others

The “Think” Strategy
A framework for minimizing the risk of hypoglycemia
related to insulin treatment will be of use to diabetes
care providers. For this review, we suggest an innovative
“THINK” strategy (Targets, Tools, Titration, Technology,
Harmony, Individualization, No errors, and Knowledge),
and discuss its individual parameters. “THINK” [Table 4
and Figure 1] is a ready reckoner for diabetes care
providers when initiating and monitoring insulin therapy.

Targets
Seminal trials such as the United Kingdom Prospective
Diabetes Study and DCCT have highlighted the need
for intensive glycemic control to reduce the risk of
long‑term complications.[23] Subsequent studies such as
the Action to Control Cardiovascular Risk in Diabetes,
Action in Diabetes and Vascular Disease: Preterax and
Diamicron Modified Release Controlled Evaluation, and
Veterans Affairs Diabetes Trial suggested that intensive
glucose‑lowering does not confer similar benefits in
patients with long‑standing diabetes.[24] Further, the risk
of hypoglycemia was substantially higher with intensive
control.[23,24]
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Figure 1: The “THINK” strategy for prevention of hypoglycemia with insulin therapy

Table 4: The “THINK” strategy to minimize the risk of
hypoglycemia with insulin therapy
Abbreviation

Expanded form

T

Targets

Strategies to minimize
hypoglycemia

Reasonable and personalized
glycemic goals
Tools
Choice of insulin formulation
Choice of delivery device
Glucose monitoring
Titration
Physician‑led or patient‑driven
titration of insulin doses to match
carbohydrate intake, physical
activity and glycemic pattern
Technology
CGM
CSII (insulin pump)
Sensor‑augmented insulin pump
Islet cell or pancreas transplantation
H
Harmony
Harmony between insulin dose,
meals and physical activity
I
Individualization Personalize insulin plan to suit patient
needs (glycemic pattern, lifestyle,
diet, meal patterns and activity)
N
No errors
Avoid inadvertent errors in insulin
dose, type, or technique
K
Knowledge
Patient empowerment about diet,
activity, monitoring, insulin
technique, self‑titration of insulin
dose, and
prevention, prompt recognition and
treatment of hypoglycemia
CGM: Continuous glucose monitoring, CSII: Continuous subcutaneous
insulin infusion

There is a need to determine glycemic targets for
each patient keeping in mind the risk–benefit ratio
of intensive glycemic control. The factors to be
considered include the duration of diabetes, life
expectancy, presence of macro‑  and microvascular
complications and other comorbidities, and susceptibility
to hypoglycemia [Table 5]. This has been highlighted
in various guidelines. [25] Targets should be relaxed
for patients with long‑standing diabetes, frail elderly
individuals, those with limited life‑expectancy,
cardiovascular disease, and chronic kidney disease,
or those at greater risk of hypoglycemia, recurrent
hypoglycemia, or hypoglycemia unawareness.[8]

Tools
Optimized insulin therapy that achieves desired targets
without increasing the risk of hypoglycemia requires
choosing the right tools, including the type of insulin,
insulin regimen, delivery device, and glucose monitoring.
Choice of insulin formulation
Choosing the right type of insulin formulation to fit the
patient’s profile is of utmost importance. Conventional
insulin formulations (regular insulin, Neutral Protamine
Hagedorn [NPH] insulin, and premixed human insulin)
are associated with a greater risk of hypoglycemia.[29] This
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Table 5: Optimal targets for glycemic control
HbA1c
Nonpregnant adults[25]

Children and
adolescents[26]

Elderly[27]

Pregnancy[28]

<7.0% in most adults
<6.5% if this can be achieved safely without significant hypoglycemia
<8% if there is history of severe or recurrent hypoglycemia, long‑standing
diabetes, advanced micro‑ or macrovascular complications, extensive
comorbidities, or limited life expectancy
<7.0% for most children
<7.5% if child cannot articulate hypoglycemia symptoms, has
hypoglycemia unawareness, inability to perform regular SMBG, lack of
access to insulin analogs and newer technologies such as CGM
<8% if there is history of severe hypoglycemia or extensive comorbid
conditions
<6.5% for select patients where this goal can be achieved without
significant hypoglycemia, impaired well‑being or undue burden of care, or
those in honeymoon phase
<7.5% for those with few coexisting chronic illnesses and intact cognitive
function and functional status
<8%–8.5% for those with multiple coexisting chronic illnesses, cognitive
impairment or functional dependence
<6.0% if this can be achieved without significant hypoglycemia
<6.5% if there is increased risk of hypoglycemia

Preprandial capillary
glucose (mg/dl)

Postprandial capillary
glucose (mg/dl)

80-130

<180

80-130

<180

80-130

<180

1 h ‑ <140
2 h ‑ <120
Adapted from the standards of medical care, American Diabetes Association Standards of Care, 2020[25‑28]. SMBG: Self‑monitoring of blood glucose, CGM:
Continuous glucose monitoring, HbA1c: Glycated hemoglobin

is because of inherent limitations in their time–action
profiles, which do not mimic physiological insulin
secretion. Regular human insulin has a delayed onset and
longer duration of action that does not match prandial
insulin release.[29] NPH has a distinct peak at 4–6 h with
a duration of action of 12–18 h, which makes it less
ideal as a basal insulin. In addition, the absorption of
NPH‑based insulins is highly variable.[29] Therefore, these
conventional insulins are associated with a greater risk of
overall, nocturnal, and late postprandial hypoglycemia.[29]
New‑generation insulins have significantly less
hypoglycemia risk than human insulins. Rapid‑acting
insulin analogs have faster onset and shorter duration of
action and are associated with less risk of late postprandial
hypoglycemia than regular insulin. In trials, they were
associated with reduced risk of nocturnal hypoglycemia
by 45% and severe hypoglycemia by 20%.[30] When
compared to NPH, insulin glargine (U‑100) and detemir
have a relatively flat time–action profile and significantly
lower risk of overall and nocturnal hypoglycemia in both
T1DM and T2DM.[20,31‑33] Furthermore, ultra‑long basal
insulins such as U‑300 glargine and degludec have flat
and stable time–action profile and offer even lower risk
of hypoglycemia compared to U‑100 glargine.[34] These
newer ultra‑long analogs further reduce the risk of
nocturnal hypoglycemia over glargine by 25%.[30]
While the risk of overall hypoglycemia was reported
to be similar with analog premix insulin compared to
80
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human premix insulin, the risk of nocturnal and major
hypoglycemia episodes was significantly lower.[35,36] The
risk of nocturnal and confirmed hypoglycemia is further
reduced with insulin aspart‑degludec coformulation
compared to biphasic aspart.[37]
Most insulin trials have a noninferiority and treat‑to‑target
design and usually exclude patients at high risk of
hypoglycemia. Hence, they are likely to underestimate
the benefits of newer insulins in patients at greater risk of
hypoglycemia.[30] Therefore, most guidelines recommend
that insulin analogs be preferred over conventional
insulins due to their lower risk of hypoglycemia.[38,39]
Choice of insulin regimen and delivery device
Insulin regimen should be tailored to the current glycemic
status and dominant glucose trends, dietary and exercise
habits, and patient expectations.
Basal insulin added to other antidiabetic
medications (oral or injectable) is the most common
insulin regimen recommended for insulin initiation
in persons with T2DM. This offers lower risk of
hypoglycemia, especially with newer basal insulin
analogs.[39] Premix insulin analogs and basal bolus
regimens are used for intensification of insulin therapy
but require more frequent monitoring of blood glucose
and appropriate dose titration. Premix insulin‑based
regimens offer less flexibility in meal timings than basal
alone or basal‑plus regimens with resultant increased
hypoglycemia risk.[39]
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For patients with T1DM or patients with T2DM who
have significant insulinopenia, a standard basal bolus
or multiple daily injections (MDI) regimen and insulin
pumps using insulin analogs offer the most physiological
replacement strategy and lower risk of hypoglycemia.[39]
MDI also offers flexibility and ability to individually
titrate basal and prandial insulin doses.
Concomitant use of sulfonylureas and glinides in persons
with T2DM may increase the risk of hypoglycemia.
While insulin secretatogues can be continued with basal
insulin, their use is best avoided along with more intensive
regimens of premix insulin or basal‑bolus insulin. On
the other hand, the risk of hypoglycemia is less with
concomitant use of metformin, thiazolidinediones,
dipeptidyl peptidase 4 inhibitors, sodium glucose
co‑transporter 2 (SGLT2) inhibitors, and glucagon‑like
polypeptide‑1 receptor agonists.[1,10] However, appropriate
reductions in insulin dose guided by self‑monitoring of
blood glucose (SMBG) profile should be considered
when adding another antidiabetic agent.
Appropriate insulin delivery devices should also be
chosen to minimize errors in insulin administration that
can lead to hypoglycemia. Insulin pen devices allow for
more accurate dose administration with less chances
of dosing errors. A meta‑analysis suggests that insulin
pens are associated with a lower risk of hypoglycemia
compared to vials and syringes.[40] Newer insulin delivery
devices such as insulin pumps have been consistently
associated with lower risk of hypoglycemia (as discussed
later).
Glucose monitoring
SMBG is extremely vital in minimizing the risk of
hypoglycemia. Patients on insulin therapy should be
counseled to frequently monitor blood glucose and
also maintain records of the same. The frequency of
SMBG can be tailored to suit the individual needs of
the patient, dietary and exercise patterns, hypoglycemia
risk, and the insulin regimen. In patients with T1DM
and in those with T2DM on MDI, 3–4 time point profile
should be maintained every day, while the frequency of
monitoring can be reduced in persons with T2DM taking
once daily basal or premix regimens.[38] Monitoring is
also recommended before and after vigorous exercise.[41]
In addition, patients should also be instructed to check
blood glucose in case of suspected symptoms of
hypoglycemia.[38] Monitoring should be intensified
whenever insulin and other antidiabetic medications are
adjusted and during any acute illness. Hypoglycemia
episodes should be recorded as patients may not be able

to recall mild episodes later.[3] Patients with recurrent
hypoglycemia, hypoglycemia unawareness, and severe
hypoglycemia should be instructed to increase monitoring
to 6–7 time points a day.[11] Regular blood glucose
monitoring at bedtime has been found to be helpful in
predicting and preventing nocturnal hypoglycemia.[3]
CGM can be particularly useful in high‑risk patients (as
discussed later).

Titration
There is a need to carefully titrate insulin doses based
on dietary patterns, exercise schedule, expected targets,
trends of SMBG, and risk factors for hypoglycemia. It
is advisable to start insulin at lower doses, especially in
persons at greater risk of hypoglycemia, and then titrate
upward based on SMBG or CGM records.[42] Dose
up‑titration should be done once in 3–7 days as frequent
up‑titration may result in increased hypoglycemia risk.
Basal insulin dose is titrated based on fasting plasma
glucose values and prandial insulin can be titrated
according to postprandial glucose values.[42] Prandial
doses can also be titrated on the basis of carbohydrate
counting and SMBG using an estimate of total amount of
carbohydrate consumed and the insulin‑to‑carbohydrate
ratio.[43] Studies suggest that patient‑led self‑titration of
insulin doses can be very effective.[44,45]

Technology
Improvements in technology have focused on enabling
early detection of hypoglycemia and its prediction with
CGM, providing more physiological insulin delivery
with insulin pump, and the use of closed‑loop insulin
systems. [46] These technological innovations have
significantly focused on the prevention of hypoglycemia
when improving glycemic control.
Continuous glucose monitoring
CGM systems measure interstitial fluid glucose every
5 min to provide information about trends of blood
glucose values. CGM has been shown to significantly
reduce the number of hypoglycemic episodes and time
spent in hypoglycemia.[47] A meta‑analysis reported that
the use of CGM improved glycemic control without
increase in hypoglycemia risk in patients with T1DM
and T2DM. [48] CGM devices that relay real‑time
information (rt‑CGM) and also predict hypoglycemia
using glucose trends are particularly useful in patients
at risk of hypoglycemia.[47] CGM when added to MDI
or continuous subcutaneous insulin infusion (CSII)
was shown to significantly reduce the occurrence
of hypoglycemia in individuals with T1DM with
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a history of hypoglycemia unawareness or severe
hypoglycemia.[47,49]
Continuous subcutaneous insulin infusion
CSII can closely mimic physiological insulin delivery. It
allows for fine tuning of basal insulin delivery to match
changes in insulin sensitivity and also administration of
multiple small prandial bolus doses to match carbohydrate
intake.[50] In addition, bolus wizard calculators and insulin
pump algorithms help calculate bolus insulin dose based
on carbohydrate counting and current blood glucose.[51]
Therefore, it avoids inadvertent errors in bolus insulin
dose calculation.
Insulin pumps have been found to be particularly
useful in patients at high risk of hypoglycemia. Trials
comparing CSII with NPH‑based MDI regimens have
consistently shown lower risk of hypoglycemia.[51] While
some studies comparing CSII with long‑acting basal
insulin‑based MDI regimens have not shown lower
risk of overall hypoglycemia, the rates of nocturnal
hypoglycemia were significantly lower.[52,53] Summers
et al. reported 30% lower incidence of hypoglycemia
over long‑term follow‑up period of 10 years with
CSII compared to MDI in patients with T1DM.[54] In
another meta‑analysis, Pickup and Sutton suggested
significantly lower rates of severe hypoglycemia with
CSII than MDI.[50] Such technologies are particularly
useful in subjects with hypoglycemia unawareness.[55]
However, CSII is useful in selected individuals who are
highly motivated and capable of using the technology
effectively.
Sensor‑augmented pump and closed‑loop insulin delivery
Insulin pump has been combined with rt‑CGM as
a “closed‑loop system” with features to suspend
insulin delivery in the event of hypoglycemia or
predicted hypoglycemia.[56,57] Such sensor‑augmented
pumps (SAP) are useful in patients with recurrent
hypoglycemia, hypoglycemia unawareness, and severe
hypoglycemia. The incidence of severe and moderate
hypoglycemia as well as nocturnal hypoglycemia was
significantly reduced in patients with hypoglycemia
unawareness using SAP with low glucose or predicted
low glucose suspend feature.[58‑60] Recent studies using
such closed‑loop systems have reported significantly less
time spent in hypoglycemia.[58‑60]
Newer systems that incorporate glucagon delivery along
with insulin are under development. Glucose‑responsive
insulin and glucagon delivery is being evaluated to
minimize hypoglycemia risk.[61,62]
82

Other technological advancements
Glucagon has been used in the management of
hypoglycemia. However, the biggest challenge has been
the availability of stable formulations. Newer more stable
formulations are under development (intranasal glucagon,
biochaperone glucagon, dasiglucagon, and nonaqueous
glucagon).[63] Mini doses of glucagon administered
subcutaneously have been used to prevent hypoglycemia
in children during periods of poor oral intake or
exercise.[63] Research is also focused on the development
of once weekly insulins and glucose‑responsive
‘smart’ insulins.[62,64] The concomitant use of SGLT2
or dual SGLT1‑SGLT2 inhibitors like ipragliflozin and
sotagliflozin with insulin had limited success.[65,66]
Pancreas and islet cell transplantation results in recovery
of the physiological islet cell hormonal responses to
hypoglycemia with suppression of endogenous insulin
secretion and increase in glucagon secretion when
blood glucose falls below a threshold.[67] Pancreatic
islet cell transplantation significantly reduces the risk
of hypoglycemia compared to MDI or CSII and can
be considered for patients with intractable and severe
hypoglycemia not improving with focused education and
use of advanced technologies such as SAP.[67] Pancreas
transplantation is usually performed simultaneous with
kidney transplantation and amelioration of troublesome
hypoglycemia for over a decade has been documented.
The need for lifelong immunosuppression, however,
remains a major limiting factor.[30]

Harmony
Insulin replacement should mimic the physiological
insulin secretion as closely as possible. There needs to
be synchronization between patient’s dietary and meal
patterns, physical activity, and insulin dose regimen.
Patients on MDI or CSII, especially those with T1DM,
benefit from carbohydrate counting and use of bolus dose
calculators to avoid inadvertent high boluses.[51] Insulin
pumps also provide information on “active insulin” or
“insulin‑on‑board” which helps avoid insulin stacking
from repeated unnecessary boluses that can lead to
hypoglycemia. Such bolus calculators were related
with a trend toward fewer hypoglycemia episodes.[51]
Patients who are using bedtime NPH or predinner premix
insulins often require bedtime snack to avoid nocturnal
hypoglycemia due to the late peak of NPH insulin.[1]
Moderate to vigorous exercise can result in a significant
improvement in insulin sensitivity, leading to increased
risk of hypoglycemia, which may last for several
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hours after exercise.[68] Therefore, insulin doses need
to be adjusted for any planned moderate to vigorous
physical activity. This can be accomplished by reducing
the dose of bolus insulin for a meal taken 1–2 h prior
to exercise. Postexercise bolus can also be reduced in
case of evening exercise to reduce the risk of nocturnal
hypoglycemia.[68] For insulin pump users, it has been
suggested that basal insulin rate is reduced by 50%
1 h prior, during, and 1 h after exercise.[69] In addition,
hypoglycemia risk can be reduced by intake of a
carbohydrate snack prior to exercise.[70] Insulin injection
into the limbs should be avoided prior to exercise as
the insulin absorption may become faster following
exercise.[71]
Patients undergoing intensive lifestyle modification may
have marked improvements in insulin sensitivity with
rapid weight reduction. Antidiabetic therapy including
insulin should be deintensified in such individuals to
reduce the risk of hypoglycemia, as was witnessed in the
Look‑Action for Health in Diabetes trial.[72]
Any change in routine such as long‑distance travel,
vacation, fasting, or festivities should be matched with
appropriate change in insulin dose and timing. Fasting
for religious or other reasons may also increase the risk
of hypoglycemia.[73] Insulin dose and other antidiabetic
medications should be modified in accordance with the
type and pattern of food intake. Basal and premix insulin
doses usually need to be reduced and bolus insulin can
be titrated based on carbohydrate intake.[9,74] Patients
planning long‑distance travel across time zones as well as
those planning vacations should also discuss the insulin
dose plan with their diabetes care provider to avoid
inadvertent hypoglycemia.[75]

Individualization
There can be no one‑size‑fits‑all strategy in insulin
therapy. Person‑centered care to improve glycemic
control when minimizing hypoglycemia requires
individualization of treatment in terms of glycemic
targets, nutrition and physical activity plan, insulin
formulation, regimen and doses, and use of more
advanced technologies such as CGM and CSII. The
treatment plan should take into consideration the patient’s
age, glycemic status, life expectancy, comorbidities,
lifestyle, risk of hypoglycemia, and cultural and
personal preferences. Patient’s self‑care capabilities,
support system, resources, socioeconomic concerns, and
expectations from treatment should be an important part
of the shared decision‑making process.

