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Editorial

Chronicling Advances in Diabetes: The Time is Now
According to International Diabetes Federation (IDF)
estimates for year 2021, there are 537 million people
with diabetes in the world, just in the age group of 2079 years.[1] In 2045, this number is expected to increase
to 783 million.[1] That represents a 46% increase, and
this is likely to be associated with an increased number
of people with diabetes‑related complications, which
will cause health expenditure to rise. While most of the
global burden of diabetes is due to type 2 diabetes, it is
important to note that other forms of diabetes, including
type 1 diabetes, may also lead to complications.
In 2007, the United Nations adopted a resolution
on diabetes, calling for policies to prevent and treat
this disease, thus recognizing the global pandemic.[2]
Strategies at the individual, community, and national
levels have been deemed important, and these include
high‑quality clinical research, community‑level
awareness activities, and national programs for diagnosis
and treatment. Despite these measures, diabetes seems to
have increased in prevalence at a rapid pace. For instance,
the IDF estimates that since the year 2000, when 4.6% of
the global population had diabetes, the value had risen
to 10.5% in 2021.[1]
Naturally, for a complex disease like diabetes, no single
strategy will help. Population‑level health strategies must
go hand in hand with newer diagnostic and therapeutic
tools. And at this point where the prevalence of diabetes
is set to rise higher and higher, one factor that is most
critically required is research. Epidemiology, basic
research, and clinical studies are continuing to and will
continue to open new doors to help the millions of people
suffering from diabetes and its complications. Finally,
research into early diagnosis and prevention of diabetes is
important, and probably, these strategies should go hand
in hand with prevention of childhood obesity.
There is good news too. [3] In certain high‑income
countries, there is a decline in the prevalence of certain
diabetes‑related complications such as ketoacidosis,
cardiovascular diseases (CVD), lower extremity
amputations, and diabetes‑related deaths. However,

such significant trends are reportedly not available for
other diabetic complications such as end‑stage kidney
disease, neuropathy, and non‑CVD deaths; the decline in
CVD‑associated deaths in diabetes, it has been suggested,
could lead to an increase in these aforementioned
complications. [3] Moreover, despite the decline in
complications, people with diabetes continue to have a
significantly higher risk of adverse outcomes.[3] With the
clock ticking, and diabetes and its complications rising
continuously, this is an appropriate time to intensify the
scale of research and development in diabetes care. It
is also important to apply research and place it into a
clinical perspective, so that this information may help
in a definitive strategy against diabetes. Finally, it is
most necessary to chronicle this knowledge for posterity
and make it accessible to all. Our diabetes journal is
just a beginning toward this aim. Our articles will be
peer‑reviewed and open access.
Today, diabetes knows no boundaries, and affects people
of all ages, nationalities, and communities. The enormous
health burden of diabetes is juxtaposed with the disparities
in the availability, accessibility, and affordability of diabetes
management in various parts of the world. What is needed
is both basic and clinical research with potential to be
translated into better health care that is pragmatic, affordable,
and yet of high quality. Recognizing this, the World Health
Organization has rightly asked to speed up the global
action against diabetes, focusing on affordable innovation
and improving diabetes care to the needy populations.[4]
A global approach to defeat diabetes must necessarily be
multidisciplinary.[5] We, at the Chronicle, will recognize
this approach as being very important. By bringing together
publications by basic scientists, public health experts, clinical
researchers as well as healthcare practitioners, we aim to
chronicle and disseminate information that could have a
beneficial IMPACT on the health of people with diabetes.
Ambika G. Unnikrishnan1, Anil P. Pandit2
Departments of Diabetes and Endocrinology and 2Medical
Administration, Chellaram Diabetes Institute, Pune, Maharashtra, India
1
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Original Article

Insulin Resistance in Early and Advanced Diabetic Kidney
Disease
Vedavati B. Purandare1, Arjun L. Kakrani2, Charan B. Bale1,3, Shalbha Tiwari4, Ambika G. Unnikrishnan1
Departments of 1Diabetes and Endocrinology, 4Department of Research, Chellaram Diabetes Institute, Departments of 2Medicine, 3Nephrology, Dr.
D. Y Patil Medical College, Hospital and Research Centre, Pune, Maharashtra, India

Abstract
Background: Insulin resistance (IR) is commonly seen in diabetic kidney disease (DKD) and could contribute to the progression of
renal disease and cardiovascular risk. In this study, we aim to measure homeostasis model assessment IR (HOMA‑IR) in DKD and see
the effect of advancing kidney disease on HOMA IR. Material and Methods: We recruited 120 subjects with type 2 diabetes mellitus
and divided them into people without kidney disease (controls; n = 20), early DKD (n = 40), and advanced DKD (n = 60). Biochemical
tests including fasting plasma glucose and fasting serum C‑peptide were done in 120 subjects. IR was calculated by the HOMA model
in 109 subjects. Data were presented as median (interquartile range [IQR]). Univariable and multivariable analysis was done. Results:
Median of HOMA‑IR in the control group was 2.0 (IQR: 1.5–2.8; n = 20), early DKD group was 2.3 (1.8–2.9; n = 37), and advanced
DKD group was 3.67 (1.6–3.9; n = 52). P = 0.03 indicated a significant increase in the HOMA IR with advancing kidney disease.
Conclusion: In patients with DKD, with advancing kidney disease, there was a significant increase in the HOMA IR, a marker of IR.
IR is a modifiable metabolic risk factor, and if it is managed by novel therapeutic ways, it might improve clinical outcomes in DKD.
Keywords: C‑peptide, diabetic kidney disease, homeostasis model assessment‑insulin resistance, insulin resistance

Introduction
Diabetic kidney disease (DKD) is a clinical syndrome
characterized by gradually increasing urine albumin
excretion, rising blood pressure, and decline in glomerular
filtration rate in absence of other causes.[1] DKD is
associated with insulin resistance (IR) which increases
the risk of cardiovascular disease and morbidity.[2] IR
adversely impacts glucose control as well as kidney
disease. A study published in 2018 showed that severe
insulin‑resistant type 2 diabetes mellitus (T2DM) patients
have a higher risk of developing DKD and coronary artery
disease.[3] Therefore, IR could become a therapeutic target
in patients with diabetes and kidney disease.
IR is commonly seen as an early metabolic alteration in
DKD.[2] There are various mechanisms contributing to
IR in DKD. Factors such as obesity, metabolic acidosis,
inflammation, oxidative stress, Vitamin D deficiency, and
Access this article online
Quick Response Code:

Website:
www.cdrpj.org

DOI:
10.4103/cdrp.cdrp_7_21

uremia contribute to IR in CKD patients.[4‑6] Anemia, a
hallmark of advanced renal disease, could be an additional
contributing factor of IR in DKD[7]
In clinical practice, there is no single laboratory test to
measure IR. Although the standard test to measure IR is
hyperinsulinemic–euglycemic clamp, it is not feasible in
routine practice.[8,9] The most used methods to measure IR
are the homeostasis model assessment of IR (HOMA‑IR)
and the quantitative insulin sensitivity check index.[9]
HOMA is a method for assessing beta‑cell function
and IR from fasting glucose and insulin or C‑peptide
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concentrations. HOMA‑IR, though not validated in
kidney disease, provides satisfactory estimates of IR in
DKD.[10] Higher values of HOMA IR represent greater IR.
The advantage of HOMA‑IR is its simplicity as it requires
only a few investigations such as fasting plasma glucose
and fasting serum insulin or fasting serum C‑peptide
estimation.[11]
Understanding of DKD‑related IR is of importance,
and its role in a clinical setting requires documentation.
Hence, we aimed to estimate IR in DKD and assess the
effect of advancing kidney disease on HOMA‑IR.

Material and Methods
This study was an observational study carried at a tertiary
care diabetes institute in the western part of India in Pune
district of Maharashtra state. The study was approved
by the institutional ethics committee. Written informed
consent was obtained from participants.
Subject selection
Subjects with T2DM with or without kidney disease
reporting to the outpatient department of a tertiary care
diabetes institute were enrolled in the study. Subjects with
type 1 diabetes mellitus, advanced liver disease, known
malignancy, hemodynamic instability, hospitalized
patients, and any other critical illness were excluded
from the study. Fasting blood samples were collected
for the estimation of fasting plasma glucose, glycated
hemoglobin (A1c), serum creatinine, serum insulin, and
serum C‑peptide levels. Urine spot sample was collected
for the measurement of urine microalbumin and urine
creatinine for urine albumin‑to‑creatinine ratio (ACR).
Participants were enrolled using the purposive sampling
method.
Laboratory investigations
Plasma glucose level (mg/dl) was measured by the glucose
method used on the Roche Cobas Integra 400 clinical
chemistry system. Glycated hemoglobin (A1c) (%) was
measured by high‑performance liquid chromatography.
Serum creatinine (mg/dl) was measured by Jaffe’s method
enzymatic colorimetric method. The value of estimated
glomerular filtration rate (eGFR) (ml/min/1.73 m2) was
calculated by CKD- EPI. Serum insulin(µU/mL) and
serum C‑peptide levels (ng/mL) were measured by the
Chemiflex method on Abbott Architect 1000i instrument.
Urine microalbumin was measured by the MAUD
method used on the Roche Cobas Integra 400 clinical
chemistry system and urine creatinine was measured
by enzymatic colorimetric method on the Roche Cobas
Integra 400 clinical chemistry system.
4

Study groups
The staging of CKD was done based on the serum
creatinine and eGFR. Urine ACR was used to categorize
subjects into control group (ACR below 30 mg/g) and
Stage 1 CKD group (ACR above 30 mg/g).
Control group included subjects with T2DM without
evidence of kidney disease, i.e., ACR <30 mg/g and
eGFR >90 ml/min/1.73 m2.
As per the National Kidney Foundation‑Kidney Disease
Outcomes Quality Initiative guidelines, CKD in diabetes
subjects is classified into five stages with a declining
glomerular filtration rate. Participants from Stage 1 to
Stage 5 CKD were recruited in the study.
A total number of participants enrolled were 120.
Subjects in the control group were 20 and subjects with
kidney disease were 100. Patients were divided into three
groups for the purpose of statistical analysis [Figure 1].
Group 1 – Control group (n = 20) – T2DM without
kidney disease – e GFR ≥90 ml/min/1.73 m2 and ACR
below 30 mg/g.
Group 2 – Early kidney disease group (n = 40) – Stage
1 CKD (e GFR ≥90 ml/min/1.73 m2
and ACR above 30 mg/g) and Stage 2 CKD
(eGFR 60–89 ml/min/1.73 m2). In this group, eGFR of
subjects was above 60 ml/min/1.73 m2.
Group 3 – Advanced kidney disease (n = 60) – Stages 3, 4,
and 5 – eGFR of subjects was below 60 ml/min/1.73 m2.
Out of 60 subjects in Group 3, ten were on hemodialysis.
Measurement of homeostasis model assessment of
insulin resistance
The HOMA computer model (HOMA 2 calculator) was
used to calculate HOMA IR. HOMA IR was calculated by
HOMA 2 calculator by entering fasting plasma glucose
value (mg/dl) and fasting C‑peptide value (ng/ml).
Out of 120 total subjects, HOMA IR could be calculated
in 109 subjects, as shown in Figure 1 (20 in control and
89 in kidney disease group). C‑peptide value was either
low or high in the three subjects in the early kidney
disease group and eight subjects in the advanced kidney
disease. Hence, we could get HOMA IR in 109 subjects.
Data analysis
Statistical analysis was carried out using STATA
14.2 software (StataCorp LLC,4905 Lakeway Drive,
College Station, Texas 77845-4512,USA). Medians
and interquartile range (IQR) of HOMA IR in the
three groups were compared. Data were presented as
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Figure 1: Subject selection and distribution with respect to stages of diabetic kidney disease