High‑risk patients such as the elderly and those with
multiple comorbidities benefit from simplified regimens,
deintensification of treatment, and preferential use of
insulins with lower risk of hypoglycemia.[9] In patients
with impaired awareness of hypoglycemia, hypoglycemia
prevention is of utmost importance. Hypoglycemia
unawareness can be reversed with a period of more lax
glycemic control and strict avoidance of hypoglycemic
episodes.[6]
Hypoglycemia may result from errors in insulin
administration including dose, type, and technique of
insulin. Several different strengths of insulin preparations
are available, the most common being 40 U/ml and 100
U/ml; these must be administered with appropriate insulin
syringes. Using a 40 U/ml syringe for a 100 U/ml vial can
result in delivery of significantly higher dose of insulin
administered. Such errors in insulin administration
should be strictly avoided.[76]
Correct insulin technique is also important. A longer
needle length or inability to raise a skinfold may result
in inadvertent intramuscular injection, resulting in faster
insulin absorption and hypoglycemia.[30] Injection into
sites of lipohypertrophy can also result in errors in insulin
absorption. Lipohypertrophy is quite common, reported
to be present in as many as 42.9% of patients.[77] Common
causes were lack of site rotation and spacing. The risk
of severe hypoglycemia was 2.7 times higher in patients
with lipohypertrophy.[77] This is due to both erratic insulin
absorption and increased insulin doses.

Knowledge
Human factors play a major role in many hypoglycemic
episodes. Therefore, the importance of structured diabetes
self‑management education programs for patients and
their caregivers to empower them regarding prevention,
early detection, and management of hypoglycemia
has been repeatedly emphasized. Education about
hypoglycemia should be a part of structured education in
addition to the principles of nutrition and lifestyle advise,
SMBG, insulin administration, and dose self‑titration.[10]
Patient empowerment should focus on the knowledge
about factors that increase the risk of hypoglycemia, need
for regular SMBG and insulin dose titration, reasonable
targets, early recognition of hypoglycemia symptoms,
and its timely management. Figure 2 provides a flowchart
for the management of hypoglycemia.
The Diabetes Teaching and Treatment Program was
first developed in Germany with focus on intensive
SMBG, individually targeting basal and premeal doses,
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Figure 2: Algorithm for the detection and management of

hypoglycemia

carbohydrate counting, and structured education. Similar
programs have been developed in many centers. Some
of the educational programs that have been successful
in reducing hypoglycemia risk include Dose Adjustment
for Normal Eating, Blood Glucose Awareness Training,
Hypoglycemia Anticipation, Awareness, and Treatment
Training, and Hypoglycemia‑specific Education
Program. [30,78,79] Almost 50% reduction in severe
hypoglycemia over the long term has been reported with
such programs.[80]

Conclusion
While research to develop more physiological insulin
delivery continues, it is important to focus on minimizing
the risk of hypoglycemia following the general principles
of person‑centered care, shared decision‑making, and
patient empowerment.
Diabetes care providers, persons with diabetes, and their
caregivers should have a good understanding of the
factors which contribute to hypoglycemia, the limitations
of current insulin regimens, the need to set reasonable
targets, frequent SMBG, and insulin dose titration as
well as early recognition and prompt management of
hypoglycemia. Hypoglycemia prevention requires the
formulation of a rationale plan of diet, physical activity,
monitoring, insulin, and structured diabetes self‑care
education.
There is a need for regular active assessment of any
history of recent hypoglycemic episodes and awareness
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of hypoglycemia symptoms of patients periodically.
Previous episodes of hypoglycemia must be taken into
consideration when making treatment plan. In patients at
high risk of hypoglycemia, more relaxed glycemic targets,
deintensification of treatment, patient empowerment,
and simpler insulin regimens with new‑generation
analogs that have a lower risk of hypoglycemia should
be considered. If a patient has recurrent hypoglycemia,
hypoglycemia unawareness, or severe hypoglycemia,
more focused diabetes education related to avoiding
factors that lead to hypoglycemia is needed. These
patients should also be considered for newer glucose
monitoring and insulin delivery technologies such as
CGM and CSII. SAP are especially useful in this setting.
In patients with refractory hypoglycemia despite the use
of advanced technologies and focused education, islet
cell transplantation should be considered. Thus, the
THINK strategy that we have discussed can be a useful
framework for diabetes care providers in their efforts to
plan and implement effective measures for preventing /
minimizing hypoglycemia from insulin therapy.
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Abstract
Obesity is a chronic metabolic disease affecting individuals all over the world and is known to be a main risk factor for type 2
diabetes (T2D). In countries like India, T2D occurs with a lower degree of obesity as compared to T2D in western countries. It
is important to tackle obesity in T2D because studies have shown that modest weight loss leads to improvements in glycemic
levels, thereby reducing the risk of diabetes‑related complications and comorbidities. Obesity complicates the management
of diabetes, particularly the goal of achieving tight glycemic control as it is associated with insulin resistance. In this article,
we are going to discuss choice of therapies in the management of T2D in obese individuals. In patients with T2D and obesity
treatment approach should be individualized and it includes intensive lifestyle intervention, pharmacologic therapy, and/or
metabolic surgery. Additional attention should be given to concomitant therapies for other comorbidities which may further
lead to weight gain. Considering the strong link between obesity and T2D, the first choice of therapy after lifestyle modification
should be glucose‑lowering agents, which promote weight reduction or are at least weight neutral. Metformin, alpha‑glucosidase
inhibitor, sodium‑glucose co‑transporter 2 (SGLT‑2) inhibitor, glucagon‑like peptide–1 receptor agonist (GLP‑1 RA), and amylin
mimetic promote weight loss along with additional cardiovascular benefits of GLP‑1 RA, SGLT‑2 inhibitor, and improved renal
outcomes with SGLT‑2 inhibitor. Weight neutral therapies include dipeptidyl peptidase‑4 inhibitors and fixed ratio insulin/GLP‑1
RA combination therapies (insulin degludec/liraglutide, insulin glargine and lixisenatide) can also be considered as they help
to limit weight gain. Therapies such as thiazolidinedione, insulin secretagogue (sulfonylurea and meglitinide), and insulin are
less suitable for individuals with obesity and T2D as they are associated with weight gain.
Keywords: Glucagon‑like peptide–1, metformin, sodium‑glucose co‑transporter 2

Introduction
Once considered a hassle in high‑income countries,
overweight and obesity are now on the rise in low‑ and
middle‑income countries, particularly in the urban
settings. According to World Obesity Atlas published
by the World Obesity Federation, by the year 2030, 1
in 5 women and 1 in 7 men are predicted to live with
obesity (body mass index [BMI] >30 kg/m2) which
is over 1 billion people will be affected by obesity
globally. The percentage is likely to go up with each
passing year. Noncommunicable diseases, including
cardiovascular (CV) diseases, type 2 diabetes (T2D),
musculoskeletal disorders, especially osteoarthritis,
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and some cancers, are the important consequences of
overweight and obesity.[1,2]
Many fundamental factors contribute to this modern
society’s epidemic of obesity including increased intake
of energy‑dense foods, sedentary nature of jobs, changing
modes of transportation, poor food processing, expansion
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of urbanization, and reduced physical activity.[1] More
than 95% of people with diabetes have T2D. T2D is
largely the result of excess body weight and physical
inactivity. [2] Therefore, in this article, we will be
addressing the choice of therapies in individuals with
obesity and T2D based on the latest evidence.
Strong evidence exists that obesity is a major, independent,
and modifiable risk factor for T2D mellitus (T2DM).
Inadequate amount of insulin production from the β‑cells
of the pancreas along with insulin resistance, the release
of pro‑inflammatory cytokines, endothelial dysfunction,
deranged fatty acid metabolism, and mitochondrial
dysfunction all these factors contribute a major role in the
development of obesity and T2D mellitus.[3] The release
of nonesterified fatty acids (NEFA) is an important factor
affecting insulin insensitivity. Large amount of NEFAs
release is observed in T2D, and in obesity, and it is associated
with insulin resistance in both conditions.[4] Obesity
management helps to improve insulin resistance, thereby
delays the progression of prediabetes to T2D. Moreover,
even modest weight loss improves glycemic control and
reduces the need for glucose‑lowering medications. More
intensive dietary energy restriction can substantially reduce
HbA1c and fasting glucose and promote sustained diabetes
remission through at least 2 years.[5‑7] Building positive
health behaviors and maintaining psychological well‑being
are also foundational for achieving diabetes treatment goals
and maximizing quality of life.[8‑10]
As per American Diabetes Association (ADA)
recommendations adults with overweight/obesity with
T2D are best advised to be on an intensive lifestyle
program to achieve and maintain a 7% loss of initial
body weight and increase moderate‑intensity physical
activity (such as brisk walking) to at least 150 min/week.
A variety of individualized and sustainable eating patterns
can be considered to prevent diabetes in individuals with
prediabetes.[11]
The LOOK Action For Health in Diabetes trial aimed
to study an intensive lifestyle intervention focusing
on weight loss through decreased caloric intake
and increased physical activity at least 175 min of
moderate‑intensity physical activity (for intervention

group) per week compared to control group, the trial
demonstrated no reduction in the rate of CV events
in overweight or obese adults with T2D but showed
that intervention group had significant weight loss
compared to the control group which was 8.6% versus
0.7% at 1 year and 6.0% versus 3.5% at the study end.
Furthermore, patients in the intervention group had
clinical improvements in glycated hemoglobin levels,
which were greatest during the 1st year and were partly
sustained throughout the follow‑up.[12,13]
For individuals with proliferative diabetic retinopathy
or severe nonproliferative diabetic retinopathy,
vigorous‑intensity aerobic or resistance exercise should
be contraindicated because of the high risk of triggering
vitreous hemorrhage or retinal detachment. Diabetes is
associated with peripheral and autonomic neuropathy,
which can increase the risk of sensory loss‑related
injuries while exercising or can lead to adverse events
through decreased cardiac responsiveness to exercise,
postural hypotension, impaired thermoregulation, and
susceptibility to hypoglycemia.[14]
In obese/overweight individuals at high risk of T2D, care
goals should include weight management either through
weight loss or minimizing the weight gain, minimizing
the progression of hyperglycemia. [15] Diet, physical
activity along with behavioral therapy to achieve and
maintain 5% weight loss is recommended for most people
with T2D and overweight or obesity which further helps
in improving glycemic levels and reducing CV risk.
Different treatment options according to individual’s
BMI are mentioned in Table 1.[16]
As per ADA, the therapeutic approach in patients
with T2D with overweight/obesity should always
consider choosing glucose‑lowering medications that
promote weight loss or are at least weight neutral.[17]
Antihyperglycemic drugs and their effect on weight
change is mentioned in Figure 1. As far as possible
importance should also be given in reducing concomitant
medications used for other comorbidities which are
associated with weight gain.
If the patient’s response to weight loss medication is
effective (typically defined as >5% weight loss after

Table 1: Treatment options for overweight and obesity in type 2 diabetes
Treatment

BMI 25-26.9 kg/m2 (23-24.9*)

BMI 27-29.9 kg/m2 (25-27.4*)

BMI ≥30 kg/m2 (≥27.5*)

Diet, physical activity and behavioral counseling
+
+
Pharmacotherapy
+
Metabolic surgery
+symbol denotes: Recommended therapy, *Recommended cutoff points for Asian−American individuals. BMI: Body mass index
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Figure 1: Antihyperglycemic drugs and their effect on weight change. DPP‑4: Dipeptidyl peptidase‑4, SGLT‑2: Sodium‑glucose

co‑transporter 2, GLP‑1 RA: Glucagon‑like peptide–1 receptor agonist, GIP RA: Glucose‑dependent insulinotropic polypeptide receptor
agonist

3 months of use), it is likely that further weight loss will
occur with continued use. When the early response is
insufficient (typically <5% weight loss after 3 months’
use) or if there are significant tolerability or safety issues,
discontinuation of medications and use of alternative
medications or treatment approaches should be considered.[18]
Further, in this article, we will be discussing in detail
individual drug characteristics which are preferred in the
treatment of obese T2D patients, their side effects, and
their impact on weight and HbA1c reduction.
Table 2 gives information about drug‑specific and patient
factors to consider when selecting antihyperglycemic
treatment in adults with T2D.

Metformin
Metformin, a biguanide, is the first‑line recommended
treatment for T2D, it reduces hyperinsulinemia and
90

promotes modest weight loss, particularly beneficial in
patients with T2D and obesity.[19,20] It has a very low risk
of hypoglycemia with only mild gastrointestinal side
effects[21] and can be given in doses of 2000–2500 mg/day
for a good antihyperglycemic effect.[22] It has been shown
to reduce HbA1c levels by ~1% compared with placebo.[19]
Metformin has been evaluated for its effect on body weight
in many clinical studies in diverse patient populations,
and in approximately half of these studies, the drug‑naive
T2D patients treated with metformin demonstrated
significant weight loss compared with baseline or
comparator drugs and has also shown to mitigate weight
gain associated with sulphonylurea‑based regimens and
insulin.[23] It acts by improving the action of insulin,
particularly in the liver, and studies have reported insulin
requirements reduced by 25% along with weight changes
of +1.5 to −2.9 kg in insulin‑naïve patients receiving
metformin.[19,23,24] The long‑term use of metformin may
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Table 2: Factors to consider when selecting antihyperglycemic treatment in adults with type 2 diabetes
Therapy

Efficacy

Cost
ASCVD

HF

Metformin

High

Low

Potential benefit

SGLT 2 inhibitors

Intermediate

High

Benefit
Empagliflozin and
canagliflozin

GLP‑1 RAs

High

High

Dpp‑4 inhibitors

Intermediate

High

Benefit‑dulaglutid,
liraglutide,
semaglutide (SQ)
neutral‑exenatide
once weekly
Neutral

Thiazolidinediones

High

Low

Sulfonylureas
(2nd generation)

High

High

Insulin
Human insulin
Analogs

CV effects

Oral/SQ

Additional considerations

Hypoglycaemia

Neutral

Oral

No

Benefit
Empagliflozin,
canagliflozin,
dapagliflozin,
ertugliflozin
Neutral

Oral

GI side effects (diarrhea, nausea),
Vitamin B12 deficiency
Genitourinary infections, DKA*
risk (rare in type 2 DM), risk of
bone fracture with canagliflozin,
hypotension, Fournier’s
Gangrene, raised LDL‑C

SQ
Oral‑
semaglutide

GI side effects (nausea, vomiting,
diarrhea), injection site reaction,
pancreatitis, FDA black box‑risk
of thyroid C cell tumors in
rodents

No

Potential
Risk
Saxagliptin

Oral

No

Potential Benefit‑
pioglitazone

Increasd
Risk

Oral

Low

Neutral

Neutral

Oral

Pancreatitis reported in clinical
trials, discontinue if pancreatitis
is suspected
Joint pain
FDA black box: Congestive
HF (pioglitazone, rosiglitazone),
fluid retention (edema, HF)
Risk of bone fracture, bladder
cancer with pioglitazone, raised
LDL‑C, benefit in NASH
FDA special warning: Increased
risk of CV mortality with older
sulfonylurea (tolbutamide)

Low
High

Neutral

Neutral

SQ
Inhaled
SQ

No

No

Yes

Injection site reactions, higher
Yes
risk of hypoglycemia with
human insulin (NPH or premixed
formulations) versus analogs
DKA: Diabetic ketoacidosis, FDA: Food and drug administration, SGLT‑2: Sodium‑glucose cotransporter‑2, GLP‑1 RAs: Glucagon like peptide‑1 receptor
agonists, DPP‑4: Dipeptidyl peptidase‑4, SQ: Subcutaneous, DM: Diabetes mellitus, LDL‑C: Low‑density lipoprotein cholesterol, NASH: Nonalcoholic
steatohepatitis, GI: Gastrointestinal, CV: Cardiovascular, ASCVD: Atherosclerotic cardiovascular disease, HF: Heart failure, NPH: Neutral Protamine Hagedorn

be associated with Vitamin B12 deficiency; hence, it
is important to consider periodic measurement and
supplementation of Vitamin B12, especially in those
with anemia or peripheral neuropathy.[25] Lactic acidosis
is a serious, rare complication that usually occurs in
patients with renal insufficiency.[20] Metformin should not
be used in patients with estimated glomerular filtration
rate (eGFR) <30 mL/min/1.73 m2 and total daily dose
should be reduced in patients with eGFR between 30 and
45 mL/min/1.73 m2.[22] Metformin seems to be having
promising anti‑tumor and anti‑aging effects along with
its anti‑diabetic actions.[26,27]