Table 1: Baseline characteristics of enrolled participants
Characteristics

Control (n=20)

Early DKD (n=40)

Advanced DKD (n=60)

P

Age (years)
52 (40-59)
64 (61-69)
66 (60-73)
<0.001
Gender, n (%)
Female
12 (60)
25 (63)
20 (33)
0.008
Male
8 (40)
15 (38)
40 (67)
Duration of DM (years)
5 (2-13)
14 (8-20)
20 (12-24)
0.0001
BP‑systolic (mmHg)
126 (110-140)
130 (120-140)
140 (130-145)
0.01
BP‑diastolic (mmHg)
80 (70-90)
80 (70-85)
80 (80-90)
0.65
Pulse ( n/min)
80 (74-89)
81 (74-88)
82 (76-88)
0.74
BMI (kg/m2)
26.8 (25.8-30.5)
27.5 (24.5-29.2)
25.6 (23.5-28.6)
0.11
Waist circumference (cm)
97 (92-105)
97 (92-105)
97 (90-104)
0.75
Hip circumference (cm)
103 (96-106)
99 (94-104)
98 (91-103)
0.12
Waist hip ratio
0.96 (0.91-0.99)
0.97 (0.93-1.03)
1.0 (0.96-1.03)
0.08
8 (40)
29 (73)
53 (88)
<0.001
Hypertension, n (%)
1 (5)
12 (30)
36 (60)
<0.001
CAD, n (%)
8 (40)
23 (58)
49 (82)
0.001
Dyslipidemia, n (%)
2 (10)
16 (40)
55 (92)
<0.001
Retinopathy, n (%)
3 (15)
15 (38)
51 (85)
<0.001
Neuropathy, n (%)
19 (95)
39 (98)
10 (17)
<0.001
Metformin, n (%)
8 (40)
23 (58)
17 (28)
0.02
Sulfonylurea, n (%)
11 (55)
28 (70)
40 (67)
0.48
Gliptin, n (%)
SGLT2i
2 (10)
1 (3)
1 (2)
0.16
8 (40)
21 (53)
45 (75)
0.006
Insulin, n (%)
Fasting blood glucose (mg/dl)
156 (1130215)
161 (123-185)
149 (112-199)
>0.95
A1c (%)
7.9 (7.2-9.9)
8.1 (7.1-9.7)
7.7 (6.7-9.1)
0.62
Serum creatinine (mg/dl)
0.7 (0.7-0.8)
0.9 (0.7-1.0)
2.5 (2.0-5.3)
0.0001
eGFR (ml/min/1.73 m2)
104 (96-111)
90 (63-93)
22 (10-33)
0.0001
Fasting C‑peptide
2.3 (1.7-3.2)
2.7 (1.7-3.2)
3.6 (1.6-6.9)
0.01
2.0 (1.5-2.8)
2.3 (1.8-2.9)
3.67 (1.6-3.9)
0.03
HOMA IR (n=109)
DKD: Diabetic kidney disease, DM: Diabetes mellitus, BP: Blood pressure, BMI: Body mass index, CAD: Coronary artery disease, eGFR: Estimated
glomerular filtration rate, HOMA‑IR: Homeostasis model assessment insulin resistance
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median (IQR). Univariable and multivariable analysis
was done. Multivariate regression analysis was done to
ascertain the association between various parameters
and to minimize the effect of confounders. P < 0.05 was
considered statistically significant.

Results
Baseline characteristics of cases and controls are
depicted in Table 1. There was a significant difference
in the median age of the controls, early DKD, and
advanced DKD subjects (P < 0.001). There was variable
representation of gender in controls, early DKD, and
advanced DKD, respectively (male: female – 2:3; 3:5; and
2:1; P = 0.008). There was a significantly higher number
of male participants in the advanced DKD group. The
median duration of diabetes in the control, early DKD,
and advanced DKD was 5, 14, and 20 years, respectively.
Systolic blood pressure was significantly higher in the
advanced DKD as compared to the control and early
DKD group. Past history of hypertension, coronary artery
disease, retinopathy, and neuropathy was statistically
higher in the advanced DKD group as compared to the
control and the early kidney disease group (P < 0.001).
Antidiabetic therapy of participants included oral
antidiabetic medications and insulin. Majority of
the patients in the control group (95%) and the early
DKD (98%) were taking metformin and 17% of patients
in the advanced DKD group were on metformin.
A statistically significant number of patients in the
advanced DKD group (75%) were taking insulin as
compared to the control group (P = 0.006). The markers
of glycemic control fasting plasma glucose and HbA1C
in the control, early DKD, and late DKD groups were
similar. The difference was statistically insignificant. The

median serum C‑peptide levels were 2.3 ng/ml, 2.7 ng/
ml, and 3.6 ng/ml, respectively, in control, early DKD,
and late DKD group, which was statistically significant.
Patients in the advanced DKD group had significantly
lower hemoglobin levels (P = 0.0001).
Median (IQR) of HOMA‑IR in the control group was
2.0 (IQR: 1.5–2.8; n = 20), the early DKD group was
2.3 (1.8–2.9; n = 37), and the advanced DKD group was
3.67 (1.6–3.9; n = 52). P = 0.03 indicated a significant
increase in the HOMA IR with advancing kidney disease.
The box plot analysis in Figure 2 shows the HOMA IR
in control group, in the early DKD, and in the advanced
DKD group.
Effect of baseline characteristics on homeostasis model
assessment of insulin resistance
As mentioned in Table 2 in the univariable analysis when
the control group was considered as reference and it
was compared with early and advanced DKD, P value
was 0.64 and 0.005, respectively. Hence, the difference
in HOMA IR was statistically significant in the control
group when compared with the advanced DKD group. In
the multivariable analysis [Table 2] also, the P value was
significant (P = 0.004); hence, the confounding factors
did not have any impact on the results. Based on these
observed data, the study is powered at 93%.

Discussion
In this study, IR was significantly higher in the advanced
DKD group as compared to the control group. Advanced
DKD subjects had higher fasting serum C‑peptide levels as
compared to control group (P = 0.01). Serum C‑peptide is
a marker of endogenous insulin production. Higher serum
C‑peptide in advanced DKD group may not mean that
beta‑cell secretory function is better in patients with advanced
kidney disease, but this could be because of decrease in the
insulin and C‑peptide clearance with decreasing GFR.
HOMA IR is used in various studies to assess the
prevalence and severity of IR in CKD with or without
diabetes. Kanauchi et al. and Kobayashi et al. published
prevalence studies of IR using HOMA IR in the Japanese
patients with moderate‑to‑severe CKD. As per these
studies, the prevalence of IR in CKD was 30 and 44%,
respectively.[12,13] In the study published by Kobayashi
et al., insulin‑resistant group was defined as patients with
HOMA‑IR 2.0 and more, and the insulin‑sensitive group
as those with HOMA‑IR <2.0.[13]

Figure 2: Analysis of homeostasis model assessment Insulin

resistance by box plot method
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Dogra et al. studied the association of IR and vascular
dysfunction in CKD. In this study, 105 patients with Stage
3–5 CKD were recruited, of which 22% of patients had
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Table 2: Effect of baseline characteristics on homeostasis model assessment insulin resistance
Variable

Univariable analysis
Mean difference (95% CI)

Multivariable analysis
P

Mean difference (95% CI)

P

Age
<50
Reference
‑
Reference
‑
50-70
−0.31 (−1.48-0.87)
0.61
−0.22 (−0.67-0.22)
0.32
>70
0.16 (−1.21-1.52)
0.82
−0.51 (−1.04-0.01)
0.05
Gender
Female
Reference
‑
Reference
‑
Male
−0.26 (−1.0-0.49)
0.50
−0.24 (−0.51-0.04)
0.09
Duration of DM
−0.03 (−0.06,0.01)
0.16
Not included
Hypertension
0.81 (−0.02-1.64)
0.06
0.31 (−0.002-0.63)
0.05
CAD
0.63 (−0.11-1.38)
0.10
Not included
Dyslipidaemia
0.27 (−0.52-1.06)
0.50
Not included
Retinopathy
1.01 (0.29-1.74)
0.007
0.08 (−0.24-0.40)
0.64
Neuropathy
0.54 (−0.20-1.28)
0.15
Not included
Kidney disease
1.16 (0.45-1.87)
0.002
−0.76 (−1.29,‑0.23)
0.005
Haemodialysis
2.68 (1.25-4.12)
<0.001
0.08 (−0.48,0.64)
0.78
Metformin
−1.38 (−2.09-−0.67)
<0.001
−0.05 (−0.45-0.35)
0.80
BMI
Normal
Reference
‑
Reference
‑
Underweight
No data
‑
No data
‑
Overweight
0.25 (−0.54-1.04)
0.54
−0.05 (−0.32-0.22)
0.71
Waist
0.02 (−0.02-0.05)
0.39
Not included
Hip
0.01 (−0.03-0.05)
0.52
Not included
Waist hip
1.31 (−3.04-5.65)
0.55
Not included
A1c
−0.03 (−0.22-0.16)
0.73
Not included
Serum creatinine
0.53 (0.36-0.69)
<0.001
−0.06 (−0.18-0.06)
0.34
eGFR
−0.02 (−0.03,−0.01)
<0.001
0.01 (−0.004-0.02)
0.24
Fasting C peptide
0.85 (0.80-0.91)
<0.001
0.89 (0.82-0.95)
<0.001
DKD stage
Control
Reference
‑
Reference
‑
Early DKD
0.25 (−0.78-1.27)
0.64
0.21 (−0.24-0.65)
0.36
Late DKD
1.41 (0.44-2.39)
0.005
1.44 (0.47-2.41)
0.004
CI: Confidence interval, DM: Diabetes mellitus, CAD: Coronary artery disease, BMI: Body mass index, eGFR: Estimated glomerular filtration rate, DKD:
Diabetic kidney disease

T2 DM, HOMA‑IR was used to assess IR in patients.
The study showed that IR was associated with vascular
dysfunction in patients with CKD.[14] Chan et al. studied
the association between IR and vascular function in CKD.
Seventy‑one patients with Stage 3–4 CKD subjects (type 2
DM, 22.5%) were studied. CKD subjects with HOMA‑IR
scores above the median had significantly higher body
mass index and waist circumference. They also had higher
triglycerides with lower high‑density lipoprotein levels.[15]
A cohort study in patients on peritoneal dialysis confirmed
HOMA‑IR as an independent predictor of CV mortality in
end‑stage kidney disease.[16] A study comparing HOMA
IR in subjects with end‑stage renal disease (ESRD) with
or without diabetes published by Bodlaj et al. showed that
median HOMA‑IR was significantly higher in the ESRD
patients with diabetes than in the ESRD patients without
diabetes (6.3 [range 0.7–61.7] vs. 2.4 [range 0.3–5.7];
P < 0.001). Systolic blood pressure was significantly higher

in patients with higher HOMA‑IR. Prevalence of vascular
disease was significantly higher in patients with diabetes
with higher HOMA‑IR than in those with lower HOMA‑IR.
The prevalence of vascular diseases is associated with
higher HOMA‑IR in ESRD patients also.[17]
Viswanathan et al. studied 128 subjects divided into
four groups: control group, normoalbuminuria group,
microalbuminuria group, and macroalbuminuria
group. IR was calculated using the HOMA method.
This cross‑sectional study showed that mean HOMA
IR increased significantly with increasing albuminuria
and decreasing renal function.[18] A study published
by El‑Messallamy et al. demonstrated a strong
relationship between IR and CKD.[19]
Fragoso et al. followed 119 DKD patients (Stages 2–4)
for 56 months without a history of cardiovascular disease
at the baseline. IR was estimated by the HOMA‑IR. In
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this study, IR was found to be an important risk factor
for cardiovascular morbidity and progression of kidney
disease in DKD.[20] A study published by Akalın et al.
demonstrated that IR was higher in patients with chronic
kidney disease compared to healthy population.[21]
In an observational, prospective, cohort study recruiting
15,773 patients with T2DM, insulin sensitivity was
assessed as estimated glucose disposal rate (eGDR), which
was validated against the euglycemic–hyperinsulinemic
clamp technique. This study investigated the ability of IR,
as assessed as eGDR, in predicting mortality in T2DM.
Participants in the lowest eGDR tertile (highest IR) had
a worse CVD risk profile and the highest prevalence of
DKD and prior CVD events, as compared with those in
the highest eGDR tertile (lowest IR).[22] Similar studies
are needed in the Indian population, including newer
parameters such as adiponectin‑to‑leptin ratio which is
emerging as an important marker of IR.[23]
Taken together, these studies suggest a clustering
of cardiovascular risk factors as well as vascular
complications with IR in DKD.
One limitation of the study is its small sample size.
However, despite this limitation, the study showed a
significant association between IR and DKD. Another
limitation is that the other tests such as clamp studies
could not be conducted to study IR in this population.
Importantly, our study highlights that established insulin
sensitizers such as metformin or newer insulin sensitizers
be studied to ascertain their effects on IR as well as
vascular outcomes in people with DKD.

Conclusion
IR calculated by HOMA IR was significantly higher in
patients with diabetes with late kidney disease and showed
an increasing trend with advancing kidney disease.
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Abstract
Background: Diabetic foot wound is an important health challenge throughout the world. Interleukin 8 (IL8) and
macrophage‑migration inhibitory factor (MIF) play a significant role in host defense and in wound healing. Immune perturbation
and Vitamin D deficiency also contribute to nonhealing of diabetic foot wounds. We aimed to evaluate the serum concentration of
IL8 and MIF in diabetic patients with and without foot infection and its association with Vitamin D status. Material and Methods:
Serum concentrations of 25 dihydroxyvitamin Vitamin D and cytokines (IL8 and MIF) were measured by radioimmunoassay
and enzyme‑linked immunosorbent assay, respectively, from 100 subjects with diabetes and foot infection as cases and 73
subjects with diabetes without foot infection as controls. Data were presented as mean (± standard error of mean [SE]) unless
otherwise indicated and were analyzed by SPSS 16.0. Results: There was no significant difference in the mean (±SE) of age,
duration of diabetes, hemoglobin A1C, and body mass index between the two groups. The mean (±SE) concentration of IL8
was significantly higher and MIF was significantly lower in cases than controls. Vitamin D correlated negatively with IL8 (r
= −0.191) and positively (r = 0.1) with MIF. However, only the former correlation was statistically significant (P = 0.01). IL8
was also significantly high in patients with severe Vitamin D deficiency (<10 ng/ml) compared to patients with Vitamin D more
than 10 ng/ml. Conclusion: Serum concentration of IL8 is significantly higher in diabetic foot infections compared to controls.
Severe Vitamin D deficiency was associated with IL8 concentration in patients with diabetes.
Keywords: Cytokines, diabetic foot, interleukin 8, macrophage‑migration inhibitory factor, Vitamin D

Introduction
Diabetic foot problems pose a huge economic burden on
individuals.[1,2] Complexity of diabetic foot wounds makes
the treatment difficult and expensive. Although several
studies have shown risk factors associated with it, still there
is limited understanding about diabetic foot wound. In
addition to several endogenous factors leading to causation
and progression of diabetic foot wounds, “infection” is
one of the exogenous factors that lead to the worsening
of diabetic foot wounds. Nonhealing diabetic foot wounds
symbolize hyper‑inflammatory state[3] and restoration
of immune homeostasis in wound microenvironment is
essential for effective wound healing.
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Macrophages and related cytokines are one of the key
components of host defense that not only help in infection
control but also promote wound healing.[4] Expression of
macrophage migration inhibitory factor (MIF) at sites
of inflammation[5,6] suggests its role in regulating the
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functions of macrophages in host defense. Interleukin
8 is a chemokine produced by stimulated monocytes/
macrophages [7] which primarily mediate activation
and migration of neutrophils from peripheral blood to
tissue site, a crucial step for infection control.[8] Thus,
it is important to understand the profile of these two
important immune parameters in relation to diabetic
foot infections.
The inflammatory cytokine concentrations in diabetic
foot wounds are also found to be associated with Vitamin
D deficiency.[9] In the present study, we aimed to evaluate
the serum level of MIF and interleukin 8 (IL8) in type
2 diabetes subjects with foot infection and without foot
infection. and its correlation with Vitamin D status of
the host.

Statistical analysis
Data were analyzed by using SPSS 16.0 (SPSS Inc.,
Chicago, US) and Graph Pad 3.0 (GraphPad Software,
Inc. San Diego, US) software. Unpaired t‑test was used
to compare the clinical characteristics and the cytokine
levels of cases and controls. Correlation analysis was
used to assess the association between Vitamin D and
cytokine level in the study population. Independent
“t”‑test was used to compare the cytokine level in
subjects with severe Vitamin D deficiency from that of
remaining subjects.

Results

Material and Methods
The study was conducted at endocrine and general
surgery department of a medical college and university
hospital in North India. Written informed consent was
obtained. The study was approved by Institutional Ethics
Committee.
Selection of subjects
Type 2 diabetes subjects with foot infection admitted to
the endocrine and surgery unit wards of the university
hospital were recruited in the study as cases and subjects
with diabetes without foot infection were recruited as
study controls. Subjects on immunosuppressants and
having a compromised blood supply of the limbs were
excluded from the study.
Blood samples were collected after an overnight fast
in a plain vial and in ethylenediamine tetraacetic acid
vial for serum biomolecular profiles (biochemical
and immunological) and hemoglobin A1C (HbA1c),
respectively. Aliquoted serum samples were stored
at −80° C till the assay period.
Biochemical and immunological analysis
HbA1c was measured routinely in the endocrine
laboratory using Drew Scientific DS5 HbA1c analyzer.
Serum 25 hydroxy Vitamin D concentration was measured
by radioimmunoassay (RIA) using commercially
available kit (Diasorin, Italy). The intra and inter‑assay
variations coefficients of variation (% CV) were 11.7
and 12.5, respectively. MIF (RayBiotech, Inc. Norcross
GA) and IL8 (Diaclone, France) concentrations were
measured by enzyme‑linked immunosorbent assay as
per manufacturer’s protocol. The minimum detectable
dose (sensitivity) of MIF was <6 pg/ml. The intra and
interassay CV were <10 and <12, respectively. The
10

minimum detectable dose (sensitivity) of IL8 was
29 pg/ml. Intra and interassay %CV were 3.1 and 9.7,
respectively.

Cytokine concentrations in cases and controls
The age, duration of diabetes, HbA1c, Vitamin D, and
body mass index (BMI) of study participants of the
two groups are summarized in Table 1. There was no
Table 1: Comparison of clinical parameters and cytokine
profile of diabetic foot infection cases and controls with
diabetes
Parameters

Diabetic foot
infection (n=100)

Diabetes
control (n=73)

P

Age (years)
53.6±1.0
51.9±1.0
NS
Duration of
6.7±0.5
6.5±0.7
NS
DM (years)
HbA1C (%)
9.7±0.25
9.0±0.28
NS
BMI (kg/m2)
23.6±0.5
24.4±0.4
NS
Vitamin D (ng/ml)
16.1±1.48
19.76±1.28
0.06
IL8 (pg/ml)
783.0±72.7
501.5±69.4
0.009
MIF (pg/ml)
1450±189.6
3298±80.8
<0.0001
Data are presented as mean±SE. NS: Nonsignificant, DM: Diabetes
mellitus, BMI: Body mass index, IL8: Interleukin 8, MIF: Macrophage
migration inhibitory factor, SE: Standard error

Figure 1: Correlation between Vitamin D and interleukin 8
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Discussion

Figure 2: Correlation between Vitamin D and macrophage‑migration

inhibitory factor
Table 2: Comparison of cytokines levels in diabetes with
and without severe Vitamin D deficiency
Parameters

Vitamin D (ng/ml)
<10

P

≥10

Age (years)
52.1±8.7
52.5±11.9
NS
BMI (kg/m2)
24.2±3.9
24.9±3.8
NS
HbA1C (%)
9.2±2.2
9.7±3.2
NS
IL 8 (pg/ml)
831.5±89.6
587.8±65.6
0.02
MIF (pg/ml)
1453.9±255.6
2000.7±242.9
NS
Data are presented as mean±SE. NS: Nonsignificant, BMI: Body mass
index, IL8: Interleukin 8, MIF: Macrophage migration inhibitory factor,
SE: Standard error

significant difference in the mean (±Standard Error
of Mean [SE]) age, duration of diabetes, HbA1c, and
BMI between the two groups on statistical analysis.
Although Vitamin D level was comparatively lower
in cases than controls, the difference did not reach
statistical significance. The mean (±SE) concentration
of inflammatory cytokines IL8 was significantly (P =
0.009) higher and of MIF was significantly (P < 0.0001)
lower in cases than controls.
Vitamin D and cytokines‑correlations analysis
There was a significant negative correlation of Vitamin D
with IL8 [Figure 1]. No significant correlation of Vitamin
D with MIF [Figure 2] was observed. The correlation
coefficient and P value for IL8 were r = −0.191; P = 0.01
and MIF were r = 0.1; P = 0.3.
Cytokine level in severe Vitamin D deficiency
S ubjects with severe Vitamin D def i ci en cy
(25 dihydroxyvitamin [OH] Vitamin D <10 ng/ml) have
significantly higher level of IL8 compared to those having
25 (OH) Vitamin D ≥10 ng/ml. There was no difference
observed in MIF concentration between the two sub
groups [Table 2]. The analysis did not show statistical
difference in cytokine levels with Vitamin D concentration
cutoff of 20 ng/ml.