Glucagon‑Like Peptide‑1 Receptor Agonists
Glucagon‑like peptide‑1 (GLP‑1)‑based therapy
improves glycemic control through multiple mechanisms
along with the additional benefit of weight loss, reduced
blood pressure (BP), and low risk of hypoglycemia
events as they have a glucose‑dependent mechanism
of action. They act by stimulating GLP‑1 receptors

in the pancreas to enhance glucose‑dependent insulin
secretion and suppress inappropriately elevated fasting
and postprandial glucagon levels. Further GLP‑1 receptor
agonist (RA) also acts on the central nervous system and
gastrointestinal tract to decrease the appetite and enhance
satiety through a chain of mechanisms, which includes
slow gastric emptying which results in delayed intestinal
glucose absorption, thereby reducing postprandial glucose
excursions. They are also known to potentially promote
β‑cell proliferation and have anti‑apoptotic effects on
these cells, inducing insulin biosynthesis.[28‑32] GLP‑1 RA
has been shown to reduce A1C ~0.8%–1.9% compared
with baseline.[19,22] Many GLP‑1 RA s are developed to
get prolonged in vivo actions as native GLP‑1 is degraded
within ~2–3 min in the circulation. These GLP‑1 RA s
can be classified according to their duration of action
as short‑acting (exenatide twice daily and lixisenatide
once a day) and long‑acting compounds (albiglutide,
dulaglutide, semaglutide, liraglutide, and exenatide
once weekly). ITCA 650 is a once yearly therapy in
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development, which provides continuous subcutaneous
delivery of exenatide through a sub‑dermally embedded
miniature pump. The short‑acting compounds primarily
reduce postprandial blood glucose levels by slowing the
gastric emptying, whereas the long‑acting GLP‑1 RAs
have a stronger effect on fasting glucose levels, which
is predominantly mediated through their insulinotropic
and glucagonostatic actions.[30] Weight loss can vary
depending GLP1 drug used and dosage. If actively
trying to lose weight through lifestyle changes and
one of these medications is added, clinical trial data
show that treatment with GLP1 RA s is associated with
weight changes ranging from 1.14 to 6.9 kg.[19] Based
on the Semaglutide Treatment Effect in People with
Obesity (STEP) clinical trial results, the Food and Drug
Administration (FDA) approved semaglutide in a 2.4 mg
once‑weekly injection dose as a treatment option for
chronic weight management in individuals with obesity
or overweight status plus ≥1 weight‑related condition
such as T2D mellitus, hypertension, or dyslipidemia.
It is available in once weekly injections with 0.25, 0.5,
1.0, 1.7, and 2.4 mg doses (each dose escalation after
4 weeks) for use in adults with obesity. The STEP trial
of 68 weeks demonstrated significant weight reduction
of −15.3 kg in semaglutide treated group compared
to −2.6 kg in the placebo group.[33] Once weekly injection
semaglutide is available in 0.5, 1.0, and 2.0 mg doses for
the treatment in adults with T2D. In SUSTAIN FORTE
trial higher dose of semaglutide injection 2.0 mg versus
1 mg showed superiority in HbA1c reduction, weight
loss with similar safety profile which helps in achieving
individualized glycemic targets in T2D individuals.[34]
Liraglutide has half‑life of approximately 11–15 h which
ensures continuous exposure of the GLP‑1 receptors
with a once daily dosing. It is currently approved for
the treatment of T2DM and its effects are investigated in
LEAD study which demonstrated significant reduction in
HbA1c (0.8%–1.5%) along with weight‑loss properties and
also shown CV benefits in Liraglutide Effect and Action
in Diabetes: Evaluation of CV Outcome trial.[35,36] Higher
dose of liraglutide is also approved for the treatment
of obesity in people who do not have diabetes.[32,33]
Injection liraglutide administration is started with 0.6 mg
dose once a day, after a week if well tolerated increase
the dose to 1.2 mg and it can further be increased to
1.8 mg for better glycemic control.[37] Lixisenatide
which is a shorter acting GLP‑1 analog in Evaluation of
Lixisenatide in Acute Coronary Syndrome trial did not
prove CV benefit in patients with diabetes and a recent
acute coronary syndrome.[38] EXSCEL (once‑weekly
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extended‑release exenatide) trial also demonstrated CV
benefit.[39] Dulaglutide has a half‑life of approximately
5 days allowing once a week dosing. The initiation of
treatment in T2D adults is done with injection dulaglutide
0.75 mg dose escalated to 1.5 mg once weekly and to
3 and 4.5 mg every 4 weekly if additional glycemic
control needed. Dulaglutide achieved noninferiority in
head‑to‑head trial to injection liraglutide (1.8 mg) in
AWARD 6 trial. The results of data from all AWARD
trials, demonstrated HbA1c reduction of ~0.8%–1.6%
with injection dulaglutide 1.5 mg.[37,40‑45] All GLP1
RA s are currently contraindicated in Stages 4 and 5
chronic kidney disease (CKD) according to American
Association of Clinical Endocrinologists (AACE) and
American College of Endocrinology (ACE) Clinical
Practice Guidelines. Liraglutide, albiglutide, or
dulaglutide can be used in CKD Stages 2 and 3 without
dose adjustment, although exenatide should not be used
if creatinine clearance is <30 mL/min.[25]
The commonly experienced side effects with these agents
are mild‑to‑moderate, transient gastrointestinal adverse
events such as nausea and vomiting. They are used
cautiously in patients with a past history of pancreatitis
or severe gastroesophageal reflux disease. GLP‑1 RAs
are an injectable therapy, with frequency of injection
ranging from twice daily to once weekly, depending on
the compound formulation. The risk of low blood sugar
levels is usually low but only increased, if patient is taking
another medication known to lower blood sugar at the
same time, such as sulfonylureas or insulin. According
to the AACE and ACE Clinical Practice Guidelines, the
GLP‑1 class of drugs are not recommended if there is
personal or family history of medullary thyroid cancer
or multiple endocrine neoplasia syndrome Type 2.
Laboratory studies have linked these drugs with thyroid
tumors in rats, but until more long‑term studies are
completed, the risk to humans is not known.[22]

Oral Semaglutide
In addition to the once weekly subcutaneous form
of semaglutide, tablet formulation of semaglutide
is developed which has simplified and made it
convenient early use of GLP‑1RA in T2D patients
who are overweight or obese considering its significant
additional benefit of weight reduction. It is a first
oral GLP‑1 RA which is coformulated with the
absorption enhancer sodium N‑(8‑[2‑hydroxybenzoyl]
amino) caprylate.[46] Oral semaglutide has a different
absorption profile as compared to subcutaneous
semaglutide, but once the drug gets absorbed,
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the effects of semaglutide and pharmacokinetic
properties are similar, regardless of the route of
administration.[46] In Phase II of PIONEER‑6 trial,
oral semaglutide (doses ranging from 2.5 to 40 mg
once daily) showed greater reduction in HbA 1c
levels compared with placebo in a dose‑dependent
manner (−0.7% to −1.9% compared with −0.3%
with placebo). Furthermore, in the same trial, oral
semaglutide demonstrated significant dose‑dependent
weight reduction (−2.1 to −6.9 kg vs. −1.2 kg with
placebo). [47] In PIONEER‑6 trial, oral semaglutide
has demonstrated similar CV safety profile to that
of once weekly subcutaneous semaglutide form as
demonstrated in SUSTAIN‑6 TRIAL.[48]

Dual Glucose‑Dependent Insulinotropic
Polypeptide/Glucagon‑Like Peptide–1 Receptor
Agonist
The US FDA approved tirzepatide injection on May
13, 2022, it is a new once‑weekly dual GLP‑1 and
glucose‑dependent insulinotropic polypeptide (GIP)
RA which can be used as an adjunct to diet and exercise
to improve glycemic control in adults with T2D and is
likely to be available in US Soon. The SURPASS clinical
trial program, a development program for tirzepatide
demonstrated average A1c reductions between 1.8% and
2.1% for tirzepatide 5 mg dose and between 1.7% and
2.4% for both 10 mg and 15 mg doses. A key secondary
endpoint in all SURPASS studies was significant mean
change in body weight which was around 12 lb with 5 mg
and 25 lb and with 15 mg on an average without increased
risk of hypoglycemia. All doses of tirzepatide showed
significant beneficial effects on HbA1c and weight. The
phase 3 SURPASS clinical trial demonstrated superiority
of tirzepatide in A1C reduction as compared to injectable
semaglutide 1 mg, insulin glargine, and insulin degludec.
Tirzepatide will be available in six doses 2.5, 5, 7.5, 10,
12.5, and 15 mg which will come in Lilly’s auto‑injector pen
with a preattached, hidden needle.[49‑55] It is not indicated in
Type 1 diabetes patients and is not being studied in patients
with a past history of pancreatitis.[49] Tirazepatide can
cause gastrointestinal side effects such as nausea, diarrhea,
decreased appetite, vomiting, constipation, dyspepsia, and
abdominal pain. It is contraindicated in patients with a
personal or family history of medullary thyroid carcinoma
or in patients with multiple endocrine neoplasia syndrome
Type 2. The safety profile was consistent with GLP‑1 RA
s, indicating a potential monotherapy use of tirzepatide
for T2D treatment.[50‑53]

Sodium‑Glucose Co‑Transporter 2 Inhibitors
Sodium glucose cotransporter 2 (SGLT2) proteins
are expressed in the proximal convoluted tubule of
the kidneys. These transporters are an ideal target
for the treatment of diabetes because they are
responsible for 90% of filtered glucose reabsorption.
They have glucosuric effect that results in decreased
HbA1c, weight, and systolic BP.[56] In a recent study,
it was found that empagliflozin improves insulin
sensitivity of the hypothalamus in humans with
prediabetes.[57] A large meta‑analysis demonstrated
that SGLT2 inhibitors were associated with reduction
of weight in a range of −2.0–−2.3 kg compared with
placebo with the largest weight reduction associated
with canagliflozin.[58] In patients with T2D not willing
to start insulin, SGLT2 inhibitors are an option.
Patients at risk of hypoglycemia may benefit from
the combination of SGLT2 inhibitors and metformin
because with SGLT2 inhibitors risk of hypoglycemia
is less compared to insulin and sulphonylureas. One
of the most significant trials was the EMPA‑REG
OUTCOME study.[59] The randomized double‑blind,
placebo‑controlled study included 7020 participants
with established CV disease and demonstrated a 38%
relative risk reduction in death from CV causes in
the empagliflozin group versus the placebo group.
Whether these results were due to improved glycemic
control or the secondary benefits of SGLT2 inhibitors
can only be speculated at this point and requires
further investigation. In Canagliflozin Cardiovascular
Assessment Study, canagliflozin demonstrated CV
benefit[60] and reduced hospitalization for heart failure
but was associated with increased the risk of amputation.
People taking these drugs have seen improvements in
their BP and cholesterol levels, although it is not clear
whether these benefits are from the medication or the
weight loss. SGLT2 inhibitors are associated with
increased risk of mycotic genital infections and also
slightly increased low density lipoprotein cholesterol
levels, dehydration due to increased diuresis, diabetic
ketoacidosis and because of their mechanism of
action, they have limited efficacy in patients with an
eGFR <45 ml/min/1.73 m2 AACE/ACE Scientific and
Clinical Review expert consensus group recommended
stopping SGLT2 inhibitors 24 h prior to scheduled
surgeries and anticipated metabolically stressful
activities (e.g., extreme sports) and that patients
taking SGLT2 inhibitors with insulin should avoid
very low carbohydrate meal plans and excess alcohol
intake.[22,61]
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Pramlintide
Amylin is a peptide co‑secreted with insulin by pancreatic
beta‑cells. Pramlintide, which is a synthetic amylin
agonist acts by slowing gastric emptying, suppresses
inappropriately elevated postprandial glucagon secretion,
and reduce food intake, which collectively limits
postprandial glucose fluctuations and improve overall
glycemic control. In individuals treated with pramlintide,
improvements in glycemic control occur in the context
of weight reduction, allowing it to be an additional
therapeutic choice for many insulin‑using patients with
Type 1 diabetes or T2D.[62]

α‑Glucosidase Inhibitors
α‑Glucosidase inhibitors delay the end stage of
carbohydrate absorption at the brush border of the
intestinal epithelium as a result slows the spike in
postprandial glucose. The agents currently available
include acarbose, Voglibose, and miglitol. Their use is
limited by a number of factors, including the need to
administer the medication at the start of each meal, only
modest reductions in blood glucose levels and flatulence
as a main common side effect. These factors should be
balanced against their ability to lower postprandial glucose
without increasing weight or hypoglycemic risk.[63] There
is also evidence suggesting that acarbose improves CV
outcomes better than most antihyperglycemic agents. To
effectively get the maximum potential and tolerance of
these agents, the starting dose should be low, only once
a day (e.g., one‑fourth of maximum dose), with slow
titration in dosage and frequency of administration over
a period of weeks or months. α–Glucosidase inhibitors
are particularly useful in individuals whose meals consist
of high carbohydrate content. They are associated with
a weight change in ranges from −0.43 to −1.80 kg and
HbA1c reduction of ~1.0%. α–Glucosidase inhibitors
should be used with caution in patients with CKD.[19,64]

Dipeptidyl Peptidase‑4 Inhibitors
Dipeptidyl peptidase‑4 (DPP‑4) inhibitors are a category
of oral drugs for T2D that inhibit the breakdown of
GLP‑1 and enhance the release of insulin in response to a
carbohydrate intake. In clinical practice, they are weight
neutral, with a very low incidence of hypoglycemia.
Studies associated with sitagliptin treatment showed
variability between 1.5 kg of weight loss in 52 weeks
of therapy to 1.8 kg of weight gain in 24 weeks of
therapy.[65] Side effects of DPP‑4 inhibitors include
flu‑like symptoms, runny nose, headache, sore throat,
gastrointestinal problems including nausea, stomach
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pain, and diarrhea. Skin reactions are in a form of painful
red or purple rash. DPP‑4 inhibitors have been associated
with an increased risk of pancreatitis.

Fixed–Ration Combination Therapy
Fixed‑ratio combinations can be used to intensify
basal‑supported oral therapy to achieve individualized
targeted HbA 1c levels. Till date two regimens are
available: insulin glargine and lixisenatide (iGlarLixi)
and insulin degludec and liraglutide (IDegLira). The
use of once‑daily injection of GLP‑1 RA/basal insulin
titratable fixed‑ratio combination has reduced complexity
of therapeutic regimen compared to the daily burden
of basal bolus multiple injection therapy and also is
cost‑effective by reducing total daily dose thereby
increasing patient adherence to treatment. Clinical trial
data from patients receiving fixed‑ratio combination
therapies showed a weight change of −0.3–−0.7 kg for
iGlarLixi and −2.7–+2.0 for IDegLira compared to using
insulin glargine and degludec alone, respectively.[19]
The use of GLP1 RA either liraglutide or lixisenatide in
the combination with basal insulin has mitigated these
differences in weight along with reduced hypoglycemia
risks and gastrointestinal side effects. Fixed ratio
combination therapy has shown and better safety profile
in intensifying basal insulin therapy with a higher
likelihood of achieving A1c <7.0% and produce greater
A1c reductions (~0.72%) compared with using individual
basal insulin alone. According to the Delphi consensus,
the fixed‑ratio combination IDegLira was considered
preferable to the fixed‑ratio combination iGlarLixi in
the control of glycemia, body weight, and CV risk.[66]

Metabolic Surgery
As per the ADA guidelines, metabolic/bariatric
surgery should be recommended for T2D patients with
BMI >40 kg/m2 (BMI 37.5 kg/m2 in Asian Americans)
and in adults with BMI 35.0–39.9 kg/m2 (32.5–37.4 kg/m2
in Asian Americans) who do not achieve durable weight
loss and improvement in comorbidities irrespective of
extent of glycemic control with nonsurgical methods.[17]
Metabolic surgery can be considered as treatment
option in T2D adults with BMI 30.0–34.9 kg/m 2
(27.5–32.4 kg/m2 in Asian Americans) who are unable
to achieve durable weight loss despite of intense
lifestyle intervention and optimal pharmacotherapy.
People who undergo metabolic surgery should undergo
routine monitoring of micronutrient, nutritional, and
metabolic status and should receive careful, long‑term
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medical and behavioral support.[17] Studies have shown
that the clinical and laboratory manifestations of
T2D are resolved or improved in majority of patients
after bariatric surgery and these responses are more
dominantly noticed with procedures that resulted in a
greater percentage of excess body weight loss and this
postbariatric surgery weight loss maintained for 2 years
or more. A large meta‑analysis of 621studies showed
significant weight loss of 38.5 kg or 55.9% excess body
weight loss. Overall, 78.1% of individuals with T2D
had complete resolution, and diabetes was improved or
resolved in 86.6% of patients. Weight loss and resolution
of diabetes were the greatest for patients undergoing
biliopancreatic diversion/duodenal switch, followed by
gastric bypass and lowest for banding procedures.[67]