Increased IL‑8 concentration in patients with diabetic
foot infection in our study substantiated the findings of
Hirao et al., who also found significantly higher level
of IL‑8 in patients with septic syndrome than healthy
controls and suggested IL‑8 as a valuable early indicator
of bacterial infection.[8] It has also been proposed that
IL‑8 in addition to tumor necrosis factor‑alpha (TNF‑α)
and transforming growth factor beta 1 (TGF-β1) may
participate in development and progression of the
diabetic complications.[10]
MIF is a pleiotropic cytokine that functions as a critical
mediator of innate immunity and promotes several
pathophysiological processes including autoimmune
diabetes[11] and type 2 diabetes.[12] We observed low
circulating level of MIF in subjects with diabetic
foot infection compared to subjects with diabetes
without foot infection. Our findings were contrary to
the previous study where a blood level of MIF was
markedly elevated in association with fatal outcome
in sepsis.[6,13,14]
Our findings indicated dysregulation in the inflammatory
cytokine milieu in subjects with diabetes similar to the
earlier reports. Researchers have shown that subjects
with diabetic foot ulcers exhibit specific and nonrandom
upregulation of several acute‑phase proteins, cytokines,
and chemokines but their study has limitation of
confounding variables including age and HbA1c that
vary significantly in the subjects with diabetes with and
without foot ulcer.[15]
A potential physiological role for Vitamin D in regulating
innate and adaptive component of immunity was
documented previously.[16] A negative correlation of
Vitamin D with IL8 in the study participants strongly
supported its anti‑inflammatory role. Similar were
the findings from another study where it was shown
that 1α, 25 OH D3 downregulated the expression of
inflammatory cytokines TNF‑α, IL‑6, and IL‑1 β and
suppressed interferon gamma “mediated macrophage
activation.[17,18] Zhang et al. have shown that Vitamin
D inhibits monocyte/macrophage pro‑inflammatory
cytokine production.[19]
Our observation was further strengthened by another
important finding of this study. A significant difference
in the level of IL‑8 was present in subjects with severe
vitamin D deficiency, i.e., serum level <10 ng/ml in
comparison to subjects with Vitamin D ≥10 ng/ml.
This substantiated the previous observation[9] where
Vitamin D <10 ng/ml was proposed as a risk factor
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for unfavorable immune alteration in diabetic foot
infection. Preliminary study showed elevated cytokine
response in diabetic foot infection consequent upon
Vitamin D deficiency. Previously, Khoo et al. had
also shown that elevated Vitamin D3 level in vivo was
associated with downregulation of cytokine response
in healthy subjects.[20]
Studies have also shown the effect of Vitamin D on
glucose homeostasis, insulin resistance, and β cell
dysfunction in subjects at risk of type 2 diabetes[21]
and on markers of inflammation in nondiabetic
adults.[22] Experimental studies support the involvement
of Vitamin D in modulating the inflammatory response
but human studies are scarce investigating inflammatory
biomarkers specifically in subjects with or at high risk
of type 2 diabetes and its complications.[23,24] Our study
reported the influence of Vitamin D status on markers of
inflammation in subjects with diabetes and diabetic foot
infection. This could possibly have a clinical implication
on the use of Vitamin D supplementation in diabetic foot.
The underlying complications and insulin status of the
two groups were not evaluated before comparing the
cytokine data which is a limitation of the present study.
Furthermore, the cytokine status of nondiabetic subjects
with soft tissue infection was not included in this study
as our intention was to identify the immune changes in
subjects with diabetes in presence and absence of foot
infection.

Conclusion
IL 8 was higher in patients with diabetic foot infection than
in patients with diabetes. IL 8 was negatively correlated
with serum vitamin D level in the study subjects of both
the groups. Thus, the present study provides a valuable
information about the role of vitamin D and its serum
level to influence the marker of inflammation in patients
with diabetes and diabetic foot infection.
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Glycemic Variability and Other Risk Factors for Diabetic
Retinopathy: A Pilot Case‑Control Study
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Abstract
Background: Hyperglycemia is a known risk factor for diabetic retinopathy (DR) but the association between glycemic variability
and DR is unclear. We aim to evaluate the glycemic variability in DR through retrospective continuous glucose monitoring (CGM)
and assess its effect on the clinical profile of participants with or without DR. Material and Methods: Retrospective observational
hospital‑based case‑control study. We collected anthropometric and clinical data of 74 people with type 2 diabetes from our
ophthalmology database whose retrospective CGM data were available. Among them, 37 had DR (cases) and 37 did not have
DR (controls). The data were analyzed using SPSS version 27. Results: Duration of diabetes and glycosylated hemoglobin (HbA1c)
was significantly higher and the estimated glomerular filtration rate (eGFR) was significantly lower in the cases compared to the
controls. CGM markers, like time‑above‑range, average glucose, glucose management indicator, were higher while time‑in‑range
was lower in the cases compared to the controls (P = ns). Time‑below‑range targets in people >65 years were met in a lower
proportion (p < 0.05) of people in the cases (50%) compared to the controls (92%). Conclusion: Duration of diabetes, low eGFR,
and high HbA1c showed significant association with retinopathy in type 2 diabetes. Although markers of glycemic variability did not
show a statistically significant difference in cases compared to controls, all indices of glycemic variability were numerically higher
in people with DR. Hypoglycemia in elderly participants with DR and its implications on achieving targets requires more research.
Keywords: Continuous glucose monitoring, diabetes, glycemic markers, retinopathy, time in range

Introduction
Diabetic retinopathy (DR) is the fifth‑most common
cause of moderate‑to‑severe vision loss, globally.[1,2]
Conventional risk factors for DR include uncontrolled
blood glucose levels, a longer duration of diabetes,
higher blood pressure, dyslipidemia, and the presence
of albuminuria.[2] Among the above risk factors, high
glucose levels and duration of diabetes are considered
to be the strongest risk factors for DR.[3] Therefore,
there has been a strong focus on intensively controlling
the blood glucose levels, such as glycosylated
hemoglobin (HbA1c), fasting and postmeal glucose
levels in preventing the onset and progression of
retinopathy. However, reaching optimal levels of the
Access this article online
Quick Response Code:

Website:
www.cdrpj.org

DOI:
10.4103/cdrp.cdrp_3_21

14

glycemic parameters, like HbA1c, while necessary, may
not reflect a sufficient degree of control to completely
prevent the onset and progression of DR.[4]
Glycemic variability has long been invoked as a possible
risk factor for DR.[5,6] The term glycemic variability (GV)
refers to fluctuations in blood glucose oscillations that
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occur throughout the day, or at the same time on different
days. The term, time‑in‑range (TIR), considered to be
a marker of glycemic variability, is of recent interest,
and refers to the time spent in the target blood glucose
levels, without hypoglycemia or hyperglycemia. A lower
TIR suggests a higher HbA1c as well as more glycemic
variability. In a large study from China, using a 72‑h
continuous glucose monitoring (CGM) device in type 2
diabetes, it was shown that a low TIR correlated with a
higher prevalence of DR.[7]
Recently, fourteen‑day retrospective CGM has become
a more commonly preferred option for assessment of
hyperglycemia and TIR, as it is calibration‑free and
measures glycemia for a longer duration. In this pilot
study, we retrospectively evaluated markers of glycemic
variability via a retrospective CGM in people with type 2
diabetes with and without retinopathy, in a case‑control
study design.

Material and Methods
We included 37 adults with type 2 diabetes and
retinopathy (DR) who were visiting the ophthalmology
unit of our institution and had been advised the CGM
device by the physician as cases. As a control group, we
selected 37 consecutive adults with type 2 diabetes and no
retinopathy (no‑DR), who had also been advised CGM by
their physician. The technology used for assessment was
the FreeStyle Libre‑pro system.[8] This is a retrospective
CGM system and measures the interstitial glucose every
15 min.
The FreeStyle Libre device is a disc‑like sensor placed
on the outer and posterior aspect of the upper arm.
The device uses wired enzyme technology. The device
is factory calibrated and does not need finger‑stick
glucose calibration during use. The sensor is stable for
up to 14 days. The study was conducted in a masked
manner, as the FreeStyle Libre Pro System used did
not give patients real‑time access to their glucose
data. Hence, the glucose values were less likely to
be affected by deliberate changes in diet, exercise, or
medication adherence by the patients which may occur
during real‑time monitoring. The data stored in the
sensor are downloaded by “flashing” a reader over the
sensor at a later date, a technique called “intermittent
scanning.”
The diagnosis of type 2 diabetes was made based on
American Diabetes Association criteria.[9] Retinopathy
was diagnosed via fundus photography by a retina
specialist, and stages were graded according to the

modified Airlie House classification used in the Early
Treatment DR Study (ETDRS).[10‑12] The extent and
location of specific retinal lesions were using 7
stereoscopic pairs of photographs for each eye (referred to
as ETDRS 7 standard fields). The ETDRS criteria strongly
correlate with the risk of progression of retinopathy in
diabetes.[10‑12]
Markers of glycemic variability as well as TIR (time spent
between 70 and 180 mg/dl) were calculated based on the
methods listed in the references .[13‑15] A recent consensus
was referred to for choosing TIR, time‑above‑range (TAR),
and time‑below‑range (TBR) cutoffs.[15] A time in range
of >70% was considered adequate for participants
at or <65 years, while a time in range of >50% was
considered adequate for participants >65 years; for TBR,
the respective cutoffs of <4% and <1%, respectively, were
considered optimal.[15] It is well known that the percentage
coefficient of variation (CV) is an indicator of glycemic
variability. In general, the value of CV ≥36 is considered
to reflect significant glycemic variability.[16]
Statistical analysis
Descriptive statistics are given as means and standard
deviations which were done using Microsoft excel 2010.
The Chi‑square value and P value were determined
using SPSS version 27.0. (IBM SPSS, Chicago, USA).
Markers of glycemic variability such as continuous
overall net glycemic action, Low Blood Glucose
Index, High Blood Glucose Index, mean of daily
differences (MODD), and mean amplitude of glucose
excursion (MAGE) were extracted using GlyCulator
2.0. (Department of Biostatistics and Translational
Medicine, Medical University of Lodz, Poland)
which calculates the glycemic variability indices from
the raw CGM data (https://apps.konsta.com.pl/modules/
glyculator/).

Results
Clinical characteristics of the participants are shown in
Table 1. Age and gender showed no significant differences,
though the mean age of participants with retinopathy
was numerically higher. The duration of diabetes was
significantly longer in people with retinopathy. The use
of oral anti‑diabetic drugs (OADs) alone for glucose
control was significantly less common in people with
retinopathy (P < 0.001). While the use of insulin only
was similar in the two groups, the use of insulin + OADs
was more common in the DR group (P = 0.001). The
mean HbA1c was significantly higher in cases than
controls. The mean e‑GFR was significantly low in
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Table 1: Clinical characteristics of the diabetic retinopathy and no diabetic retinopathy group
Parameters

Group 1 (DR), n (%) or mean±SD

Group 2 (no‑DR), n (%) or mean±SD

Number of subjects
37
37
Male
24 (64.86)
20 (54.05)
Female
13 (35.14)
17 (45.95)
Age (years)
62.29±4.24
58.56±13.34
e‑GFR (mL/min/1.73 m2)
65.77±35.03
80.63±31.15
Number of patients on OAD
05 (13.51)
18 (48.64)
Number of patients on insulin
03 (8.10)
04 (10.81)
Number of patients on combination (OAD + insulin)
29 (78.37)
15 (40.54)
Duration of diabetes
16.46±7.32
12.46±9.55
CGMS days
13.32±1.59
13.51±2.03
HbA1C (%)
8.94±1.72
8.11±1.78
Glucose management indicator (%)
7.49±1.60
7.17±1.27
Average glucose based on CGM (mg/dl)
168.40±46.15
159.8±36.57
Time in range (%)
59.43±20.20
64.56±22.24
Time above range (%)
35.86±21.45
31.51±22.33
Time below range (%)
4.70±6.31
3.91±4.25
DR: Diabetic retinopathy, e‑GFR: Estimated glomerular filtration rate, OAD: Oral anti-diabetic drug, CGMS: Continuous glucose monitoring

Table 2: Diabetes‑related complications and comorbidities
among diabetic retinopathy and no‑diabetic retinopathy
group
Diabetic complications
Number of subjects
Retinopathy
Neuropathy
Chronic kidney disease
Other comorbidities
Ischemic heart disease
Stroke
Peripheral vascular disease
Hypertension
Dyslipidemia

DR, n (%)

No‑DR, n (%)

P

37
37 (100)
18 (48.64)
12 (32.43)

37
‑
16 (43.24)
7 (18.91)

0.083

14 (37.83)
3 (8.10)
1 (2.70)
24 (64.86)
9 (24.32)

10 (27.02 )
3 (8.10)
2 (5.40)
22 (59.45)
14 (37.83)

0.726
0.999
0.556
0.104
0.209

0.641
0.091

people with retinopathy. It was observed that the mean
TIR was lower in cases compared to controls, but the
difference was statistically insignificant. The other
parameters including the CGM‑derived average glucose
and glucose management indicator (GMI) were also
similar in the two groups. Diabetes‑related complications
and co‑morbidities were not different between the two
groups [Table 2].
Among the 37 people with retinopathy, the disease was
classified as mild (8/37 [22%]), moderate (12/37 [32%]),
severe (10/37 [27%]) and proliferative (7/37 [19%]),
based on the worse among the two eyes. Involvement
of the center was seen in (7/37 [19%]) people with
retinopathy. About 27/37people with retinopathy were
younger than 65 years and a TIR of >70% was achieved
in 9 adults (33%). Furthermore, 25/37people without
16

P
0.344
0.113
0.0411
0.001
0.693
0.001
0.047
0.658
0.044
0.355
0.414
0.272
0.333
0.912

retinopathy were younger than 65 years and a TIR
of >70% was achieved in 13 adults (52%). The differences
between people (<65 years.) with and without retinopathy
achieving TIR targets were not significant (p = 0.173).
10/37 people with retinopathy were at or older than
65 years and a TIR of >50% was achieved in 8
adults (80%). 12/37 people without retinopathy were
at or older than 65 years and a TIR of >50% was
achieved in 8 adults (66.7%). The differences between
people (≥65 years.) with and without retinopathy
achieving targets were not significant (p = 0.484)
as noted in Table 3. As shown in Table 3, in the age
group >65 years, the TBR target of <1% was achieved in
91.7% of people without retinopathy and 50% of people
with DR (p = 0.029).
To assess glycemic variability using the CV cutoff of 36,
Chi‑square test was carried out between the two groups
comparing people with CV <36 and CV ≥36 in both DR
and no‑DR. 12/37 participants with retinopathy and 14
out of the 37 controls had a CV ≥36. These differences
were not significant (P = 0.626).
The GMI, average glucose, TAR, and TBR were all
numerically higher in people with retinopathy (P = not
significant). Other indices of glycemic variability were
numerically higher in people with DR; at the same time,
statistical significance was not reached [Table 4].

Discussion
The present study is the first case‑control, hospital‑based
study from Western India, undertaken to assess the
association of glycemic variability in participants
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Table 3: Type 2 diabetes mellitus with diabetic retinopathy and no‑diabetic retinopathy for age <65 years and
≥65 years for time‑in‑range and time‑below‑range
Criteria: TIR

(χ2) P

TIR target

n (%)

>70%

9 (33.3)

>70%

13 (52.0)

Criteria: TBR
TBR target

(χ2) P

n (%)

Age <65 years
DR group
Age <65 years (n=27)
No‑DR group
Age <65 years (n=25)

(1.85) 0.173
(DR vs. no‑DR)

<4%

8 (29.6)

<4%

5 (20.0)

(0.642) 0.423 (DR vs. no‑DR)

Age>65 years
DR group
>50%
8 (80.0)
(0.488) 0.484
(DR vs. no‑DR)
Age ≥65 years (n=10)
No‑DR group
>50%
8 (66.7)
Age ≥65 years (n=12)
DR: Diabetic retinopathy, TIR: Time‑in‑range, TBR: Time‑below‑range

Table 4: Glycemic variability between diabetic retinopathy
and no‑diabetic retinopathy group
Glycemic variables

Mean±SD
DR group

P

No‑DR group

CONGA
8.73±2.62
8.14±2.10
0.283
LBGI
4.18±3.40
3.99±3.56
0.577
HBGI
11.20±8.47
9.60±6.52
0.37
MODD
2.61±0.89
2.27±0.96
0.122
MAGE
6.31±1.74
6.18±2.24
0.793
CONGA: Continuous overall net glycemic action, LBGI: Low blood
glucose index, HBGI: High blood glucose index, MODD: Mean of daily
differences, MAGE: Mean amplitude of glucose excursion, SD: Standard
deviation, DR: Diabetic retinopathy

with DR. Glycemic variability was assessed by
CGM (Freestyle Libre Pro). In our study, people with
DR had a longer duration of diabetes, a lower estimated
glomerular filtration rate (eGFR), and a higher HbA1c
when compared to controls. Our findings were similar
to the results of a recently published longitudinal study
from Chennai, India including 19,909 individuals with T2
diabetes where people with DR had diabetes for a longer
duration, lower body mass index, higher FPG, higher
HbA1c, higher systolic blood pressure, higher serum
creatinine, lower eGFR and higher levels of albuminuria,
than those without DR.[17]
There are various CGM devices available in India which
provide data on blood glucose levels. Devices that are
used in India are; (a). The FreeStyle Libre Pro which
can be used up to 14 days and is affordable meant for
healthcare professionals, (b). FreeStyle Libre system
which can be used up to 14 days, meant for people
with diabetes (c). Dexcom G6 ‑ Real ‑ time CGM, (d).
Medtronic i Pro2 and, (e). Medtronic Guardian Connect
which can be used for up to 6 days. Among them, the

<1%

5 (50.0)

<1%

11 (91.7)

(4.77) 0.029 (DR vs. no‑DR)

FreeStyle Libre Pro, is a retrospective CGM. Dexcom
G6 is a Real‑time CGM which can be used up to 7
to 10 days, with trends and alerts and it continuously
measures glucose levels every 5 minutes. Medtronic
i Pro 2 is a professional CGM sensor which works
for 5 to 7 days where the real‑time glucose cannot be
assessed by the patient. Medtronic Guardian Connect
continuously measures glucose levels every 5 min which
can be assessed via phone. Among the options, we studied
the Freestyle Libre Pro version, which is affordable,
commonly used, and importantly is the masked system
which is suitable for study purposes as it overcomes bias
due to changes made to diet, exercise, or medications,
which can be seen in real‑time CGM systems.
Furthermore, in our study, people with DR were less
likely to be managed with OADs (p < 0.05) alone, as
they were more likely to need insulin in combination
with oral drugs. Our observations were similar to
another study, wherein authors reported more than
75% of patients with PDR were on insulin (in addition
to OAD) for management of diabetes as compared
with only 20% of those without DR.[17]
CGM variables such as GMI, average glucose, TAR,
MAGE, and MODD were numerically higher in cases
compared to controls, but statistical significance was
not reached with the small sample size. The TIR was
numerically lower in people with DR, showing that
people with diabetes and retinopathy spent less time
in euglycemia when compared with people who have
diabetes and no retinopathy.
As per a recent consensus, in people with diabetes
below and above 65 years, the TIR targets are >70%
and >50%.[15] Attainment of consensus‑driven targets
for the time‑in range was similar between the two
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groups. For TBR targets, it has been suggested that for
people with diabetes aged >65 years and <65 years,
respectively, should have TBR values of <1%
and <4%, respectively. Our analysis suggests that
in age >65 years the TBR targets of <1% could be
achieved in 92% of people with diabetes and no
retinopathy, but only in 50% of people with diabetes
and retinopathy (P < 0.05). In other words, elderly
people with DR may also have a greater predisposition
to hypoglycemia. This could limit the clinician’s
efforts to achieve euglycemia. These findings may
reflect greater glycemic variability below the normal
ranges in elderly people with diabetes and retinopathy,
needing more dose monitoring and frequent titration
of therapy in this age group. These results also
suggest the need for further research into the links
between hypoglycemia and DR in the elderly, and its
implications on achieving glycemic targets.
In another study from China (n = 3262), increasing
severity of retinopathy was inversely correlated with
TIR quartiles.[7] This study assessed TIR using the
shorter duration CGM, whereas in our study, the
14‑ day long CGM was the tool used. In addition to
CGM systems, other forms of glycemia assessments
have also been measured to study glycemic variability
in DR. [18] In the Rio De Janerio Diabetes Cohort
Study, visit‑to‑visit glycemic variability, estimated by
either HbA1c or fasting plasma glucose, could predict
retinopathy progression. [19] Taken together, these
studies suggest the need for a longer‑term, prospective
study with a large sample size to ascertain the influence
of glycemic variability on DR.
One of the limitations of our study is the small sample
size. However, to the best of our knowledge, this is the
first case‑control study from India of ambulatory glucose
profiles and time in range assessments in people with
and without DR. This is a hypothesis‑generating study
which could be corroborated with similar studies with
large sample size. Control of potential risk factors for
DR, especially glycemic variability continues to be an
important area for future research.

Conclusion
To conclude, indices of hyperglycemia and glycemic
variability were numerically higher in people with DR
compared to controls. In elderly people > 65 years of
age, a significantly lesser proportion of people with
DR (compared to control) could reach a TBR of < 1%,
suggesting a higher predisposition to hypoglycemia. This

18

pilot study needs corroboration with greater sample size
and more multicenter studies to understand glycemic
variability and its impact on DR.
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Regulation and Role of AMP‑Activated Protein Kinase at the
Cellular Level and Relevance to Diabetes Mellitus
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Abstract
Adenosine Mono phosphate ‑activated protein kinase (AMPK) is a metabolic master switch that senses the cellular AMP levels.
However, it is now also regarded as a nutrient‑sensing enzyme due to its ability to detect glucose deprivation inside the cell.
Under conditions of energy deprivation, AMPK is activated, which in turn switches on all the energy‑producing metabolic
pathways, while switching off energy‑consuming metabolic pathways and cellular processes. There is a growing interest
in AMPK due to its role in a wide array of pathological processes including diabetes mellitus. It is the therapeutic target of
one of the most commonly prescribed classes of antidiabetic drugs, namely the biguanides such as metformin. The current
article presents a review of AMPK structure, triggers, and mechanisms of its activation as well as its role in cell metabolism,
mitochondrial homeostasis, autophagy, and cell proliferation. It also briefly addresses the relevance of AMPK to pathogenesis
and management of diabetes mellitus.
Keywords: AMP‑activated protein kinase, autophagy, carbohydrate metabolism, diabetes mellitus, lipid metabolism,
mitochondrial homeostasis

Introduction
In order to survive and function, cells should be able to
sense deprivation of energy as well as nutrient substrates.
Cells need to then respond by adjusting their metabolism
to conserve their energy resources and restore cellular
energy balance. They may do so by decreasing energy
consumption, increasing nutrient uptake and catabolism,
mobilizing alternative energy‑generating pathways,
and recycling existing macromolecules into nutrients.[1]
Evolution has led to the emergence of an ultrasensitive
energy‑sensing mechanism in the form of AMP‑activated
protein kinase (AMPK) that allows eukaryotic cells to
modulate cellular processes according to energy status.[1]
At the cellular level, energy stress in the form of
decreased energy supply relative to demand is reflected
as decrease in Adenosine Diphosphate (ADP) Adenosine
Triphosphate (ATP) and ATP/AMP ratios.[2] AMPK is
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There has been a recent surge in interest for studying
AMPK due to four reasons. First, AMPK is activated
by calorie restriction[4] and exercise[5] that are linked
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activated by AMP and to a lesser extent ADP, when
cellular ATP levels are low.[3] Upon activation, it acts a
metabolic master switch that turns off energy‑consuming
anabolic pathways while turning on energy‑producing
catabolic pathways. AMPK influences several cellular
processes including lipid and carbohydrate metabolism,
mitochondrial homeostasis, autophagy, and cell
growth.[1,2]
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to increased life span as well as health span. Second,
AMPK has emerged as an attractive therapeutic
target in a myriad of pathologies such as diabetes
mellitus,[6] obesity,[7] nonalcoholic fatty liver disease,[8]
cardiovascular disease,[9] cancer[10], neurodegenerative
diseases,[11] and thrombosis[12] [Figure 1].[2] Third, a
plethora of small‑molecule pharmacological modulators
of AMPK activity have become available.[2] Finally,
understanding the regulation and roles of AMPK, a
metabolic master regulator, is of particular importance
for management of metabolic disorders such as diabetes
mellitus.