GIP triple agonist peptides, namely DPP IV resistant
Y (1)‑dA (2)‑I (12)‑N (17)‑V (18)‑I (27)‑G (28,
29)‑glucagon (termed YAG‑glucagon), [DAla 2 ]
GIP/oxyntomodulin, and [DAla 2] GLP‑1/glucagon
hybrids all were reported to activate GLP‑1, GIP, and
glucagon‑signaling pathways and are going to offer
breakthrough nonsurgical options for obesity and T2D
management. However, chronic safety and sustainability
of these novel agents needs to be carefully evaluated.[70‑73]
Dual‑agonist peptides GLP‑1/Glucagon Receptor,
GLP‑1/cholecystokinin, GLP‑1/gastrin, and GLP‑1/xenin
GLP‑1/amylin agonists are also being evaluated in
clinical trials and will require cautious interpretation
of preclinical studies to ensure bench‑to‑bedside
translation.[70]

Future Pharmacological Agents for Management
of Type 2 Diabetes and Obesity

Conclusion

CagriSema studied in a randomized, double‑blind,
placebo‑controlled 20 weeks’ phase 1b study which
was done to investigate the use of cagrilintide (0.16,
0.30, 0.60, 1.2, 2.4, and 4.5 mg) in combination with
semaglutide 2·4 mg for weight management. The
study results showed the use of cagrilintide which is a
long‑acting acylated amylin analog in combination with
semaglutide 2·4 mg had acceptable safety profile and was
well tolerated in participants with overweight and obesity
with and that this treatment combination can promote
clinically significant dose‑dependent weight loss up to
17·1% bodyweight, without lifestyle interventions.[68] The
elimination half‑life of cagrilintide was 7–8 days, with
maximum exposure after administration 24–25 h, making
it suitable for once‑weekly dosing and its concomitant
administration did not affect exposure or elimination of
semaglutide further supporting the combination clinical
trial. Although the study was of short duration, study data
support the further clinical development of CagriSema
which is a combination of cagrilintide and semaglutide
2·4 mg as a potential novel and effective therapy for
weight management.[69] Another novel drug IcoSema,
taken once a week, which is a combination of insulin
icodec and semaglutide is being studied in COMBINE
2 and COMBINE 3 primarily to investigate its efficacy
in HbA1c reduction along with its potential effect on
weight reduction. Many unimolecular multiagonist
peptides are in preclinical and clinical trials which are
being developed as novel therapeutic approaches for
obesity‑diabetes to achieve the combinatorial metabolic
efficacy by concurrent activation of multiple gut hormone
receptors. One such example is GLP‑1/Glucagon/

Intensive lifestyle modification with diet and exercise is
an essential part of management of T2D in individuals
with obesity. Pharmacological agents which improve
glycemia, insulin resistance, and limit weight gain
are preferred. Metformin is the most time tested and
incurs less cost. Drugs from class of SGLT2 inhibitors,
GLP‑1 RA provide additional CV benefits, and better
renal outcomes along with considerable weight loss.
If insulin is used to reach targeted HbA1c levels prefer
combination therapy with a GLP 1 RA is recommended
for greater efficacy and durability of treatment effect.
Novel drugs such as oral semaglutide and tirzepatide
have made it feasible to get significant weight loss in
T2D obese patients when used with diet and intensive
life intervention. In future, unimolecular multiagonist
peptides (triple agonist and dual peptide agonist) will
further improve the therapeutic approach of obesity and
T2D management.
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Abstract
Painful diabetic peripheral neuropathy (PDPN) is a commonly encountered problem by a physician and poses a major treatment
challenge. Although poor glycemic control is considered to be a main cause for the development of peripheral neuropathy, the
overall etiopathogenesis remains unclear and needs further research. There are various tools to assess the status of nerves, but
PDPN being a subjective factor is often measured in terms of pain scores or pain scale looking at the intensity and the phenotype
of pain. PDPN affects the individual’s quality of life and daily living and often disturbs the sleep and mental health. The
management of PDPN includes achieving good glycemic control, following foot care practices, including the use of appropriate
footwear and treatment for pain relief. The treatment of choice varies from topical application to the pain relieving patches and
use of drugs such as anticonvulsants, antidepressants, and opioids which have shown some beneficial effect. Interventional and
regional anesthesia have also been tried for the treatment of PDPN. Surgical decompression has shown a favorable effect on
pain relief. There are unmet needs in the therapeutic management of PDPN, as available drugs give acceptable pain relief in
very few patients, and fear of side effects may limit full‑dose treatment. Till date, no medicine is available to reverse neuropathy.
Keywords: Complications, diabetes mellitus, neuropathic pain, neuropathy, painful neuropathy

Introduction
Painful limb is a commonly faced challenge and needs
to be distinguished between musculoskeletal, vascular,
and neurological cause. The focus of this article is
limited to neuropathic pain associated with diabetes.
Neuropathic pain occurs as a result of direct damage to
the somatosensory nerves, worldwide the most common
cause of it is diabetic peripheral neuropathy (DPN).[1]
Nearly 50% of individuals with long‑standing diabetes
suffer from peripheral neuropathy (PN) and about
7%–10% of newly diagnosed individuals with diabetes
have neuropathy.[2] The prevalence of painful diabetic
peripheral neuropathy (PDPN) among individuals with
diabetes mellitus (DM) is roughly about 10%–20%
and in those with DPN is about 40%–50%.[3‑5] A study
from Belgium reported the prevalence of PDPN as 14%
among individual with diabetes, with higher number of
cases being reported in subjects with type 2 diabetes
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than type 1.[6] In another study, up to 25% of individuals
having prediabetes had PN, and among them, up to 21%
had neuropathic pain in a less severe form.[7]

Risk Factors
Apart from the well‑known risk factors of DPN, i.e.,
obesity, older age, cigarette smoking, duration of diabetes,
and poor glycemic control (elevated HbA1c), the risk
factors specific for PDPN include genotypic variants of
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voltage‑gated sodium channels (NAV 1.7 mutations),
nephropathy, and Vitamin D deficiency.[8‑13] Studies have
suggested changes in central nervous system (CNS) as
conferring additional risk for PDPN.[14‑17] However, these
remains as association, without any hints of causation.

Pathophysiology of Diabetic Peripheral
Neuropathy
Chronic hyperglycemia activates collateral pathways
of glucose utilization in peripheral nerves [Figure 1].[18]
End products of these pathways cause oxidative stress,
release of inflammatory cytokines, and mitochondrial
dysfunction. This leads to microvascular changes, nerve
ischemia, and structural and functional alteration in
peripheral nerve contributing to the onset and progression
of DPN – painful or painless.
To understand the pathogenesis, it is important to revisit
the pain pathway as shown in Figure 2. Learning that, it is
easy to understand the following theories and hypothesis
related to the pathogenesis of PDPN.

Insulin deficiency is closely linked to mitochondrial
dysfunction, altered neurochemical synthesis, reduced
capacity of regeneration, growth, and repair, thus
triggering neuronal dysfunction. There is a growing
evidence that insulin deficiency in relatively euglycemic
individuals can trigger DPN.[21‑23] Animal studies have
shown an improvement in sensory and motor nerve
conduction defects with a prevention of axonal atrophy
with intrathecal delivery of insulin for 4 weeks, which
was not observed with subcutaneous insulin.[24] Local
intraplantar (hindpaw) insulin delivery in experimental
rats have shown to reverse loss of intraepidermal nerve
fiber density and a slight decrease in DPN symptoms.[25]
Neuromas and ectopic signals causing hyperexcitability
Initial low levels of oxidative stress due to hyperglycemia
affects small nerve fibers; with increase in oxidative
stress, there is an escalation in the stages of DPN.[26‑28]

Microvascular blood flow
Increased blood flow due to structural and functional
abnormalities in vasa-nervosum and arteriovenous
shunting in epineural blood vessels causing elevated
nerve epineural oxygen saturation has been considered to
have a role in the pathogenesis of PDPN. Serum markers
of angiogenesis (vascular endothelial growth factor) and
endothelial dysfunction (soluble intercellular adhesion
molecule‑1) were found to be elevated in painful DPN
and symptomatic DPN, respectively.[19,20] Together, the
aforesaid factors suggest that vascular abnormalities
could contribute to diabetic neuropathy.
Insulin signaling pathway defects
Insulin contributes to proper neuronal function by
increasing expression of neuromodulator proteins
and peptides such as calcitonin gene‑related peptide.

Figure 1: Pathophysiology of DPN and PDPN. PDPN: Painful diabetic

peripheral neuropathy, DPN: Diabetic peripheral neuropathy
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Figure 2: Revisiting the pain pathway. Any noxious stimulus

releases inflammatory chemicals at the site which triggers the
depolarization of nociceptors thus generating action potential. This
action potential is carried by afferent nerves via DRG to dorsal
horn of spinal cord, where nociceptive sensations are relayed
in spinal cord to spinothalamic tract by release of glutamate and
substance P. These chemicals transmit pain information through
spinothalamic tract to thalamus then to cortex where pain is
interpreted and perceived. The afferent nerves and DRG are PNS,
and Dorsal Horn onward, i.e., Spinal cord and brain are CNS.
The afferent nerves A‑delta (myelinated) and small unmyelinated
C‑fibers are mainly responsible for carrying nociceptive sensations.
Superficial sharp pricking pain is transmitted by A delta fibers
and deep seated aching, burning, itching pain associated with
hyperalgesia and allodynia is transmitted by Small unmyelinated
C fibers. A alpha‑ carries limb proprioception, A‑beta carries limb
proprioception, pressure and vibration. DRG: Dorsal root ganglion,
CNS: Central nervous system, PNS: Peripheral nervous system
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Damaged nerves regenerate by sprouting in all directions
called neuromas which then cause pressure damage to
the adjacent undamaged nerves[29] and generate ectopic
signals which affects the surrounding unaffected nerves
and cell bodies of dorsal root ganglion (DRG) which
is responsible for hyperexcited responses along with
increased sensitivity to a given stimulus also called as
peripheral sensitization.[30] These increased signals alter
the gate (described below in gate control theory) and are
perceived as pain.
Role of dorsal root ganglion
DRG was once thought to be only a conduit between
peripheral nervous system (PNS) and CNS. However,
currently, DRG is considered to be a part of PNS and has
a role in peripheral sensitization through expression of
voltage‑gated sodium channels and voltage‑independent
potassium channels. [31] Voltage‑gated calcium
channels (Cav 3.2) have a role in allodynia.[32]
Sympathetic modulation
Normally, A‑delta and C‑fibers are not directly connected
to sympathetic nervous system, but nerve damage in
periphery causes sympathetic sprouting in DRG and there
occurs epinephrine‑mediated transmission from one axon
to another, which causes sympathetic sensory coupling
and sympathetically mediated pain.[33,34]
Gate control theory
Transmission of impulse from PNS and CNS is gated
at dorsal horn. A‑delta and C‑fibers (associated with
pain stimulus) open the gate and A‑beta (associated
with touch/vibration/pressure) closes the gate. The final
outcome depends on the input impulses that are generated
in high numbers.[35]
Central inhibition
Transmission of pain signals at the dorsal horn is controlled
by brainstem nuclei via the descending modulatory pathway.
These may dampen or increase the pain signal. The
inhibitory effect is caused by projecting serotonin or opioid,
thus decreasing pain sensation. Exogenous opioids imitate
endogenous opioids and antidepressants (especially selective
serotonin reuptake inhibitors [SSRIs]) increasing availability
of these neurotransmitters in the dorsal horn. In contrast,
anxiety and fear influence this inhibitory mechanism; thus,
cognitive behavioral therapy is helpful in pain management.[36]

Definition, Classification, and Clinical
Manifestation
PDPN is defined as “pain as a direct consequence of
abnormalities in the peripheral somatosensory system

in people with diabetes.”[37,38] DPN has a varied range
of presentation and it is classified depending on the
pattern, fibers involved, and pain character. The
classification system of typical (distal sensorimotor
polyneuropathy [DSPN]) versus atypical (all other
forms of DPN) as described by Thomas and Boulton
is universally acceptable.[39,40] Characteristics of both
are described in Table 1.[2,37,39,41‑48] When classifying
on the basis of pain symptoms, DPN can have positive
or negative symptoms, can be acute or chronic and
can have different pain character as described in NPSI
questionnaire [Figure 3].

Acute Painful Neuritis
Sudden tight glucose control in long‑standing diabetes
leads to small fiber neuropathy (SFN) manifesting in
severe pain and paresthesia occurring in 6 months of
rapid glucose control also called as treatment‑induced
neuropathy (insulin neuritis).[49] Pain is generally more
in the feet than the hands, symmetric in nature and
length dependent, but few may report generalized pain,
especially in type 1 diabetes. It is also associated with
worsening of preexisting retinopathy and autonomic
dysfunction, especially in type 1 diabetes. Pain is
self‑limiting and improves with slower glucose control.
Acute neuritis or polyneuropathy can occur following
poor glycemic control with ketoacidosis, although it is a
rare phenomenon but responds to good glycemic control.
Sometimes, there may be continuous unremitting burning
pain as if walking on a hot sand with exacerbations at
night with significant allodynia and hyperalgesia leading
to hopelessness and depression. In worse cases, appetite
is lost, which is associated with significant weight loss
termed as diabetic neuropathic cachexia.[50] Motor
function remains intact, while mild sensory loss is noted,
more for thermal than vibration. It is self‑limiting and
needs symptomatic treatment. Other causes of neuropathy
with weight loss such as amyloidosis, heavy metal
toxicity, Fabry’s disease, and HIV should be excluded.

Chronic Painful Diabetic Neuropathy
It refers to painful neuropathy, which is going on for more
than 6 months. DSPN, sensory and sensorimotor, is the
most common presentation of chronic diabetic neuropathy,
which can be painful or painless.[2] It has length‑dependent
glove stocking pattern of involvement, i.e., pain reaches
upto the knee first before fingers/hands are involved, in
severe cases trunk is involved [Table 1]. Others forms
of chronic painful diabetic neuropathy (CPDN) includes
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Table 1: Typical and atypical diabetic peripheral neuropathy
Typical DPN

Atypical DPN

Most common presentation~75%
Involves both large and/or small nerve fibers
Length dependent dying back process (pain reaches up to knee initially, later affects
fingers, in severe cases trunk is involved) ‑ Glove‑stocking pattern
Large fiber involvement ‑ Loss of vibration, position, touch and
pressure (protective) sensation, loss of ankle reflex and/or sensory ataxia
Small fiber involvement ‑ Loss of pin prick and temperature sensation
NCS ‑ Reduced or absent sensory nerve action potential, with neuropathy
progression decreased compound motor action potential amplitude (with large fiber
involved)
Correlates directly with duration and severity of diabetes

Less common
Involves small nerve fibers
No definite pattern of involvement ‑ May be length dependent,
generalized or patchy involvement
Small fiber involvement ‑ Loss of pin‑prick and/or temperature
sensation
NCS ‑ Normal (no large fiber involvement)

Can occur anytime during the course of diabetes, even in
individuals with prediabetes
Progressive in nature
Monophasic course or fluctuating over time
Associated with retinopathy and nephropathy
Retinopathy and/or nephropathy may or may not be present
Autonomic features ‑ May present but less common
Autonomic features ‑ More common
Example ‑ DSPN‑sensory and sensorimotor‑chronic, generalized
Classified into symmetric and asymmetric
Symmetric generalised
Acute ‑ Insulin neuritis, diabetic cachexia
Autonomic
Asymmetric ‑ Focal or multi focal
Radiculoplexopathy ‑ Cervical, thoracic, lumbar
Mononeuropathy ‑ Ulnar, median, peroneal
Cranial nerves ‑ III, VI, IV
CIDP
DPN: Diabetic peripheral neuropathy, DSPN: Distal symmetric polyneuropathy, CIDP: Chronic inflammatory demyelinating polyneuropathy, NCS: Nerve
conduction studies

Figure 3: Characteristics of painful and nonpainful DPN. *Allodynia: Feeling of pain even on application of nonpainful stimulus.