Regulation of AMP‑Activated Protein Kinase
Structure of AMP‑activated protein kinase
AMPK is a heterotrimeric complex that is composed of one
catalytic subunit and two regulatory subunits [Figure 2].
α‑subunit is the catalytic subunit encoded by PRKAA
gene, and has two isoforms. The regulatory subunits
are β‑ and γ‑subunits encoded by PRKAB and PRKAG
genes, respectively. β‑subunit has two isoforms, while
γ‑subunit has three. All combinations of subunit isoforms
are possible in forming the heterotrimer, thus generating
12 different AMPK complexes.[1,2]
α‑subunit has a typical serine/threonine kinase domain
at the amino‑terminal region, which is responsible
for catalytic activity of AMPK. An activation loop or
T‑loop is embedded within the kinase domain, which
carries a threonine 172 residue whose phosphorylation

is pivotal to the mechanism of AMPK activation.[13,14]
To the carboxy‑terminal side of kinase domain is the
auto‑inhibitory domain (AID), which has a sequence of
amino acids that reduces the activity of kinase domain by
several folds.[15] α‑regulatory subunit‑interacting motif
2, found adjacent to AID toward carboxy‑terminus, is a
short sequence of amino acids which is critical to AMP/
ADP‑dependent activation of AMPK.[16]
β‑subunit carries the carbohydrate‑binding domain (CBD)
that allows AMPK to associate with glycogen and
the enzymes involved in glycogen metabolism. [17]
Furthermore, CBD is involved in forming the binding
site for small‑molecule AMPK activators. [2] The
scaffold for assembly of αβγ complex is provided
by the carboxy‑terminal end of β‑subunit. [18] The
amino‑terminal end of β‑subunit is constitutively
myristoylated to facilitate adenine nucleotide‑dependent
phosphorylation of Thr172.[19]
γ‑subunit contains four cystathionine‑β‑synthase
domains (CBS1, CBS2, CBS3, and CBS4) toward the
carboxy‑terminus.[20] CBS4 is permanently occupied
by an AMP molecule[18] while CBS2 does not bind
AMP/ADP/ATP.[21] CBS1 and CBS3 that reversibly
bind to AMP/ADP/ATP are responsible for adenylate
charge sensing by AMPK. [18] γ1 isoform lacks the
amino‑terminal extensions that are found in γ2 and
γ3 isoforms, which may lead to differences between
these isoforms in AMPK activation by AMP/ADP and
small‑molecule activators.[22]
Activation of AMP‑activated protein kinase
AMPK activity is tightly regulated by several hormonal
and metabolic cues.[2] There are three principal signals,
which can independently activate AMPK, namely
cellular adenylate charge, [3] rise in intracellular
calcium, [23] and glucose starvation [Figure 3]. [24]
Although AMPK responds to both AMP and ADP, it
is likely that AMP is the major mediator of AMPK
activation in vivo.[25] There are three possible mechanisms

Figure 1: AMP‑activated protein kinase influences pathogenesis

Figure 2: Scheme depicting structure of AMP‑activated protein

of a wide array of disorders

kinase subunits
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Figure 3: Triggers and mechanisms of AMP‑activated protein kinase activation

Figure 4: Role of AMP‑activated protein kinase in regulating

carbohydrate metabolism

by which AMP activates AMPK.[1] First, it increases
the phosphorylation of Thr172 by upstream kinase,
namely liver kinase B1 (LKB1).[26,27] Second, it protects
Thr172 from dephosphorylation by phosphatases.[28]
Third, it allosterically activates AMPK that is already
phosphorylated at Thr172.[13,25] ADP does not have
a direct allosteric effect on AMPK, and can activate
AMPK by the former two mechanisms.[3]
A rise in intracellular calcium in response to hormones,
growth factors, or agonists can also activate AMPK
through phosphorylation of Thr172 by calcium/
calmodulin‑dependent kinase kinase 2 (CAMKK2).[23,29‑32]
CAMKK2 also activates AMPK in response to amino
acid deprivation[33] and hypoxia.[34] Low glucose levels
22

Figure 5: Role of AMP‑activated protein kinase in regulating lipid
metabolism

lead to decreased levels of the glycolytic intermediate
fructose 1,6‑bisphosphate (FBP) and consequent
decrease in FBP binding to aldolase. This promotes
AMPK phosphorylation at Thr172 by LKB1 independent
of AMP through their binding to vacuolar ATPase and
axin on the lysosome.[24]

Plethora of AMP‑Activated Protein Kinase
Functions inside the Cell
Regulation of carbohydrate metabolism by AMP‑activated
protein kinase
AMPK regulates carbohydrate metabolism by influencing
glucose uptake, glycogen metabolism, glycolysis, and
gluconeogenesis [Figure 4]. AMPK stimulates glucose
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uptake by skeletal muscle through Glucose transporter
type 4 (GLUT4) translocation to plasma membrane by two
mechanisms. First, it phosphorylates and inhibits TBC1
domain family member 1 (TBC1D1), which otherwise
localizes GLUT4 to Golgi apparatus.[35] Second, it
activates extracellular signal-regulated kinase (ERK)
through phosphorylation of 1‑phosphatidylinositol
3‑phosphate 5‑kinase (PIKfyve)[36] and phospholipase
D1.[37] ERK in turn promotes GLUT4 translocation
to plasma membrane. In addition, AMPK increases
GLUT4 gene expression by phosphorylating histone
deacetylase (HDAC). [38] Unlike myocytes, most
other cells in our body take up glucose through
activation of plasma membrane GLUT1[39] and enhanced
GLUT1 expression [40] by AMPK. It also increases
GLUT1 translocation to plasma membrane and gene
expression through phosphorylation and degradation of
thioredoxin‑interacting protein.[41]
AMPK phosphorylates and activates
6‑phosphofructo‑2‑kinase, which generates fructose
2,6-bisphosphate the most potent activator of
the rate‑limiting enzyme of glycolysis, namely
6‑phosphofructo‑1‑kinase.[42] AMPK promotes glycolysis
by upregulating gene expression of hexokinase[43] and
liver pyruvate kinase.[44] Glycogen synthase undergoes
inhibitory phosphorylation by AMPK, thus preventing

glycogenesis. [45] Glutamine fructose‑6‑phosphate
aminotransferase 1 (GFAT1), the rate‑limiting enzyme of
hexosamine biosynthesis, is phosphorylated and inhibited
by AMPK.[46] Thus, inhibition of glycogen synthase and
GFAT1 increases flux of glucose‑6‑phosphate through
glycolysis.
AMPK inhibits gluconeogenesis through multiple
mechanisms. First, it phosphorylates and activates
phosphodiesterase 4B, which prevents cAMP elevation
in response to glucagon. [47] Second, it facilitates
inhibition of gluconeogenesis by insulin through
reduction in lipid‑induced insulin resistance. [48]
Third, it represses expression of gluconeogenesis
enzymes through phosphorylation of CREB- regulated
transcription co-activator 2[49] and Class IIA histone
deacetylases.[38]
Regulation of lipid metabolism by AMP‑activated protein
kinase
AMPK independently regulates fatty acid,
triacylglycerol, and cholesterol metabolism [Figure 5].
AMPK downregulates fatty acid and cholesterol
synthesis through inhibitory phosphorylation of
acetyl‑CoA carboxylase (ACC) [48] and HMG‑CoA

Figure 6: Role of AMP‑activated protein kinase in regulating

Figure 7: ULK‑1‑dependent regulation of autophagy by

mitochondrial homeostasis

AMP‑activated protein kinase

Figure 8: ULK‑1‑independent regulation of autophagy by AMP‑activated protein kinase
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reductase (HMGR),[50,51] respectively. It also influences
these metabolic pathways through inhibitory
phosphorylation of transcription factors sterol response
element‑binding protein 1 (SREBP1) and SREBP2.
SREBP1 otherwise increases gene expression of
ATP‑citrate lyase, ACC, and fatty acid synthase, while
SREBP2 upregulates expression of HMGR and LDL
receptor.[52] In addition, AMPK can indirectly inhibit
SREBPs through p53, sirtuins, and forkhead box
protein (FOXO).[53,54]
AMPK stimulates mobilization and breakdown
of lipids to generate ATP. [1] It increases lipolysis
by activating adipose triglyceride lipase and
hormone‑sensitive lipase[55,56] as well as by inactivating
glycerol‑3‑phosphate acyltransferase.[57] It enhances
uptake of fatty acids into the cells through CD36 by
increasing its translocation to plasma membrane.[58]
The rate‑limiting step of β‑oxidation of fatty acids
is the entry of fatty acyl‑CoA into the mitochondria
catalyzed by carnitine palmitoyltransferase 1 (CPT1).
Malonyl‑CoA generated from acetyl‑CoA by the action
of ACC is an allosteric inhibitor of CPT1. AMPK thus
stimulates β‑oxidation of fatty acids by relieving CPT1
from inhibition by malonyl‑CoA through inhibitory
phosphorylation of ACC.[48] It can also increase fatty
acid oxidation independent of ACC regulation under
energy‑demanding conditions.[59,60]
Regulation of mitochondrial homeostasis and autophagy
by AMP‑activated protein kinase
AMPK regulates mitochondrial homeostasis by
promoting both generation of healthy mitochondria
and removal of dysfunctional mitochondria [Figure 6].
AMPK increases mitochondrial content through
phosphorylation and activation of peroxisome
proliferator‑activated receptor‑γ coactivator
1α (PGC1α), [61] which is the master regulator of
mitochondrial biogenesis.[62] AMPK also promotes gene
expression of PGC1α through activation of transcription
factor EB. [63] Further, AMPK may also upregulate
PGC1α indirectly through p53, SIRT1, and HDAC.[64] In
parallel with increase in mitochondrial biogenesis, there
needs to be removal of damaged mitochondria to improve
mitochondrial function. [65] AMPK phosphorylates
mitochondrial fission factor and initiates mitochondrial
fission[66] before the dysfunctional mitochondria can be
degraded by mitophagy, which is a selective form of
autophagy. It also triggers mitochondrial fission through
dynamin‑related protein 1 (DRP1) by phosphorylation
of A kinase anchor protein 1 (AKAP1), which in turn
24