**Hyperalgesia: Increased sensitivity to painful stimulus. DPN: Diabetic peripheral neuropathy

diabetic mononeuropathies or multiple mononeuropathies.
The most common mononeuropathies are median
neuropathy at the wrist and ulnar neuropathy at the elbow.[51]
In cranial mononeuropathies, third‑nerve (oculomotor)
palsy is the most common, followed by fourth (trochlear),
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seventh (facial), and sixth (abducens). Diabetic third‑nerve
palsies are characteristically pupil sparing.[52] Multiple
neuropathies refer to the involvement of two or more
nerves. These nerves are involved sequentially or
irregularly one after another. Another type of CPDN
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includes diabetic radiculoplexopathy, which typically
presents with severe pain in the lower back, hip, and
thigh in a unilateral manner. Atrophy and weakness of
muscles (proximal more than distal) are apparent within
a few days to weeks. Weakness usually progresses over
several weeks to month and later there is slow recovery.
Pain subsides before the motor symptoms improve,
but there may be residual weakness, sensory loss, and
pain.[53] There may be coexisting DSPN in half of these
individuals. Individuals with severe pain in acute stage
have been treated with glucocorticoids, intravenous (IV)
immunoglobulin, and cyclophosphamide therapy.[54]
PDPN is also associated with autonomic features such as
postural hypotension, bowel/bladder incontinence, erectile
dysfunction, abnormal sweating, and dryness of the skin.
In the feet, excessive dryness leads to fissures, which can
act as a portal of entry for the bacterial infection.[53]

Diagnosis
History
Limb pain needs to be differentiated between neuropathic
and non-neuropathic, neuropathic pain is associated
with nerve distribution territory or dermatome, whereas
non-neuropathic pain does not. Furthermore, non-diabetic
causes [Table 2] should be ruled out wherever suspected.
Pain in DPN is bilateral and symmetrical. It involves toes/
forefoot or entire foot ascending upward and worsens at
night. Involvement of hands and trunk is seen in severe cases,
sometimes causing disturbed sleep and tiredness during the
daytime.[40] Three highly sensitive symptoms indicating
DPN are tingling, numbness, and increased pain on touch.[55]
Table 2: Differentials of painful diabetic peripheral
neuropathy
Etiology

Typical syndromes (examples)

Mechanical
(compressive/traumatic)

Carpal tunnel syndrome
Postsurgical pain
Painful radiculopathy
Cancer pain
Phantom limb pain
Postherpetic neuralgia
HIV neuropathy
Leprosy
Guillain–Barré syndrome
Critical illness polyneuropathy
Diabetic polyneuropathy
Vitamin B12 deficiency
Chemotherapy‑induced peripheral neuropathy
Alcoholic neuropathy
Postradiation neuropathy
Charcot‑Marie‑tooth disease
Fabry’s disease

Inflammatory
(infectious/autoimmune)

Metabolic/ischemic
Toxic
Radiation
Hereditary

Examination
Before neurological examination, foot inspection
should be carried out, looking for skin abnormalities,
ulcers, cracks (fissures), callosities, nail abnormalities,
infections, deformities (clawing of toes, hammer toe,
Charcot foot, etc.) and identifying high‑risk areas of
ulceration, muscle wasting, and range of motion at
joints.[56] Vascular examination involves palpation of
dorsalis pedis and posterior tibial arteries, assessing for
temperature differences between the limbs, loss of hair,
and assessment of ankle brachial index.
Neurological examination involves detailed assessment
of various systems. In motor system examination, one
should look for atrophy of small muscles of the feet,
strength of dorsiflexors, and plantar flexors of the feet,
toe, and fingers and to check for ankle reflexes, if it is
reduced or absent.[57] Large fiber sensory assessment
includes vibration, position, light touch, and pressure
sensations. Vibration assessment (A‑alpha, A‑beta fiber)
is done using a 128‑Hz tuning fork/biothesiometer.
Biothesiometer has greater accuracy; if the vibration is not
felt at >25 volts, it is termed to be abnormal.[58] Position
sense (A‑beta fiber) of the great toe should be assessed by
plantar flexion and dorsiflexion at metatarsophalangeal
joint and interphalangeal joint with closed eyes. Light
touch and pressure (A‑beta fiber) is assessed with a 10‑g
Semmes–Weinstein monofilament; a 3‑point check is
considered to be effective than 10‑point check.[59] Test is
abnormal if the patient does not perceive the touch and
absence of protective sensation increases the risk of ulcer
development.[60] Small fiber sensory test includes pinprick
and thermal sensation; pinprick (C fibers) is assessed
using an instrument called “Neurotip,” which has a high
specificity (88%) in ruling SFN.[61] Temperature (A‑delta
fibers) assessment is done using glass tubes filled with
hot and cold water or a simple tool called “Tip Therm.”
It has high sensitivity (98%) especially for warm
detection.[61] Allodynia (denotes small fiber affliction) or
pain on simple touch sensation is assessed using brush
or cotton wisp, if the sensation is not perceived distally
then the examination should be carried out proximally
till the sensation is perceived to identify the area of
involvement.[60]
There are grades of certainties when diagnosing PN:
possible, probable, and definite. When there are only
symptoms or signs - it is a possible DPN, if symptoms
and signs both are present- it is a probable DPN and if
both symptoms and signs are present with confirmed
diagnostic testing - it is a definite DPN.[37,62,63] It is not
always possible to conduct Nerve Conduction Studies
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(NCS) in clinical practice or it may be negative if small
nerve fibers are involved hence for practical purposes
probable neuropathic pain is enough for the diagnosis
i.e., the presence of abnormal pin prick or decreased
thermal perception and inability to detect vibration along
with symptoms gives the diagnosis of DPN. As per the
recommendation of American Diabetes Association
(ADA), all the subjects with type 2 diabetes should
be screened for DPN at the diagnosis and for type 1
diabetes after 5 years of diagnosis and annual screening
thereafter.[64]
Scores and scales
Scores for identifying the pain of neuropathic origin are
Douleur Neuropathique 4 (DN4) questionnaires, Leeds
Assessment Neuropathic Symptoms and Signs scale,
Neuropathic Pain Questionnaire, and IDentification
Pain (ID Pain).[65‑68] Scores to assess the severity of
neuropathic pain and its interference with daily life or
for the assessment of quality of life are Modified Brief
Pain Inventory and the Patients Global Impression of
Change scale (PGICS). The scoring systems are mainly
used for research purposes. In clinical practice, Visual
Analog Scale (VAS) or 11‑point Numerical Rating
Scale (11‑point NRS) are used to grade the pain intensity.
Among all the scores, DN4 questionnaire has a good
sensitivity and specificity in identifying neuropathic pain,
it can be used in routine clinical practice. It is a 10‑point
questionnaire with 7 sensory descriptors (burning, painful
cold, electric shock like, tingling, pins and needles,
numbness, and itching) and 3 clinical signs (touch
hypoesthesia, pin prick hypoesthesia, pain provoked, or
increased on brushing). Positive response to each carries
1 point and negative response 0 point. Scores ≥4/10
indicate neuropathic pain. For guiding the treatment, the
NPSI Questionnaire is useful. In NPSI, symptoms are
categorized as : a) spontaneous superficial pain‑burning;
b) spontaneous deep pain‑squeezing, pressure like;
c) Paroxysmal painful attacks‑electric shock like or
stabbing; d) evoked pain‑pain provoked or increased
by brushing, pressure, cold in the painful area and e)
abnormal sensation (paresthesia/dysesthesia)‑tingling
or pins and needles.[69] The PGICS measures responses
from very much improved to very much worse.[70] VAS
and 11‑point NRS are the linear scales where the patients
can mark from no hurt to the worst possible hurt.[71]
Laboratory test and imaging
DPN is a clinical diagnosis, radiological and laboratory
testing is rarely needed. It should be carried out
wherever applicable according to the differentials.[72]
The differentials for clinical diagnosis have been
104

mentioned in Table 2. Glycosylated Hemoglobin
(HbA1c) should be tested to know the status of
glycaemic control. Furthermore, it is important to
obtain a fundus examination to look for associated
diabetic retinopathy, normal fundus examination will
not rule out DPN, but the presence of retinopathy will
support the diagnosis.
Objective tests
Nerve conduction studies
This test is a highly sensitive and specific in the diagnosis
of large fiber neuropathy, but it does not diagnose SFN,
which can develop early in the course of disease. The typical
finding in DSPN is reduced or absent sensory nerve action
potential from predominant axonal loss mainly in the legs.
With disease progression, compound motor action potentials
are also reduced and abnormalities may be observed in
hands too, thus reflecting length‑dependent degeneration of
large myelinated nerve fiber. Nerve conduction velocities
are normal or only mildly delayed, if it is <70% of lower
normal limit, or if the conduction block is present, there is
superimposed peripheral nerve demyelination.
Electromyography
It is performed to distinguish neuropathic from myopathic
processes, especially when there is motor involvement. It
is performed in distal muscles in entrapment neuropathy,
in proximal muscles in amyotrophy, and in paraspinal
and limb muscles in suspected radiculopathy.
Bedside quantitative sensory testing
This is used to detect both small and large fiber affection.
It has seven components, i.e., thermal non- painful
perception, touch sensation (dynamic and static
mechanical detection), mechanical pain sensitivity,
wind up, dynamic mechanical allodynia, pressure pain
sensitivity, and vibration perception.[73]
Intraepidermal nerve fiber density
It is an invasive procedure (involves skin biopsy) that
is not done routinely in a clinical practice. It is more
sensitive than NCS or sural nerve biopsy in diagnosing
SFN.[74]
Treatment
There are three major approaches to the treatment
of PDPN. The only approach which slows down the
progression of DPN and the associated pain is tight
glycemic control. The other two are pathogenesis‑based
treatment and symptomatic pain management.
Glycemic control
Reduction in HbA1c can improve SNF function, nerve
conduction, and vibration threshold abnormalities.[75] The
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HbA1c goal is <7% for most DPN patients, but the risk
of hypoglycemia and complications should be taken into
account before tight glucose control.[75] In Type 1 diabetes,
studies have shown the role of intensive glucose control
in both primary and secondary prevention of PDPN.
In type 2 diabetes, poor glycemic control is certainly a
risk factor for PDPN, but intensive glycemic control has
shown only modest but statistically significant benefit for
secondary prevention of PDPN.[75] The reasons for this
probably could be dyslipidemia, obesity, and cardiovascular
complications associated with type 2 diabetes, which by
themselves are independent risk factors for PDPN. In
DCCT Trial, tight glucose control using daily basal, 3-4
bolus injections, or insulin pump has shown a superior result
with 64% decrease in neuropathy over a period of 5 years
as compared with twice daily combination of intermediate
acting and rapid acting insulin.[76] A study showed that
treatment with insulin‑sensitizing drugs in Type 2 DM has
got less incidence of DPN compared to insulin‑providing
treatment.[77]
Treatment based on pathogenetic mechanism
1. Pancreatic transplantation: It has shown reversal of
neuropathy and improvement in neurophysiological
parameters.[78‑80] However, such benefits take around
10 years after transplantation.[81] Due to complexity
of procedure, the lesser invasive option of islet
cell transplantation has been suggested in type 1
diabetes and it has shown a marked improvement
in neurophysiology[82]
2. α‑Lipoic acid: It is an antioxidant licensed to treat
symptomatic DSPN.[1] Clinical improvement is seen
with IV 600 mg/day over 3 weeks in a meta‑analysis
with 4 randomized control trials (RCTs).[83] However,
another RCT showed no improvement in neuropathy.[84]
Hence, efficacy is uncertain
3. Benfotiamine (B1)/Methylcobalamine (B12)/
Pyridoxine (B6): BEDIP study with B1 200 mg once
daily for 3 weeks and BENDIP with B1 300 mg and
600 mg once daily for 6 weeks showed subjective
pain relief.[85] B1 with B6/B12 combination for
12 weeks improved nerve conduction and vibration
perception in peroneal nerve[86]
4. Aldose reductase inhibitors: Epalrestat (50 mg thrice
daily) treatment is associated with improvement in
nerve conduction as well as symptoms however side
effects such as hepatic dysfunction and gastrointestinal
adverse effects have to be considered[87]
5. Angiotensin‑converting enzyme inhibitor: In a large
RCT (DEMAND Study), delapril was shown to

significantly reduce the progression of neuropathy
compared to placebo
6. Control of dyslipidemia and hypertriglyceridemia:
Lipid‑lowering agents like HMG Co‑A reductase
inhibitors have neuroprotective effects. Lowering
triglycerides with diet and exercise have shown to
increase IENFD in subjects with impaired glucose
tolerance[62] and fenofibrate was shown to reduce
amputations in the FIELD study.[88,89]

Symptomatic pain management
There are three treatment options that are approved by the
FDA for the treatment of painful PDPN i.e., duloxetine,
pregabalin, and tapentadol ER extended release. In
painful DPN, monotherapy is not a rule and 100%
pain relief is not always a reachable goal. Even 30%
reduction in pain intensity from baseline is considered
meaningful.[90] Various medications that have shown
significant pain relief with tolerable side effects are used
in practice [Table 3].[91‑94] It is important for clinicians to
gain an overview about mechanism of pain and possible
treatment options [Figure 4].
First‑line agents
GABA analogs
For clinical use pregabalin is preferred over gabapentin
which is a FDA approved because of higher quality
studies available on effects, predictable pharmacokinetics,
shorter titration period, and improves numerous quality
of life measures. Gabapentin nonetheless has few drug
interactions, less expensive and improves mental health
and vitals. Prominent side effects includes somnolence,
dizziness, peripheral edema, headache, xerostomia,
and constipation.[95] These drugs do not generally have
addiction potential, but both pregabalin and gabapentin
should be avoided in people with a history of substance
abuse disorder; both agents can have side effects if used
concomitantly with other psychoactive agents.[96]
Serotonin norepinephrine reuptake inhibitor
Duloxetine is FDA approved drug. Major side effect is
nausea. Other less common but serious side effects are
hepatotoxicity, orthostatic hypotension, falls and syncope,
serotonin syndrome, abnormal bleeding, severe skin
reactions, mania, angle closure glaucoma, hyponatremia,
seizures, urinary hesitancy, and retention.[97]
Tricyclic antidepressants
This includes amitriptyline, nortriptyline, and
desipramine. Major side effects are dry mouth, urinary
retention, orthostasis, insomnia, fatigue, headache, and
dizziness. Anticholinergic side effects can be lowered
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Table 3: Pharmacological treatment of diabetic peripheral neuropathy‑dosage
Drugs

Initial dose

Titration

Maximum dose

Pregabalin

50 mg tds/75mg bd as
tolerated

↑To 300 mg after 3-7 days, then
150 mg/day every 3-7 days as
tolerated

Gabapentin

100-300 HS or 100-300
TDS as tolerated

↑By 100-300 mg TDS every
3-7 days as tolerated

Duration

Calcium channel α2‑δ ligands
>300 mg/day is not consistently more
effective, though maximum upto 600mg/
day can be given (200 mg tds or 300 mg
bd) Decrease the dose if deranged renal
functions
3600 mg (1200 mg/tds) ↓if deranged
renal functions

4 weeks

3-8 weeks for
titration plus
2 weeks at
maximum dose

SNRI
Duloxetine
Venlafaxine
TCA
Amitriptyline
Nortriptyline

30 mg OD (lower initial
dose to avoid nausea)
37.5 mg OD/BD

↑To 60 mg OD after 1 week

60 mg BD

4 weeks

↑By 75 mg each week

225 mg/day

4-6 weeks

10 mg HS
25 mg HS

↑By 10 mg every 3-7 days
25 mg/day every 3-7 days as
tolerated

75 mg (25-75 mg)
150 mg/day <100 mg/day in ischemic
heart disease and ventricular conduction
abnormalities

4 weeks
6-8 weeks

Opioids and opioid like
Tramadol

50 mg once or twice daily

↑By 50-100 mg/day in divided
400 mg/day (>75 years-300 mg/day)
4 weeks
doses every 3-7 days as tolerated
Tapentadol (ER)
50 mg BD
50 mg BD every 3-7 days
500 mg/day
Morphine
10-15 mg every 4 hourly
After 1-2 weeks convert total
‑
4-6 weeks
or as needed
daily dose to long‑acting opioid
and give short‑acting opioids as
required
TCA: Tricyclic antidepressants, SNRI: Serotonin norepinephrine reuptake inhibitor, OD: Once a day, BD: Twice a day, TDS: Thrice a day,
HS: at bedtime, ER: Extended Release

Figure 4: Pain targets

by slow titration or using secondary amines. These
agents should be used with caution in patients with
ischemic heart disease and ventricular conduction
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abnormalities. All patients above 40 years should get
an electrocardiogram done before starting on these
agents.[98]
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Second‑line agents
Opioid‑like drugs
Tramadol and tapentadol (ER) are the agents used to
treat PDPN. Major side effects are constipation, nausea,
drowsiness. These agents are used only as second‑line
drugs in people whose pain is severe not controlled
with first‑line agents and requiring opioids daily
round‑the‑clock.[99] Serotonin norepinephrine reuptake
inhibitor (SNRIs) such as venlafaxine can be used as
a second‑line agent. Major side effects are nausea;
however, the drug can also cause cardiac conduction
abnormality and hypertension.[100,101] These are obvious
factors limiting the drug use. Venlafaxine causes
withdrawal symptoms when stopped immediately; hence,
it is advised to taper down the medicine slowly.
Topical medications
Five percent lidocaine-acts by stabilizing neuronal
membrane via inhibiting fast voltage‑gated sodium
channels.[102] In general, one patch is applied daily
with a maximum limit of 3 patches per day. Capsaicin
0.075%-acts by Transient receptor potential cation
channel subfamily V member 1 (TRPV1) desensitization
and also by depleting substance P.[103,104] It is applied
4 times daily. Isosorbide dinitrate spray-acts by dilatation
of endoneurial blood vessels; the dose is 30 mg daily
applied at the bottom of the feet.[103]
Third‑line agents
Selective serotonin reuptake inhibitor
Citalopram and paroxetine are the agents used from this
class. Dose ranges from 10 to 40 mg daily.[105,106]
Opioids
Oxycodone and morphine sulfate are the agents
used. Dose range for oxycodone is 10–40 mg twice
daily (maximum dose is 120 mg) and for morphine
sulfate is 15–30 mg, 12‑24 hourly. Major side effects are
constipation, nausea, and sedation.[98]
Valproate, topiramate, carbamazepine, oxcarbazepine,
lamotrigine and lacosamide are not recommended for
treatment of PDPN.[107,108]
As a conclusion to this section, pregabalin, gabapentin,
duloxetine and amitriptyline have level A evidence
for first‑line treatment of PDPN.[107,109‑113] SNRIs such
as venlafaxine, opioid‑like medication‑tramadol and
tapentadol (ER) also have level A evidence for second‑line
treatment of PDPN.[107,109,111‑115] Topical treatment like
lidocaine patch 5% or Capsaicin 0.075% cream have Level B
evidence for second‑line treatment of PDPN.[103,107,112,116,117]
Finally, SSRIs like citalopram, paroxetine, ecitalopram and

opioids‑oxycodone controlled release may be used ideally,
only as next line therapies.[107,109,111,112,118]
Additional Evidence From Clinical Trials
This section will help in choosing the agents based on the
evidence from clinical trial. Trial conducted by Wernicke
and colleague suggests that the appropriate dose of
duloxetine is 60 mg once a day. In a meta‑analysis,
comparing duloxetine and pregabalin, pregabalin showed
a marginal improvement over duloxetine, Duloxetine
and amitriptyline also had a comparable efficacy.[119‑121]
In a trial by Max et al., amitriptyline and desipramine
showed comparable pain relief.[122] In various studies,
amitriptyline was compared with pregabalin, duloxetine
and gabapentin taken together these studies showed
pregabalin to be superior and duloxetine and gabapentin
having comparable efficacy.[121,123,124] Algorithm used
in clinical practice for the management of PDPN is
shown in Figure 5. Consensus guidelines by Argoff
et al., recommends duloxetine as the first choice
followed by pregabalin, tricyclic antidepressant (TCAs),
and oxycodone (CR).[125] The American Association
of Neurology (AAN) guidelines recommend use
of pregabalin as the first‑line therapy with level A
recommendation. Gabapentin, amitriptyline, venlafaxine,
duloxetine, sodium valproate are the second‑line agents
with level B recommendation. Use of dextromethorphan,
oxycodone, morphine sulfate, and tramadol has got
level B recommendation and to be used after failure
of response to anticonvulsants and antidepressants.
The AAN guidelines recommend against the use of
oxcarbazepine, lamotrigine, and lacosamide (level B).[126]
Preference to medications depends on the comorbidities
and contraindications [Table 4] as per the Toronto
Consensus Panel on Diabetic Neuropathy.[127] There are
some additional benefits with individual agent along
with pain relief. For example- duloxetine and TCAs
may be chosen for PDPN with depression, duloxetine
Table 4: Selected contraindications to pharmacotherapy
in painful diabetic peripheral neuropathy
Contraindicated drugs

Comorbidities

TCA

Glaucoma
Old age
Unsteadiness and falls
Cardiovascular disease
Orthostatic hypotension
Weight gain
Edema
Hepatic disease, renal disease
High cost

TCA, pregabalin
TCA, opioids
TCA, pregabalin, gabapentin
Pregabalin, gabapentin
Duloxetine
Duloxetine, pregabalin
TCA: Tricyclic antidepressants
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Figure 5: Practical approach to the management of DPN. DPN: Diabetic peripheral neuropathy

and pregabalin for generalised anxiety disorder and
duloxetine, Pregabalin, TCAs and opioids for PDPN
with insomnia.[128] The dose of appropriate and effective
medication chosen should be titrated according to the
efficacy and side effects. Lack of efficacy should be stated
only after 2–4 weeks of trial using adequate dosage.[129]
A practical approach to the management of DPN is
summarized in Figure 5.[130]
Combination therapies
Combination versus Monotherapy of pregaBalin and
dulOxetine in Diabetic Neuropathy study (COMBO-DN)
is one such study, where the responses to treatment in
subgroups based on sensory profiles were prospectively
assessed with initial monotherapy and then combination
therapy of duloxetine and pregabalin.[131] The data suggest
that if there is insufficient pain relief after 8 weeks
treatment of 60 mg/d of duloxetine, patients might
benefit from combination treatment by adding 300 mg/d
of pregabalin especially if they have high intensity
pressing pain and evoked pain. However, it is possible that
maximizing therapy with duloxetine to 120 mg/d might be
helpful in patients having paresthesia and dysesthesia. In
contrast, patients who are started on pregabalin initially
with 300 mg/d, adding 60 mg/d duloxetine in case of
nonresponse led to numerically higher decrease in NPSI
dimensions/items compared to maximizing the pregabalin
dose to 600 mg/d. Furthermore, it was suggested that
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this combination therapy works better in mild–moderate
pain; in severe pain, maximizing monotherapy has greater
benefit (but this finding was not statistically significant).
Several other studies have relied on clustering of clinical
features for selecting phenotypes responding to drugs, but
no clear evidence has emerged.[132‑134]
Surgical decompression
It has been tried in refractory cases. It is evident from
autopsies of diabetic neuropathy patients that the nerves
affected were 50% larger in cross‑sectional area with
significant edema and thus vulnerable to compression at
anatomical tunnels such as carpal tunnel and tarsal tunnel.
This can cause pain, which could also be a glove stocking
distribution type. This compression initiates a cascade of
pathology causing subperineural and endoneural oedema
which leads to impaired blood nerve barrier. Thus causing
connective tissue changes leading to perineural thickening
and a cascade of demyelination and degeneration. Hence,
decompression surgeries have shown effect on not just
pain relief but significant prevention of foot ulcers and
amputation. However, this procedure has limited benefit
except in some specific situations; moreover, patients
often do not wish for an invasive therapy.[135]
Nonpharmacological treatment
There are several nonpharmacological approaches such
as foot care, lifestyle interventions (weight loss, alcohol,
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and smoking cessation), exercise or balance training,
physical therapy, and cognitive‑behavioral therapy.
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Electrical nerve stimulation-transcutaneous and
percutaneous : it can be started anytime as an adjunct to
pharmacological treatment and may reduce the need for
oral nonopioid analgesic medication.[136,137]
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Spinal cord stimulation
It is one of the emerging options. A randomized control
trial showed that 10‑kHz spinal cord stimulation relieves
pain without exacerbating underlying paresthesia and
thus can be considered in cases of inadequate pain
relief.[138] DRG stimulation/neuromodulation has also
shown a promising result in refractory PDPN.[139]
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Monochromatic infrared energy (MIRE)
It was approved by the FDA in 1994 to increase circulation
and reduce pain.[140] Symptomatic reversal of DPN was
reported with the use of noninvasive MIRE device.[141] An
RCT showed 50% improvement in sensation in subjects
who had not progressed to profound sensory loss and
decreased symptoms among those with loss of protective
sensation after 6–12 active treatments.[142]
There are other pharmacological options which are under
trial: (a) Xenon402 (Nav1.7 blocker),[143] a peripherally
acting Na(v)1.7 sodium channel blocker (b) EMA401 (a
novel AT2R antagonist),[144] an orally administered highly
selective angiotensin II type 2 receptor antagonist, as
a novel treatment for postherpetic neuralgia, which
is being explored in a randomised, double‑blind,
placebo‑controlled phase 2 clinical trial and (c)
Ziconotide (N Type calcium channel inhibitor),[145] an
FDA‑approved treatment for reducing allodynia, though
intrathecal route of administration limits its use.

Conclusion
Any lower limb pain in an individual with diabetes should
be differentiated between neuropathic and nonneuropathic
pain. Probable diagnosis of PDPN is made if both symptoms
and signs are present in the same dermatomal distribution.
Examination by bedside QST and/or NCS confirm the
diagnosis. Better glucose control and use of pregabalin or
duloxetine can help relieve the symptoms. Gabapentin and
amitriptyline may also be used as first‑line agents. Opioid‑like
drugs and topical treatments are used as second‑line agents.
Nonpharmacological measures include foot care and lifestyle
management. Other therapies like electrical nerve and spinal
cord/DRG stimulation have shown some benefits in pain
relief. There is a need for further research to better understand
the pathogenesis and the management to halt the progression
or reverse the neuropathy.
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Abstract
Infectious diseases are more common and severe in diabetes. Diabetes predisposes to various infections through alterations in
innate and acquired immune defences. Outcomes of infection are worse in people with uncontrolled glycemia, including an
increased mortality. The infections can affect all organs and all systems. In patients with diabetes, the infections can be broadly
classified into two categories. Infections that are common in the general population have more severe clinical presentation and
worse outcomes among patients with diabetes. The second group is of infections that are peculiar to patients with diabetes,
being virtually rare in the normal population, such as foot infections, malignant external otitis, rhinocerebral mucormycosis,
emphysematous pyelonephritis and gangrenous cholecystitis, etc. Epidemiological data on the true incidence of atypical and rare
infections are scarce. This review will highlight the prevalence, consequences, severity, and pattern of infections in the population
with diabetes in India. This review of epidemiological prevalence may guide the clinicians for early suspicion, identification of
infectious disease, and right selection of the antimicrobial agents which may lead to a better outcome.
Keywords: Diabetes, epidemiological data, immunity, infections, prevalence

Introduction
The relationship between infection and diabetes is
bidirectional. People with diabetes are more prone
to infections and that too associated with higher
complications, as compared to individuals without
diabetes. Infections per se can lead to hyperglycemia
due to cytokine surge. These cytokines interfere with
insulin signaling mechanisms leading to a state of insulin
resistance, thereby leading to hyperglycemia. It is one of
the leading causes of morbidity and mortality in people
with diabetes, especially in developing parts of the world,
where diabetes is generally recognized during work‑up
for infections.
The COVID‑19 pandemic has spread from its epicenter
in Wuhan, China since December 2019 to infect
over 86 million people with over 1.8 million deaths in
222 countries worldwide till January 2021. COVID‑19
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is associated with more severe outcomes in diabetes.[1]
Moreover, with the use of empirical antibiotics and steroids
for the treatment of COVID‑19, there is an increase in
antibiotic resistance as well as increase incidence of
infections with atypical organisms, which is more in the
case of diabetes.[1]
Actual incidence of infections in diabetes is difficult to
determine, but few infections are predominantly seen in
people with diabetes. Such infections include malignant
otitis externa, mucormycosis, emphysematous forms of
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cholecystitis, cystitis and pyelonephritis, necrotizing
fasciitis, and Fournier gangrene, etc.
This review highlights the prevalence, characteristics,
consequences, and etiological agents implicated in the
infections among people with diabetes in India during the
pre and post‑COVID period along with the mechanisms
how immunity is affected in diabetes.

Diabetes and Immunity
Diabetes impairs both the adaptive immune response
and innate immunity. The increased susceptibility to
infections in diabetes is explained by impaired humoral
and cell‑mediated immunity. In humoral immunity, there
is impaired cytokine production of Interleukin (IL‑1) β,
IL‑6, interferon‑gamma and tumor necrosis factor‑alpha.
These cytokines are important in T‑cell activation which
drives the cell mediated immunity. There is also a defect
in Toll‑like receptor expression in people with diabetes
that impair the recognition of the pathogens by T‑cells.[2]
There is also defect in T‑cell response in diabetes. All
these interrupt both humoral and cell‑mediated immunity.
Regarding innate immune mechanisms, there is neutrophil
dysfunction in the form of defective chemotaxis, adhesion,
rolling, and diapedesis. Hyperglycemia inhibits Glucose
6 Phosphate Dehydrogenase resulting in decreased
nicotinamide adenine dinucleotide phosphate available for
reactive oxygen species formation. This leads to impaired
oxidative burst of neutrophils against the pathogen.
Hyperglycemia also impairs neutrophil degranulation,
decreases immunoglobulin‑mediated opsonization, and
impairs neutrophil extracellular trap formation.[3]
Macrophage function too is impaired in hyperglycemia.
Complement receptor defects were seen on the
monocytes in chronic hyperglycemia resulting in
phagocytic defects.[4] Hyperglycemia causes macrophage
polarisation that shifts to M2‑macrophages, having poor
microbicidal activity and thus weakens the immunity.[5]
Diabetes also causes natural killer cell dysfunction which
impairs the innate immunity of the individual. There is
also inhibition of complement activation via classical or
lectin pathways. As a result of this, there is an increase
in the propensity to infections.

Diabetes, Infection and Mortality
As per the 10 edition of International Diabetes
Federation Diabetes atlas, 6.7 million deaths were
attributable to diabetes in 2021, which accounts for
12.2% deaths from all causes. 32.6% of these deaths
were in adults <60 years of age.[6]
th

A retrospective cohort study in 1999 in Canada compared
patients with diabetes with matched control subjects
without diabetes. Among the diabetes group analysis,
46% of subjects developed infections of which few
required even admission compared to nondiabetes group.
The mortality risk‑ratio was also significantly higher in
the diabetes group.[7]
Indian mortality data too suggests higher mortality among
people with diabetes due to infections. According to the
Chennai Urban Population (epidemiological) Study in
South India 16 study, the diabetic cohort had a three‑fold
higher mortality (18.9/1000 person years) compared
to normoglycemic people (5.3/1000 person years
P = 0.004).[8] Bhansali et al., (hospital‑based retrospective
study in North India) revealed infections as a major
contributor of mortality in diabetes (46.5%) followed
by coronary artery disease and renal failure.[9] Similarly,
a study by Zargar et al. in Kashmir valley too reported
that infections was the major contributory factor for
mortality among 40.9% of people with diabetes. Among
these patients, infection was the sole factor responsible
for mortality in 10.7% of cases.[10,11] Infections were the
leading cause of mortality followed by chronic kidney
disease (30.85%) and cardiac disease (16.3%).[10] An
Eastern India study from Odisha (1991) concluded
that infection was the second most common cause of
mortality (33.7%) after chronic kidney disease (35%).[12]
However, a recent prospective hospital‑based study
from the same center showed that infections were also
the second most common cause of death (27.3%) after
cardiovascular‑related death (51.5%).[13] The mortality
trends in diabetes in developing regions somehow
differ from that of developed regions in most of the
studies. In Western countries, coronary artery disease
and cerebrovascular disease are leading causes, whereas
infections and chronic renal failure in India.

Diabetes and Spectrum of Infection
Various studies have shown that the urinary and the lower
respiratory tract, mucous membrane and skin are the
common sites of infection in diabetes in the community
and surgical wound infection in hospital‑acquired
cases.[14]
Profile of infections in Type 2 diabetes mellitus in a study
from Eastern India revealed that urinary tract infection
was 31.8%, pneumonia was 30.3%, septicemia 30.3%,
malaria 06%, enteric fever 06%, diabetic foot 4.5%, and
tuberculosis (TB) 4.5%.[15] Common infections encountered
in a study from a rural tertiary care hospital of South India
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were: upper respiratory tract infections (29.13%), urinary
tract infections (UTI) (26.17%), lower respiratory
tract infections (LRTI) (15.74%), and pulmonary
Koch’s (11.81%). Balanoposthitis, periodontitis, vaginitis,
amebic liver abscess, infective endocarditis, etc., too are
commonly seen in diabetes.[16] In a study from a tertiary
care center of North India, most common infections
encountered were soft tissue (42.8%), respiratory
tract (30.2%), and genitourinary tract (GUT) (28.5%). In
5.3% cases, infection of more than one site was found.[17]
Genitourinary tract
GUT infection is commonly seen in diabetes. This
includes urethritis, cystitis, prostatitis, and vaginitis in
females. UTI risk is increased by 60% and genital tract
infections rise by two‑four fold in diabetes.[18] Among
people with diabetes, UTI is often bilateral, involves
upper urinary tract (80% cases) and is more likely to
develop complications.[14] Furthermore, recurrence of this
infection (25%–45%) is significantly higher compared
to people without diabetes.[19] The risk of hospitalization
is increased by two folds due to the recurrent nature of
the diseases and complications association with UTI, as
compared to the people without diabetes.[20]
Majority of the Indian people with diabetes with
UTI and positive cultures are asymptomatic (30%).
Escherichia coli (64.6%), Klebsiella (12.1%) and
Enterococcus (9.9%) are the most detected organisms.
Extended‑spectrum beta‑lactamase producing E. coli
variety is detected more in diabetes. Higher prevalence
of pyelonephritis is seen among people with diabetes
with uncontrolled hyperglycemia.[20] In a study, among
495 people with diabetes with UTI, 533 pathogens were
isolated of which Gram‑negative and Gram‑positive
cocci were 362 and 100, respectively, whereas, in 71,
the pathogen isolated was Candida.[21] E. coli was
the most common organism isolated (71%) amongst
Gram‑negative cocci, followed by Pseudomonas (8%)
and Proteus (1%). As far as Gram‑positive cocci are
concerned, enterococci were most seen with 59%
prevalence, Staphylococcus aureus (coagulase negative)
is 25%, beta hemolytic streptococci 8%. Candida species
was seen in 80% and Candida albicans in 20% among
Candida species.[21] Few other Indian studies too revealed
similar uropathogens.[22,23]
A study from Odisha too showed E. coli (61.8%) as the
most common organism followed by S. aureus (14%),
whereas 19.4% subjects had sterile culture.[13] Sridhar
et al. in their study among menopausal diabetic women
found 14% subjects with symptomatic UTI.[24] Studies
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from South India, too found the highest prevalence of
E. coli organism among UTI. The prevalence of UTI
was 26.8% in the study of Bettegowda et al. with highest
pathogen prevalence of E. coli followed by C. albicans.
Another South Indian study by Janifer et al. reported
higher UTI prevalence (42.8%) with E. coli as the most
common organism and 24.3% had sterile culture.[21]
Study from a metropolitan city showed that the lower
socioeconomic cohort of people with diabetes had higher
UTI proportions. Pyelonephritis had 15‑fold higher
hospitalization rate among people with diabetes. As far
as lower socioeconomic strata are concerned, prevalence
of UTI was found to be 56.4% among diabetes group
compared to 43.6% in normoglycemic population.
Whereas amongst higher socioeconomic category,
51.6% people with diabetes and 48.4% people without
diabetes had UTI. Again E. coli was the most common
UTI pathogen in the Type 1 diabetes subgroup.[25]
There is an alarming increase in antibiotic resistance all
over the world. A study from South India carried out on
outpatient department basis found that fluoroquinolones,
the most commonly used antibiotics for uncomplicated
UTI, had 74% resistance.[23] Indian cohort of women
with diabetes with genital infections had vulvo‑vaginal
candidiasis as most common infection, whereas among
uncircumcised men with diabetes, Candida balanitis was
most common.[26]
After the emergence of sodium‑glucose cotransporter
2 (SGLT‑2) inhibitors in the field of diabetic management,
the risk of mycotic genital infections has increased.[27]
Although there is mild‑moderate severity of infection
from SGLT‑2 inhibitors, it responds to conventional
therapy.[27] Cystitis and upper UTI are rarely found.[28]
Respiratory tract infection
LRTI in people with diabetes follow a more serious course
with a longer duration of illness and a complication
rate.[29] The mortality due to LRTI is also increased in
people with diabetes up to four‑fold higher than the
general population. The prevalence of TB is increased
with more complication rates and mortality. The
chances of reactivation of old tubercular lesions are also
increased.[30]
The course of pneumonia, TB, fungal as well as parasitic
infections follow a different course in people with
diabetes, with delayed resolution and recurrent respiratory
tract infections. The most common organisms involved
in respiratory tract infections in diabetes are S. aureus,
Mycobacterium tuberculosis, Streptococcus, Legionella
and Mucor infections as well as Gram‑negative bacteria
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such as Klebsiella pneumoniae. The morbidity and
mortality in these infections as compared to the general
population are increased in diabetes. Previous Indian
studies reported the prevalence of pneumonia in diabetes
to be 11.6%[24] and 4.4%.[31] However, in a recent study
from Cuttack, the prevalence was around 30.3%.
In a study from South India, the common infections
encountered in diabetes were upper respiratory tract
infection (29.13%) followed by UTI, lower respiratory
tract infection (15.74%), and TB (11.02%).[31] The most
common organisms implicated in respiratory infections
were S. aureus (20%) K. pneumoniae (11.42%), and
Streptococcus pneumoniae (11.42%). No organism was
found in 40% cases.[31] Common causative organisms
found in a hospital‑based study were acid‑fast bacillus
32%, streptococcus species 30%, Klebsiella and other
Gram‑negative 6%, atypical and fungal 18%, and
polymicrobial 10%.[32]
The main risk factors for developing respiratory tract
infections were age >50 years, diabetes duration of
4 years or more, and uncontrolled glycemia.[33] Males are
more predisposed to diabetes with pneumonia, which is
also seen in Indian studies.[32,33] The most common age
group affected in these studies was 40–60 years’ age
group (62%), with most of the patients from rural areas
and lower socioeconomic status.[32,33]
A study by Patel found TB to be the most common
associated illness (5.9%) with diabetes.[29] In another
series, the frequency of TB was found to be 4.5%.[4] Earlier
studies done in people with diabetes by Bhatia, (1975)
Bahulkar (1975), Nanda and Tripathy (1968) found
prevalence of TB to be 14%, 4.5%, and 12%,
respectively.[34] M. tuberculosis was the most common
isolated pathogen found in 44% of diabetes patients in a
hospital‑based study.[32]
Diabetic foot infection
Diabetic foot infections (DFI) are the major cause of
morbidity and mortality in people with diabetes along with
increased cost of therapy and amputation. DFI contributes
to amputation in 90% of the patients.[35] Among the
hospitalized patients, DFI‑related sepsis is the second most
common cause of infection‑related mortality (8.3%).[9] The
socio‑epidemiology of diabetic foot ulcer in India is
different compared to the Western world. In the West,
there are predominantly neurovascular ulcers as compared
to chronic, neuropathic ulcers in India.
The frequency of diabetic foot is around 6%–11% in
diabetic population. Most of these cases are attributed