Figure 9: Role of AMP‑activated protein kinase in regulating protein

synthesis

promotes protein kinase A‑dependent activation of
DRP1.[67]
Mitophagy or autophagy is promoted by AMPK
through various mechanisms, which could be either
ULK‑1 dependent [Figure 7] or independent [Figure 8].
First, it phosphorylates and activates unc‑51‑like
autophagy‑activating kinase 1 (ULK1), which is vital to
initiation of autophagosome formation.[68,69] Second, it
aids formation of pro‑autophagy Class III PI3kinase (or
Vps34) complex by phosphorylating autophagy‑related
protein 9 (ATG9) and beclin 1.[70] Third, it relieves ULK1
from inhibitory phosphorylation by mammalian target of
rapamycin complex 1 (mTORC1) through phosphorylation
of tuberous sclerosis complex 2 (TSC2) (a negative
regulator of mTOR activity)[71] and Raptor (a subunit of
mTORC1).[72] Fourth, it fosters acetylation and activation
of nuclear transcription factors that initiate lysosome
biogenesis through activatory phosphorylation of
acetyl‑CoA synthetase.[73] Finally, it increases gene
expression of autophagy‑related proteins light chain 3
(LC3), beclin 1, VpS34, and BCL2 interacting protein 3
(BNIP3) by phosphorylation and activation of FOXO3
transcription factor.[74,75]
Regulation of protein synthesis and cell growth by
AMP‑activated protein kinase
AMPK inhibits protein translation and cell growth,
which consume bulk of ATP [Figure 9]. It negatively
regulates mTORC1 as described in the previous
paragraph [Figure 7]. It also phosphorylates and activates
eukaryotic elongation factor 2 kinase, which in turn
switches off protein synthesis by phosphorylating
eukaryotic elongation factor 2.[76] Further, AMPK is
also known to influence various pathways related to cell
growth including Hedgehog,[77] Hippo,[78] Janus kinase
(JAK)- signal transducer and activator of transcription
(STAT),[79] and p53[80] signaling pathways.
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Role of AMP‑Activated Protein Kinase in
Pathogenesis of Diabetes Mellitus
The cardinal features of diabetes mellitus are defective
insulin secretion and insulin resistance. The major organs
exhibiting insulin resistance are skeletal muscle, liver,
and adipose tissue.[81] Evidence from animal models and
human participants points to a role of deranged AMPK
activity in the pathogenesis of insulin resistance and
diabetes.[82] Further, physiological or pharmacological
activation of AMPK improves insulin sensitivity as
well as favorably influences glucose homeostasis in an
insulin‑independent fashion.[6,81]
AMP‑activated protein kinase activity in animal models
of insulin resistance and diabetes
Genetically modified animals with obesity
including leptin‑deficient mice (ob/ob) and leptin
receptor‑deficient rats (fa/fa) exhibit impaired AMPK
activity. 5‑aminoimidazole‑4‑carboxamide‑1‑β‑D‑rib
ofuranoside (AICAR), an AMPK activator, recovered
insulin sensitivity and glucose tolerance in these
rodents.[83‑86] A rodent model of early‑onset diabetes
named Zucker diabetic fatty (ZDF) rats, which have
a genetic leptin receptor deficiency and a mutation
in the promoter region of insulin gene, also show
decreased AMPK activity. [87] AICAR and exercise
were found to entirely preclude the onset of diabetes
in ZDF rats. [88] Other AMPK activators including
antidiabetic drugs had a similar effect in fa/fa rats.[89,90]
As a corollary, genetically induced deficiency of AMPK
activity in mice fed with high‑fat diet worsens insulin
resistance.[91,92] The beneficial effect of polyphenol
on insulin sensitivity in mice on high‑fat diet was
abolished upon knocking out AMPK α2 gene.[93]
AMP‑activated protein kinase activity in humans with
insulin resistance
Patients of Cushing’s syndrome with an adrenal
adenoma that secretes glucocorticoids characteristically
exhibit insulin resistance and an increased risk
of developing diabetes. [82] These patients show
decreased AMPK activity in adipose tissue, which
could underlie the associated metabolic alterations.[94]
Roughly three‑quarters of morbidly obese individuals
undergoing bariatric surgery were found to be insulin
resistant with an associated decrease in AMPK activity,
inflammatory cell infiltration, altered gene expression
of key inflammatory mediators, and metabolic
enzymes in adipose tissue.[95‑97] The remaining quarter
of individuals were insulin sensitive, and had normal
adipocyte AMPK activity.[98,99] Patients of diabetes

mellitus or obesity also exhibit decreased AMPK
activity in skeletal muscle[100] and an impairment in
exercise‑induced AMPK activation.[101]
Cross‑talk between AMP‑activated protein kinase and
inflammation underlying insulin resistance
Inflammation in adipose tissue precedes the onset
of insulin resistance in diabetes. There is a two‑way
relationship between AMPK and inflammation.
On the one hand, AMPK checks inflammation,
while on the other hand, inflammation diminishes
AMPK activity. [82] Treatment of macrophages with
anti‑inflammatory IL‑10 activates AMPK, while the
pro‑inflammatory lipopolysaccharide (LPS) inactivates
AMPK.[102] Inhibition of AMPK by genetic manipulation
exacerbates LPS‑induced inflammation.[102] AMPK
inactivation in macrophages induces insulin resistance
in co‑cultured adipocytes.[103] Activation of AMPK
diminishes expression of inflammatory genes in
macrophages and adipocytes. [104] Expression of
constitutively active AMPK in macrophages abolishes
LPS/palmitate‑induced pro‑inflammatory Nuclear
factor kappa B (NF-κB) signaling.[103] AMPK activation
abolishes switch in adipocyte macrophages to M1
phenotype by autophagy‑mediated improvement in
mitochondrial function.[82,105]

Relevance of AMP‑Activated Protein Kinase to
Management of Diabetes Mellitus
Management of diabetes mellitus involves use of
lifestyle interventions as well as antidiabetic drugs.
Lifestyle interventions such as calorie restriction and
exercise as well as antidiabetic drugs such as biguanides,
thiazolidinediones, and glucagon‑like peptide 1 (GLP‑1)
are known to induce AMPK activation.[106] The therapeutic
effects of the aforementioned approaches to manage
diabetes are at least in part mediated by AMPK.
Calorie restriction and exercise
Energy stress induced by calorie restriction or
exercise is known to increase AMP/ATP ratio and
thereby activate AMPK. [107] In agreement, AMPK
is activated by contraction in the skeletal muscle of
both rodents[108] and humans.[109] AMPK is a crucial
mediator of the beneficial effects of exercise on glucose
homeostasis.[110] Pharmacological activation of AMPK
mimics the metabolic effects of exercise.[107] Mice
with genetic deficiency of AMPK in skeletal muscle
have reduced exercise tolerance as well as impaired
contraction‑stimulated glucose uptake and mitochondrial
biogenesis.[111,112]
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Metformin
It is the only biguanide currently employed in the
management of diabetes [113] and the first‑line oral
antidiabetic drug.[114] Metformin is known to act by
inhibiting complex I of electron transport chain (ETC)
in the mitochondria.[115] It increases intracellular AMP/
ATP ratio and thereby activates AMPK indirectly,
which in turn mediates metformin’s insulin‑sensitizing
action.[116] However, metformin treatment was able
to exert hypoglycemic effect in mice with genetic
deficiency of AMPK or LKB1.[117] It has been shown to
antagonize glucagon signaling through cyclic AMP in
an AMPK‑independent manner.[118] In contrast, mutant
mice on high‑fat diet, in which ACC1/ACC2 is rendered
resistant to inhibitory phosphorylation by AMPK, exhibit
compromised insulin‑sensitizing effect of metformin.[48]
These results suggest that at least some of the therapeutic
effects of metformin in diabetic patients are likely
mediated by AMPK.
Thiazolidinediones
They are a class of insulin‑sensitizing drugs whose
mechanism of action is activation of peroxisome
proliferator‑activated receptor‑γ. However, they have
been shown to wield some of their antidiabetic effects
through activation of AMPK.[119] They are known to
increase AMPK activity in skeletal muscle, adipose tissue,
and liver[120,121] by a mechanism similar to metformin that
involves inhibition of complex I of ETC.[119]
Glucagon‑like peptide 1 receptor agonists
These drugs mimic GLP‑1, which is secreted from
intestinal cells in response to food intake. GLP‑1
potentiates glucose‑induced insulin release and inhibits
glucagon secretion from pancreas.[122] However, GLP‑1
mimetics including exenatide and liraglutide can also
activate AMPK signaling in liver, through increased
transcription, translation, and phosphorylation of AMPK.
Exenatide, in particular, has been known to reduce
intrahepatocyte lipid synthesis and accumulation as
well as hepatic inflammation in mice on high‑fat diet,
effects which could be mediated by AMPK as discussed
earlier.[123,124]
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Abstract
Diabetes is considered as a risk factor for the severity of coronavirus disease 2019 (COVID‑19). The mortality
rate of COVID‑19 was found to be high among patients with diabetes. The exact molecular mechanism involved in
diabetes‑associated COVID‑19 severity is not established. In this review, we discuss the exacerbated formation of advanced
glycation end products (AGEs), AGE‑receptor for AGE (RAGE) signaling induced spike in inflammatory cytokines, and the
role of metformin, an antidiabetic drug with glycation inhibition property. The commonality between these two diseases is
exacerbated immune response. AGEs interact with RAGE, leading to oxidative stress, activation of the pro‑inflammatory
pathway, and production of inflammatory cytokines, which may aberrantly activate the immune response. Based on these
pieces of evidence, we propose a role for glycation in the pathogenesis of COVID‑19 severity.
Keywords: Advanced glycation end product, coronavirus disease 2019, cytokine, diabetes, glycation, metformin, receptor for
advanced glycation end product

Introduction
Coronavirus disease 2019 (COVID‑19) has been
announced as a pandemic disease in 2020. Globally,
as of September 2021, around 22 million people are
infected with COVID‑19, including more than 4.5
million deaths. The symptoms of the disease generally
begin with cough and fever, loss of taste and smell,
eventually leading to pneumonia and severe respiratory
tract infection.[1] Among several other comorbidities,
diabetes mellitus has been considered as a prominent
risk factor for increased COVID‑19 severity.[2] Patients
with diabetes having poorly controlled glycemia show
increased hospitalizations, longer hospital stay duration,
and increased mortality compared to COVID‑19 patients
without diabetes.[3,4] Although a large amount of data
support more complications in COVID‑19 patients with
diabetes, the exact molecular reasons of this association
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are not understood in detail. In this review, we propose
that glycation has a role in the COVID‑19 severity by
discussing the following evidences.

Increased Glycolysis During Severe Acute
Respiratory Syndrome Coronavirus‑2 Infection
Promotes Advanced Glycation End Product
Formation
The accumulation of advanced glycation end products
(AGEs) increases with age but is significantly elevated
Address for correspondence: Dr. Mahesh J. Kulkarni,
Biochemical Sciences Division, CSIR‑National Chemical Laboratory,
Pune ‑ 411 008, Maharashtra, India.
E‑mail: mj.kulkarni@ncl.res.in
Submitted: 28-Oct-2021
Accepted: 19-Nov-2021

Revised: 18-Nov-2021
Published: 07-Jan-2022

This is an open access journal, and articles are distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix,
tweak, and build upon the work non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.
For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

How to cite this article: Bansode SB, Joshi RS, Giri AP,
Kulkarni MJ. Glycation: A connecting link between diabetes and
COVID-19. Chron Diabetes Res Pract 2022;1:31-4.