to diabetic neuropathy.[36] In a study by Pendsey, the
prevalence of foot ulcers in patients with diabetes in
clinic was 3%.[37] Similarly, in a study from Cuttack,
DFI was present in 4.5% of the people with diabetes.[13]
Looking at the organisms in DFI, Gram‑negative bacteria
species, Pseudomonas aeruginosa is the most common
isolated organism.[38] Similarly, a prospective trial in
62 consecutive subjects showed that 32% subjects
had mono‑microbial infections while around 35% had
poly‑microbial cultures. Twenty‑one percentage of the
subjects had no growth on culture.[39] Out of the cultured
bacteria, 68% bacteria were Gram‑negative, whereas
32% were Gram‑positive. The most common isolated
organism was E. coli with sensitivity to piperacillin/
tazobactam. Similar results were found in another study
where Gram‑negative bacteria were commonly isolated
in diabetic ulcers, in contrast to Gram‑positive bacteria
in nondiabetic ulcers.[40] Moreover, it was seen that
65%–80% of the people with diabetes in studies from
India were not following any foot care maneuvers,
despite having foot at risk.
Skin and mucous membrane
There is an increased risk of folliculitis, furunculosis,
and subcutaneous abscesses in the people with diabetes.
These infections appear to increase in patients with poor
glycemic status. These infections may present as the first
sign of diabetes or gradually appear within the course of
diabetes.[41] The natural history of these infections follows
a severe course in diabetes.[41]
The risk factors for skin infections in diabetes are
sensory neuropathy, atherosclerotic vascular disease, and
hyperglycemia. These infections mainly involve the feet,
although they can involve any skin surface.[42] Recent
studies found a prevalence of skin infections ranging
from 20% to 50% in people with diabetes.[43] On the
skin surface, fungal infections were more common than
bacterial or viral infections.[44] The commonly involved
sites are inter‑digital spaces, genitalia, and skin folds.
In a study from South India, 11.02% patients with
diabetes had skin infections. The most common infection
was fungal infection followed by bacterial.[31] Similar
results were reported by Foss, et al. outside India.[45]
Another observational study in a tertiary care hospital
revealed that 75.61% of patients with Type 2 diabetes had
skin lesions as compared to 41% Type 1 diabetes patients.
Infections were responsible for majority of skin lesions
in Type 2 diabetes, whereas diabetic xerosis followed
by infections was found in the majority of patients with
Type 1 diabetes.[46]
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The incidence of fungal infections, both systemic
and localized is increased in diabetes. The incidence
of opportunistic fungal infections such as invasive
candidiasis, aspergillosis, and zygomycosis is also
increased. Invasive zygomycosis is one of the infections
particularly found in uncontrolled patients with diabetes
in the Indian subcontinent.[47]
In critically ill patients, nosocomial blood infection
with Candida is very frequent. In a retrospective study
among intensive care unit (ICU) patients presenting
with candidemia, diabetes was responsible for 50%
of cases of Candida glabrata.[48] In a tertiary care
center, mucormycosis was found in 38 patients over
a 12‑month follow‑up period and more than 50%
of rhino‑orbito‑cerebral mucormycosis patients had
diabetes.[49]
Gastrointestinal infection
Hepatitis C was found in 11 (5.7%) out of 197 subjects
with even more prevalence in men with diabetes and
individuals with poor glycemic control.[50] The prevalence
was slightly higher than the global prevalence in the
general population which is about 3%. The prevalence
of hepatitis B (58.3%) was found to be higher in
patients with diabetes with acute viral hepatitis as
compared with patients not having diabetes (25.3%).
Even the incidence of severe hepatitis is increased in
patients with diabetes (41.67% vs. 10.64%) as well as
the incidence of complications such as liver failure and
death.[51] Other gastrointestinal infections infections such
as Helicobacter pylori were more common in patients
with diabetes (77.5%) as compared to controls (58.3%).
H. Pylori infections in diabetes were positively correlated
with poorer glycemic control and low socioeconomic
status.[52]
In the post‑COVID era, the data on the epidemiology
of infections in diabetes are lacking. There is an
increasing number of atypical infections recognized in
the post‑COVID period. The incidence of infections in
pre‑COVID era, as discussed above, has increased in
severity along with antibiotic resistance in post‑COVID
period. There is an increased incidence of mucormycosis
in diabetes patients affected with COVID‑19.[53] Mortality
in mucormycosis is very high during COVID (30.7%).
Out of 82 published cases of mucormycosis found in
India during the COVID period, 80% of individuals
had preexisting diabetes and diabetic ketoacidosis was
present in 14.9% of cases. In these cases, nose and sinuses
were most commonly involved in 88.9% of patients,
followed by rhino‑orbital area. (56.7%).[54] COVID‑19
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also leads to immune dysregulation, with decrease
in T‑lymphocytes, CD4+ T, and CD8+ T cells, further
reducing innate immunity. The other thing implicated is
the increased usage of steroids. In one case series reported
from New Delhi, 15 patients admitted in the ICU with
COVID‑19 infection developed superimposed Candida
infections.[55] Out of these 15 patients, 10 developed
Candida auris infection and six patients had preexisting
diabetes. The patients infected with C. auris infection had
worse outcome and six out of 10 patients died.

Conclusion
In India, the burden and pattern of infections in diabetes
varies as compared to western world. Both the incidence
and severity of infections has increased during the
pandemic. Various aspects such as nonadherence to
antidiabetic treatment, noncompliance to prescribed
dose and duration of antibiotics, infrequent follow‑up,
leads to recurrent and resistant infections and treatment
failure. Patients with diabetes have dysregulated
immune response to the pathogens. Hyperglycemia
further worsens the outcome. Infection is one of the
major causes of death among patients with diabetes.
Hence, in addition to microvascular and macrovascular
complications, physicians should consider infection as
a complication of diabetes at the same level. Prevention
and timely intervention of diabetic infections should also
be considered as a part of the national health programme.
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Abstract
The chronic low‑grade inflammation in obesity and multiple pleiotropic effects of adipokines on the immune system has been
implicated in the pathogenesis of various rheumatic autoimmune and inflammatory conditions. Obesity is a low‑grade systemic
inflammatory condition with elevated levels of inflammatory markers such as leptin, C‑reactive protein, tumor necrosis factor‑α,
and interleukin‑6. Dysregulation of the cytokines and adipokines is a feature of metabolic syndrome, suggesting a complex
relationship between autoimmunity, obesity, and atherosclerosis. We discuss the effects of obesity and its association with newly
diagnosed immune‑mediated disorders such as Sjogren’s syndrome, systemic lupus erythematosus, rheumatoid arthritis, and
antiphospholipid antibody syndrome in a case series of eight patients.
Keywords: Autoimmune rheumatic diseases, C‑reactive protein, obesity

Introduction
Obesity is a low‑grade systemic inflammatory condition
with elevated levels of inflammatory markers such as
leptin, C‑reactive protein (CRP), tumor necrosis factor‑α,
and interleukin‑6 (IL‑6). The proinflammatory adipokine
and leptin secreted excessively in obesity by adipocytes
is a potent immune modulator possibly playing an
important role in the development of autoimmune
diseases. Dysregulation of the cytokines and adipokines
is a feature in metabolic syndrome (MetS), suggesting
a complex relationship between autoimmunity, obesity,
and atherosclerosis.[1,2] We summarize new insights
of obesity and its association with immune‑mediated
disorders such as Sjogren’s syndrome (SS), systemic
lupus erythematosus (SLE), rheumatoid arthritis (RA),
and antiphospholipid antibody syndrome.

Case Reports
Case 1
A 54‑year‑old male presented with proximal muscle
weakness in both the upper and lower limbs associated
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with pain for 4 months. There was no fever, rash, dyspnea,
bladder bowel disturbances, or cranial nerve involvement.
On examination, tenderness in all muscles was present.
Neurological examination revealed normal higher
mental functions and cranial nerves. Fundus showed
bilateral nonproliferative diabetic retinopathy (NPDR).
Motor system examination revealed normal bulk of the
muscles, hypotonia present in bilateral upper limb and
lower limb with truncal muscle weakness, power 3/5 in
right upper limb and lower limb. All deep tendon reflexes
were diminished and plantars were flexors. Sensory
system examination revealed impaired joint position and
vibration in both the lower limbs with intact fine touch and
pinprick sensations. The rest of the systemic examinations
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were within normal limits. Investigations revealed Hb of
11.2 g/dl, white blood cell (WBC) of 12,000/cumm, and
platelets of 230,000/cumm. Erythrocyte sedimentation
rate (ESR) was 54, creatine phosphokinase – 9663
U/L, and cortisol – 3.8 ug/dl. Liver function test (LFT),
renal function test (RFT), electrolytes, uric acid,
urine routine microscopy, thyroid function test (TFT),
electrocardiography (ECG), and echocardiography were
normal. Antinuclear antibody (ANA) by ELISA was 3+.
Myositis profile showed anti‑Jo‑1 strongly positive 3+ and
anti‑RO52 strongly positive 3+. Electromyography of the
right biceps brachii and vastus medialis showed increased
insertional activity, profuse fibrillation and positive sharp
waves, small amplitude, and polyphasic motor units,
suggestive of myopathy consistent with polymyositis. With
the above findings, a diagnosis of autoimmune disease of
SS with polymyositis was made. He was treated with pulse
therapy of intravenous methylprednisolone 500 mg once
a day for 5 days, basal‑bolus insulin regimen followed
by oral prednisolone 60 mg OD with the improvement of
muscle weakness. On follow‑up visit, power in both the
upper and lower limbs was 4 ± 5.
Case 2
A 45‑year‑old female presented with polyarthralgia
involving small and large joints for 9 months and
cough with sputum and progressive breathlessness for
6 months. On examination, tenderness was present in
bilateral interphalangeal joints, wrists, knees and ankles
with restriction of abduction movement in the left
shoulder. Respiratory system revealed crepitations in
the left interscapular area. Fundus showed mild NPDR
in the left eye. Investigations revealed Hb – 11.9 mg/dl,
WBC – 15,100/cumm, platelets – 130,000, ESR – 37,
ANA 3 + by ELISA, anti‑ds DNA positive (2+), urine
micro total protein – 3 mg/dl, spot urine protein–
creatinine ratio – 41.8, and CRP – 24 ug/ml. Complement
levels of C3 and C4 levels were low. TFT, LFT, RFT,
and electrolytes were normal. Reverse transcription–
polymerase chain reaction COVID was negative. Sputum
culture showed Klebsiella pneumonia. High‑resolution
computed tomography thorax showed fibrosis with
traction bronchiectasis, interlobular septal thickening,
and subpleural honeycombing involving the anterior
and lingual segments of the left upper lobe. Patchy
areas of subpleural ground glass opacities in the
right upper lobe and bilateral lower lobes suggesting
Interstitial lung disease (ILD) likely usual interstitial
pneumonia [Figure 1]. With the above findings,
diagnosis of SLE with ILD was made. She was
treated with broad‑spectrum antibiotics for 10 days
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for pneumonia, T. HCQ (Tablet hydroxychloroquine)
200 mg BD, T. sulfasalazine 500 mg BD, and basal bolus
insulin regimen. Following the resolution of pneumonia,
she was discharged with oral prednisolone 50 mg OD
with the resolution of symptoms of polyarthralgia.
Case 3
A 47‑year‑old female presented with polyarthralgia,
alopecia, and multiple skin lesions on the face, scalp, and
neck for 1 year. On examination , discoid lesions seen
on the face, scalp and presence of malar rash [Figure 2],
discoid lesions on scapular region [Figure 3] and presence
of alopecia [Figure 4]. Tenderness was present in all
joints. Systemic examination was normal. Investigations
revealed pancytopenia, ESR‑56, ANA 2+ by ELISA,
ANA 15 screen showed anti‑RO52 and SSA RO 60
antibodies were positive. LFT, RFT, and TFT were
normal. Urine routine showed proteins of 500 mg/dl,
urine protein–creatinine ratio of 7.04, and urine for micro
total protein – 783 mg/dl. Complement levels of C3 and
C4 were low. With a SLE Disease Activity Index score of
16, a diagnosis of discoid lupus was made. Skin biopsy
and renal biopsy were deferred due to thrombocytopenia.
She was treated with oral prednisolone 60 mg OD, HCQ
200 mg BD, sulfasalazine 500 mg BD, telmisartan 40 mg
OD, basal insulin, and metformin 500 mg BD.
Case 4
A 50‑year‑old female presented with polyarthritis
involving the small and large joints associated with
morning stiffness for more than 2 h for 1 year. On

Figure 1: HRCT thorax suggestive of fibrosis with traction

bronchiectasis, interlobular septal thickening, and subpleural
honeycombing involving the anterior and lingual segments of
the left upper lobe. Patchy areas of subpleural ground glassing
opacities in the right upper lobe and bilateral lower lobes
suggesting interstitial lung disease. HRCT: High‑resolution
computed tomography
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examination, tenderness of interphalangeal joints,
wrists, shoulders, knees, and ankles bilaterally with
limited restriction of movements was present with
swan‑neck deformity and Z‑shaped deformity seen
in interphalangeal joints [Figure 5]. X‑ray hands
were normal. Systemic examination and fundus of
both the eyes were normal. Investigations revealed
Hb – 8.8 g/dl, WBC – 8300, platelets – 408,000/cumm,
peripheral smear shows microcytic hypochromic
anemia, ESR – 81, CRP – 5.26, thyroid‑stimulating
hormone – 5.04 mIU/L, RA factor – <20.0, uric
acid – 4.7 mg/dl, ANA 2 + by ELISA, anti‑cyclic
citrullinated peptide (CCP) was positive. LFT, RFT,
and urine routine microscopy were normal. With the
above findings, a diagnosis of RA was made. She was
treated with T. methotrexate 7.5 mg once a week, T.
sulfasalazine 500 mg BD, T. etoricoxib 60 mg BD, and
a short course of oral prednisolone with T. metformin
500 mg BD and basal insulin.

Case 5
A 42‑year‑old male presented with pain in the wrists
and interphalangeal joints associated with swelling for
1 year. On examination, tenderness in both the wrists
and interphalangeal joints and swelling in both the wrists
were present. Fundus was normal. Investigations revealed
Hb – 13.5 g/dl, WBC – 6500, platelets – 120,000/cumm,
ANA 2+ by ELISA, Anti‑CCP was positive, LFT, RFT
were normal. Urine micro total protein was 17.9, and spot
urine protein–creatinine ratio was 177. X‑ray wrist AP/lat
(Anteroposterior/ Lateral) view was normal. Diagnosis
of RA was made. He was treated with T. methotrexate
7.5 mg OD, T. sulfasalazine 500 mg BD, and T. etoricoxib
60 mg BD. He was on metformin 1 g BD, T. sitagliptin
50 mg BD, and basal insulin.
Case 6
A 40‑year‑old married female presented with sudden
onset of weakness in the right upper limb and lower
limb for 2 days. There was no history of cranial nerve
involvement or bladder and bowel disturbances. She had

Figure 2: Discoid lesions seen on the face, scalp, and malar rash
Figure 3: Discoid lesions in the scapular region

Figure 5: Swan‑neck deformity and Z‑shaped deformity seen in
Figure 4: Alopecia

interphalangeal joints
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a bad obstetric history of three miscarriages in the past
following the birth of her first child who was 13 years old.
She had a past history of right hemiparesis of grade 4/5
with left upper motor neuron facial palsy 3 years ago
which resolved completely within 6 months following
physiotherapy. Neurological examination revealed
normal higher mental functions and cranial nerves,
power of 3/5 in the right upper and lower limb, Deep
tendon reflexes were diminished in the right upper and
lower limb, the right plantar reflex was extensor. Fundus
showed NPDR in both the eyes. The rest of the
systemic examinations were normal. Investigations
revealed complete blood count (CBC), LFT, RFT, and
electrolytes; chest X‑rays were normal. ECG and echo
showed moderate left ventricular hypertrophy (LVH).
Urine micro total protein was 286 and urine protein–
creatinine ratio was 0.9. S. homocysteine (serum
homocysteine) levels were 30 μmol/L. Antiphospholipid
antibody (APLA) profile showed IgM. Anticardiolipin
antibody by Chemiluminescence was moderate positive
: 45 MPLU/ml. Magnetic resonance imaging (MRI)
brain showed acute infarct in the left capsuloganglionic
region, predominantly in the posterior limb of the left
internal capsule suggesting hemorrhagic transformation
and chronic lacunar infarcts in the right lentiform and
left caudate nucleus [Figure 6].
Case 7
A 34‑year‑old male presented with a blurring of vision
for 7 days and headache for 2 days. There was a history
of regular alcohol consumption for 5 years. Fundus
of both the eyes showed papilledema [Figure 7].
Systemic examination was normal. Investigations
revealed CBC, LFT, RFT, and TFT were normal.

Urine protein was 11.3 mg/dl, C3 – 75.8 mg/dl,
and C4 – 35.3 mg/dl. 24‑h urinary protein was
384.2 mg/day, urine protein–creatinine ratio – 0.64,
urine micro total proteins – 36.9 mg/dl; ECG
showed LVH, and echocardiography showed severe
concentric LVH and grade 1 diastolic dysfunction.
Renal Doppler showed grade 1 renal parenchymal
disease. S. cortisol levels‑7.81 ug/dl, s homocysteine
levels were >65 micromol/L, ANA by ELISA was 2+,
APLA profile showed lupus anticoagulant (LA) (clot
detection) dilute Russell viper venom test was 48.8 s
(reference value: 33–41 s), anticardiolipin antibody
IgM <2.0 GPLU/ml. Extended thrombophilia profile
showed protein C (chromogenic) – 84.9%, protein
S (immunoturbidimetry) – 101.2%, activated protein
C resistance (clot resistance) – 0.94, antithrombin
III (chromogenic) – 96.2% (ref: 70%–121%) were
negative. MRI brain showed altered signal intensity
involving corona radiata suggesting acute infarct in the
right corona radiata, with a possibility of adult‑onset
leukodystrophy [Figure 8]. He was treated with
mannitol for 5 days, telmisartan 40 mg OD, amlodipine
5 mg OD, metoprolol extended‑release 12.5 mg OD,
prazosin 5 mg OD, and Homochek OD.
Case 8
A 29‑year‑old female presented with pain abdomen
for 15 days. Abdomen examination revealed right
renal angle tenderness. CBC, LFT, RFT and urine
examination were normal. Contrast‑enhanced computed
tomography abdomen revealed persistent nonenhancing
filling defect noted in the inferior vena cava at the level
of D10 vertebra involving >50% of lumen extending
for the length of 9.3 cm till superior endplate of L2
vertebra, filling defect extending into the right renal
vein suggestive of thrombus. Two subtle wedge‑shaped

Figure 6: MRI brain showing acute infarct in the left capsuloganglionic

region. MRI: Magnetic resonance imaging
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Figure 7: Fundus of both the eyes showing papilledema
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nonenhancing areas sparing the adjacent cortex in
the mid and lower pole regions of the right kidney
are suggestive of infarcts [Figure 9]. She was treated
with low‑molecular‑weight heparin followed by oral
anticoagulants. The clinical features and laboratory
parameters of all eight patients are highlighted in
Tables 1 and 2.

Discussion
MetS, which comprises hypertension, diabetes, and
obesity, is closely related to autoimmune diseases
such as RA, SLE, SS, and IL‑17 is a proinflammatory
cytokine involved in the pathogenesis.[3] The presence
of a disease‑specific adaptive immune response in
the target organ can be indicative of autoimmune
pathogenesis and increased prevalence of B cells,
CD8 + T‑cells, and T‑helper (Th) 1 and Th17 T‑cells
has also been described in obesity‑related insulin
resistance. CRP is a sensitive marker of systemic
inflammation synthesized by the liver, and repeated
elevated levels suggest chronic inflammation with
each degree of obesity related directly to CRP.[4] A
cohort study conducted on Danish women showed
a weak association between body mass index and
RA, but obese women had a 1.5‑fold increased risk of
developing RA.[5] A study by Katz et al.[6] showed a high
prevalence of obesity among individuals with RA, with
men having higher rates of obesity and at high risk of
cardiovascular disease and events, which is in similarity
to the male obese Type 2 diabetes patient presenting
with RA in case 5. Antiphospholipid syndrome (APS)
is an autoimmune disease characterized by the presence
of antibodies in serum which acts against membrane
phospholipids which include LA, anticardiolipin

antibody, and anti‑β2‑glycoprotein I. APS can be
primary or secondary to other autoimmune diseases.
Tahlan et al.[7] reported multiple conventional risk
factors in APS which include obesity, smoking,
hypertension, diabetes, and dyslipidemia found similar
to cases 6, 7, and 8. APS most commonly present with
vascular ( Venous, arterial or small vessel) thrombosis,
obstretic complications such as unexplained recurrent
miscarriages, pre eclempsia, fetal growth restriction,
angina and strokes.[8] Factors related to gender have
been suggested to affect the clinical course in patients
with primary APS, with a significant prevalence of
a central nervous system involvement in females
in comparison with gastrointestinal involvement in
males.[9]

Conclusion
Chronic low‑grade inflammation can result in silent
inflammation in autoimmune individuals that can remain
undetected for years and may or may not precipitate
into clinical presentation, depending upon complex
interactions between immunological and environmental
triggers. Understanding mechanisms and association
need further investigation.
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Figure 8: MRI brain suggestive of acute infarct in the right corona

Figure 9: CECT Abdomen suggestive of the right renal vein

radiate. MRI: Magnetic resonance imaging

thrombus. CECT: Contrast‑enhanced computed tomography
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Table 1: Clinical features of patients
Case
number

Age
(years)/sex

BMI

BP (mmHg)

1
54/male
26.9
110/70
2
45/female
28
120/80
3
47/female
30
130/80
4
50/female
25
120/80
5
42/male
29
120/80
6
40/female
30
150/90
7
34/male
30
180/100
8
28/female
32
110/70
BMI: Body mass index, BP: Blood pressure

Comorbidities

Presenting complaints

Type 2 diabetes and hypothyroid for 10 years
Type 2 diabetes for 7 years
Type 2 diabetes for 5 years
Type 2 diabetes for 9 years and hypothyroid for 2 years
Type 2 diabetes and hypothyroid for 12 years
Type 2 diabetes and hypertension for 12 years
Hypertension for 3 years
None

Painful quadriparesis
Polyarthritis
Discoid lesions on face, neck and extremities
Polyarthritis
Polyarthritis
Recurrent stroke
Headache and blurred vision
Pain abdomen

Table 2: Laboratory parameters of glycated hemoglobin, C‑reactive protein, and lipids in patients
Case
number

HbA1c
(%)

CRP
(mg/dl)

TC
(mg/dl)

TG
(mg/dl)

HDL
(mg/dl)

LDL
(mg/dl)

Antinuclear
antibodies

Autoimmune diseases

1
9.0
1.4
250
182
45
181
Anti‑Jo‑1, anti‑RO52
Primary SS
2
7.3
24
198
264
30
145
Anti‑ds DNA
SLE
3
6.7
1.9
284
304
39
161
Anti‑Jo‑1, anti‑RO52
Discoid lupus
4
9.2
5.26
250
182
45
181
Anti‑CCP
RA
5
11.2
4.7
267
190
35
125
Anti‑CCP
RA
6
12.6
2.5
245
201
30
185
IgM anticardiolipin
Antiphospholipid antibody syndrome
7
5.1
6.4
184
256
40
117
Lupus anticoagulant
Antiphospholipid antibody syndrome
8
5.3
7.1
173
302
32
167
IgM anticardiolipin
Antiphospholipid antibody syndrome
RA: Rheumatoid arthritis, SLE: Systemic lupus erythematosus, SS: Sjogren’s syndrome, LDL: low‑density lipoprotein, TC: Total cholesterol,
HbA1c: Glycated hemoglobin, CRP: C‑reactive protein, TG: Triglycerides, HDL: High‑density lipoprotein, CCP: Anti cyclic citrullinate peptide
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Letter to Editor

Setting up a COVID-19 Facility in a Hospital Dedicated to
Diabetes Care- Our Experience
The COVID‑19 pandemic has brought the world to a
halt and raised challenges for the health‑care providers
in terms of managing COVID‑19 patients as well as
regular patients who have been suffering from equally
important ailments and needed care and attention. Here,
we are sharing our experience of working at a diabetes
and multispecialty hospital in Pune, at the peak of the
pandemic. Here, we have discussed and pointed out how
we have tackled an increased number of patients during
the second wave of the pandemic in India in 2021 and
how we have established standard operating procedures,
especially in a diabetes setup where the patients need to
visit at regular intervals and are highly susceptible to the
COVID‑19 infection.
Although we have faced many challenges, the main
challenge was to create a facility within the existing
infrastructure to treat COVID‑19 and non‑COVID
patients simultaneously. We work at tertiary care diabetes
and multispecialty hospital in Pune, India, having a
12‑bedded fully functional intensive care unit (ICU) and
a 30‑bedded ward. We did not have an isolation facility
or a separate building to manage the COVID‑19 patients.
Hence, it was decided to convert one wing of the hospital
into a COVID‑19 ward along with the ICU facility. This
wing was completely segregated from the other hospital
by placing a partition where the idea was to minimize
the risk of the spread of COVID‑19 in the other area of
the hospital.
The next was to manage COVID‑19 as well as non‑COVID
patients simultaneously and to overcome this challenge,
for the outpatient department (OPD) patients, a full‑proof
facility to provide online consultations was started.
To emphasize here, we have followed the guidelines
given by the Medical Council of India regarding
telemedicine/online consultation.[1] The basic aim was
to provide comfort to the existing regular patients so
that their diabetes is well managed at home and the
needy patients were called to the hospital for further
management. The patients also utilized this facility of
online consultations to the maximum. Furthermore,
we had started a specialized fever clinic with separate
entrances for triaging the suspected and confirmed cases.
Any patient with symptoms suggestive of COVID‑19,

including but not limited to fever, cough, and shortness
of breath of new‑onset, was directed to COVID‑19
OPD. To minimize the number of staff being exposed
to COVID‑19, we had altered our approach to patient
interaction and examination. Initially, a junior doctor
used to examine a patient and then discuss with a senior
colleague who would reexamine the patient if required.
For suspected COVID‑19 patients who were requiring
hospitalization, we admitted them to a separate/isolation
ward and got a COVID‑19 reverse transcription–
polymerase chain reaction test, if negative, we transferred
them to a normal ward, and in case of a positive test
result, we transferred them to COVID ward. In view of
the shortage of beds, especially critical care beds, we
made arrangements for a separate COVID ICU which
was developed on time and was fully equipped including
mechanical ventilators. Those patients who were
admitted to COVID ICU, before discharge were shifted
to the COVID ward and stabilized were discharged.
For radiological investigations, particularly high‑
resolution computed tomography (CT) chest, which was
one of the important investigations in COVID‑19 patients,
our hospital does have the facility of CT scan with
round‑the‑clock radiologist backup which made
convenient for early diagnosis of the patient and better
management.
Another challenge was treating pregnant females, as our
hospital did not have gynecologist backup, so in such
cases, only stable patients with <6 months of pregnancy
were admitted, either complicated patients or with more
than 6 months of pregnancy, were transferred to other
higher center where round the clock gynecologist backup
was available.
Discharged patients from our hospital were regularly
followed up telephonically, where the junior doctor used
to call them and ask regarding their health/symptoms and
vital parameters such as pulse and oxygen saturation. If
stable, managed telephonically, in case of any suspicious
or alarming symptoms, patients were called back for
physical examination in COVID OPD.
For the transportation of COVID patients, we had arranged
a separate ambulance facility, where the person/nursing
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staff and doctor equipped with personal protective
equipment (PPE) used to carry the patient. Apart from this
as the hospital had a centralized air‑conditioning system,
which was another challenge in view of the superfast
spreading infection rate. Therefore, provisions were made
to isolate the air‑conditioning system and have a controlled
air‑conditioning environment for the COVID‑19 ward.
The challenges faced on the human resource front
were more critical. The fear factor among the staff, the
cautiousness required to avoid mixing the COVID‑19
and non‑COVID ward workers, working in the closed
environment with PPE kits and counseling the relatives
who could not attend to the patients were the major
challenges that we faced. To troubleshoot this problem,
we sensitized the staff to the guidelines provided by the
governing authorities.[2] A dedicated staff of doctors,
nursing staff, and ward attendants were put on duty for
stipulated days and replaced by the next batch to control
the infection to the health‑care workers. Vaccination of
the health‑care staff was done on a priority as soon as
the vaccine became available in India.
In view of the shortage of beds, especially critical care
beds in the city, it was a bigger challenge for us in terms
of the selection of the patients. As the number of ICU
beds was restricted, we always faced a dilemma while
calling patients requiring high‑flow oxygen. We also kept
a real‑time update about the bed availability in the other
hospitals in the city so that we can help the patients in
quick transfers through the cardiac ambulance that was
completely equipped for shifting patients.
Our hospital does have a separate dialysis unit and dialyze
COVID‑19 patients along with non‑COVID patients was
a serious issue. There was one Reverse Osmosis (RO)
plant with limited access to operating the dialysis machines
and the option of portable RO did not work out. Hence, a
dedicated room with a dedicated machine in the existing
dialysis unit was kept for such patients requiring dialysis
and guidelines given by the health authority regarding
dialysis were followed.[3]
The laundry load of the non‑COVID and COVID‑19 ward
could not have been possibly washed together and it was
very difficult to segregate the same in the hospital. To
combat this, completely disposable linen was procured for
the COVID‑19 ward that was disposed of as per the standard
waste management protocols.[4] The transport of the blood
samples, radiology investigations, and exchange of reports
from common sources was another challenge that we faced.
A dedicated place for keeping the samples was earmarked
outside the COVID‑19 ward. The samples were transported
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by following all COVID‑19 appropriate protocols. The
digital platform was majorly used for the exchange of reports
and hard copies were avoided as far as possible.
Our hospital does have dedicated operation theater and
fully functional catheterization laboratory. Regarding the
operative procedures, the elective surgical procedures
were postponed to a later date whenever possible,
whereas the emergency procedures were carried out
taking all the necessary precautions.
Considering the treatment protocol for managing both
the COVID‑19 and non‑COVID patients, as per Centre
for Disease Control and Prevention (CDC) almost
30%–40% of the COVID‑19 patients were asymptomatic
and many were with minimal symptoms. Furthermore,
the symptoms of COVID‑19 mimic other viral/bacterial
upper/lower respiratory tract infections, it was a big
challenge to scrutinize the patient and treat them. At our
center, we followed the guidelines suggested by the WHO
and State government for treating COVID‑19 patients
both on OPD and in‑patient department basis. [5]
Hyperglycemia (high blood glucose level) is common
in the COVID‑19 patient due to underlying diabetes
along with other factors such as stress or could be due
to effects of medication (e.g., steroids) which are used
in the treatment of COVID‑19 infection, but as our setup
being a dedicated diabetes hospital, the hyperglycemia
was treated as per hospital protocol.[6]
To conclude, it is imperative for all facilities to develop
a dedicated and strong triage when it is expected to
treat COVID‑19 and non‑COVID patients in the same
facility for a favorable outcome for patients as well as
health‑care providers.
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