© 2022 Chronicle of Diabetes Research and Practice | Published by Wolters Kluwer - Medknow

31

Bansode, et al.: Glycation connection to COVD-19

due to hyperglycemia, oxidative stress, and inflammation.
Hyperglycemia in diabetic conditions promotes the
formation of AGEs due to increased glucose availability.[5]
AGE formation is a multi‑step process that starts with the
non‑enzymatic reaction between reducing sugars such
as glucose and free‑amino group of proteins resulting in
the formation of Schiff base, which further undergoes
rearrangement to form a stable Amadori product. It
further goes through a series of condensation reactions to
form AGEs. AGEs contribute to diabetic complications
such as cardiovascular diseases, nephropathy, and
neuropathy, mainly through their interaction with the
receptor of AGE (RAGE).[6]
The severe acute respiratory syndrome coronavirus‑2
(SARS‑CoV‑2) infection increases the production of
reactive oxygen species (ROS), which elevate cellular
injury and lead to intracellular stress. It thereby drives the
infected cell to have increased glucose concentrations.
Therefore, these cells reprogram their glucose metabolism
and induce the expression of genes responsible for
glycolysis to provide folate and one‑carbon metabolism
for its replication.[7] It also causes increased expression
of glucose transporter 1, glycolytic enzymes such as
phosphofructokinase‑2 which ultimately contributes to

more glucose uptake in the cells. Therefore, the increased
glucose consumption by cells and hyper‑glycolytic
events due to SARS‑CoV‑2 infection contributes to viral
replication and inflammation.[8] Moreover, increased
glycolysis leads to overproduction of oxidative stress
through activation of nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase. The increased glucose
uptake accelerates glucose‑6‑phosphate production in
the glycolytic pathway, and the same is also used in
the pentose phosphate pathway for ribose‑5‑phosphate
and NADPH production. NADPH oxidase uses
this elevated NADPH as an electron donor for the
production of ROS.[9] The auto‑oxidation products of
reducing sugars such as glyoxal, methylglyoxal, and
3‑deoxyglucosone are increased in the presence of
high oxidative stress, which facilitate the formation of
AGEs.[10] Increased glycolysis may also result in the
elevated formation of methylglyoxal, a highly reactive
dicarbonyl compound, as it is an inevitable by‑product
of glycolysis.[11] Therefore, it can be proposed that the
increased glycolysis may enhance AGE production
during the initial stage of SARS‑CoV‑2 infection,
mainly in patients with diabetes [Figure 1]. As increased
glycolysis plays an important role in the severity of
SARS‑CoV‑2 infection, controlling hyper‑glycolytic

Figure 1: The link of glycation in diabetes with COVID‑19: advanced glycation end product‑ receptor for advanced glycation end product

signalling increases the reactive oxygen species and pro‑inflammatory cytokines in diabetic condition. It may contribute to the cytokine
storm induced by severe acute respiratory syndrome coronavirus‑2 and hence, lead to increased COVID‑19 severity
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events will help to control the viral replication rate.
Therefore, the administration of glycolytic inhibitor
2‑deoxy‑D‑glucose (2‑DG) is considered as a good
strategy to mitigate COVID‑19 severity by reducing
the concentration of intermediaries of glycolysis that
are required for SARS‑CoV‑2 viral infection. 2‑DG,
a glucose analog, inhibits the phosphoglucoisomerase
enzyme in the glycolytic pathway which results in
reduced production of glucose‑6‑phosphate, which
is a crucial intermediate for the continuity of the
glycolytic pathway.[12] This mode of action of 2‑DG
inhibits metabolic reprogramming in the cell induced by
SARS‑CoV‑2 infection. In addition to this, the dietary
administration of chronic low‑dose of 2‑DG is also
known to minimize ROS and AGEs in rats.[13] Therefore,
2‑DG may reduce the COVID‑19 severity by decreasing
viral replication through glycolysis inhibition and by
diminishing AGEs.

Advanced Glycation End Product‑Receptor for
Advanced Glycation End Product Interaction
Exacerbates Oxidative and Inflammatory
Reactions
AGEs activate RAGE signaling and increase oxidative
stress. The oxidative stress is increased through an increase
in the expression of NADPH oxidase.[14] AGE‑RAGE
signaling also induces activation and translocation of
the P65 component of NF‑κB to the nucleus. It leads to
targeted gene expression of inflammatory cytokines and
induction of oxidative stress.[15] NF‑κB is linked with
several cellular pathways such as immune response,
inflammation, proliferation, and apoptosis. In addition
to this, the nuclear translocation of the P65 subunit leads
to its binding to RAGE promoter and hence, increased
RAGE expression.[16] Thus, it continues the vicious cycle
of AGE‑RAGE signaling and amplifying production of
ROS, pro‑inflammatory cytokines such as Interleukin‑6,
Interleukin‑1, and tumor necrosis factor‑α[5] [Figure 1].
Several studies suggested that the SARS‑CoV‑2 infection
elicits an immune response in COVID‑19 patients by
releasing pro‑inflammatory cytokines in a process called
“cytokine storm.” The hyperactive immune response in
the host due to SARS‑CoV‑2 infection directly correlates
with lung damage, multiorgan failure, and COVID‑19
severity.[17] The RAGE was found to be mainly expressed
in the epithelial cells of the lungs sac, which could
possibly increase the inflammation and lung injury in
COVID‑19.[18] It may act as a drug target for attenuating
cytokine storm in COVID‑19 disease management.[19]

A recent study has observed that the serum sRAGE
levels were found to be correlated with the severity of
COVID‑19. Thus, it is proposed that sRAGE should be
considered as a biomarker for predicting the ventilators
requirement during SARS‑CoV‑2 infection.[20]
On the contrary, another study reported that asymptomatic
and younger COVID‑19 patients had higher levels of
sRAGE, and older patients with severe symptoms had
low sRAGE levels suggesting that the RAGE pathway
plays a vital role in the aggravation of COVID‑19
complications.[21] Hence, it can be speculated that the
increased expression of pro‑inflammatory cytokines in
diabetic conditions through the AGE‑RAGE axis may
contribute to the cytokine storm in COVID‑19 and add
to the tissue damage caused by SARS‑CoV‑2. Therefore,
the AGE‑RAGE axis can be one of the pivotal factors
for enhanced inflammatory response and high mortality
rate in patients with diabetes who develop COVID‑19.
Considering the above findings, the inhibition of
glycation and AGE‑RAGE signalling can act as a
potential therapeutic target in COVID‑19 pathogenesis.

Glycation Inhibitors for Reducing Coronavirus
Disease 2019 Severity
Recent studies have suggested the positive effects
of metformin, a routinely used anti‑diabetic drug, in
COVID‑19 patients irrespective of its glucose‑lowering
capabilities.[22] One of the possible explanations for
metformin’s effect on the reduced diabetes‑associated
COVID‑19 severity could be its ability to reduce AGEs
and reactive dicarbonyl compounds. [23] Metformin
inhibits AGEs by binding and inactivating dicarbonyl
compounds like methylglyoxal by condensation
reaction. Furthermore, it also reduces oxidative stress
by blocking AGE‑RAGE axis and decreasing further
complications. Metformin is known to act as an adjuvant
in the treatment of tuberculosis. Apart from inhibition of
glycation, metformin regulates host immune responses
through activation of AMP‑activated protein kinase.[24]
Similarly, another drug Aspirin, an anti‑inflammatory
and a blood‑thinner molecule, is also associated
with reduced severity in COVID‑19 patients.[25] In
addition to anti‑thrombotic, anti‑inflammatory, and
immune‑modulatory effects of aspirin, it has also been
shown to be the potent inhibitor of protein glycation
and cross‑linking. Aspirin protect proteins from
AGE modification by acetylating lysine residues
and thereby, preventing the binding of AGEs to the
proteins[26,27] [Figure 1].
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Conclusion
Considering the link between AGEs with
COVID‑19‑associated risk factors such as, diabetes,
ageing, hypertension, and cardiovascular diseases,
in‑depth study of AGEs and its effect on COVID‑19
severity is needed to understand about the tissue injuries
in COVID‑19. The overlap between the pathways
induced by SARS‑CoV‑2 and AGEs suggests that the
drugs used to reduce AGEs or inhibition of AGE‑RAGE
signalling can be potential molecules for the management
of COVID‑19 and its associated diseases.
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Abstract
The prevalence of gestational diabetes mellitus (GDM) has been increasing globally and in India too, because of urbanization
and the increasing occurrence of obesity. The management of GDM poses a clinical challenge, and this article focuses on its
diagnosis and treatment. In India, screening of all pregnant women is recommended at the first antenatal visit and then repeat
screening at 24–28 weeks of gestation if the initial screen is normal. Early intervention with counseling, glucose monitoring,
diet, and exercise to achieve good glucose control could reduce both the maternal and fetal complications associated with
hyperglycemia in pregnancy. The majority of cases of GDM may be managed by lifestyle modifications alone. Metformin may
be prescribed as an alternative to insulin as per certain guidelines, though insulin remains the cornerstone of pharmacotherapy.
Long‑acting insulin detemir and short‑acting insulin analogs such as insulin lispro or aspart are safe in pregnancy and help with
control of blood glucose. Good glycemic control, achieved by lifestyle measures, monitoring, and medications when needed,
may help achieve the goal of a successful pregnancy outcome.
Keywords: Gestational diabetes, glucose management, insulin aspart, insulin detemir, metformin

Introduction
Gestational diabetes mellitus (GDM) is generally defined
as hyperglycemia with onset or initial recognition during
pregnancy. With the increase in urbanization and a
simultaneous rise in obesity, the prevalence of GDM is
increasing. GDM may affect between 5 and 8 million
pregnant women in India annually.[1] In general, the
prevalence of GDM may range from 4% to 18%, and it is
approximately 7% higher in urban versus rural areas.[1,2]
Treatment of GDM improves the pregnancy outcomes
for both the mother and baby.[3] The treatment of GDM is
mainly lifestyle modification as only about 30% may require
pharmacological treatment.[4] This review focuses on clinical
aspects of diagnosing and managing gestational diabetes.

Screening
Conventionally, GDM is detected during 24–28 weeks of
pregnancy. Universal screening for glucose intolerance
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is recommended for all Indian pregnant women as the
relative risk of developing GDM in Indian women is
11‑fold higher when compared to Caucasian women.[5]
Hence, screening of all women from high‑risk ethnicity
groups (or women with one risk factor or more from
high‑risk ethnicity groups) must be offered during the
first antenatal visit itself.[6,7] The risk factors include
obesity, family history of diabetes in the first‑degree
relatives, and previous history of gestational diabetes.
The screening test called 2‑h oral glucose tolerance
test (OGTT) is performed, in the morning after an
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overnight fast of at least 8 h, with 75 g of glucose at the
first antenatal visit. If the OGTT results are normal, a
second OGTT is performed at 24–28 weeks.
For screening, it is important to select the criteria that are
most suitable to the patient population and regional needs.
For instance, the Diabetes in Pregnancy Study Group of
India (DIPSI) criteria is very simple to implement as it
does not require fasting. Therefore, it is suitable to be
used in remote areas where women find it difficult to
travel long distances to visit in the fasting state. On the
other hand, the American Diabetes Association (ADA)
criteria is based on sound evidence and is generally
accepted internationally.

Diagnosis
The Diabetes in Pregnancy Study Group of India criteria
DIPSI criteria for diagnosis of gestational diabetes, after
consumption of 75 g of oral glucose, irrespective of the
fasting state is shown in Table 1.[8]
Since the test is done nonfasting, without considering
meal timings, it can be considered when it is difficult
for patients to do a fasting OGTT.[9,10]
The American Diabetes Association‑2019 – One‑step
strategy
In 2008, Hyperglycemia and Adverse Pregnancy
Outcome (HAPO) study established the association between
mild hyperglycemia and maternal and fetal outcomes such
as large for gestation babies (>90%), cesarean sections,
neonatal hypoglycemia, preeclampsia, and preterm delivery
in a cohort of about 25,000 pregnancies. The International
Association of Diabetes and Pregnancy Study Groups panel
further reviewed the HAPO study results and recommended
two‑phase strategy for diagnosis of GDM. The first phase
involves testing either fasting plasma glucose, glycosylated
hemoglobin (HbA1c), or random blood glucose at the first
antenatal visit. If normal, then the second phase involves
2‑h OGTT performed at 24–28 weeks of gestation. This
recommendation has also led to the ADA criteria for
diagnosis of GDM.

Table 1: Diabetes in pregnancy study group of India
criteria
Criteria

In pregnant
females

Nonpregnant
adults

2 h ≥200 mg/dl
DM
DM
2 h 140-200 mg/dl
GDM
Impaired glucose tolerance
DM: Diabetes mellitus, GDM: Gestational DM

Table 2: American Diabetes Association criteria for
diagnosis of gestational diabetes mellitus ‑ oral glucose
tolerance test
Test
Fasting plasma glucose
1 h after the consumption
of 75 g of glucose
2 h after the consumption
of 75 g of glucose

Value
>92 mg/dl (5.1 mmol/l)
>180 mg/dl (10.0 mmol/l)
>153 mg/dl (6.7 mmol/l)

Table 3: Glycemic targets in pregnancy
Test
Fasting plasma glucose
1‑h postprandial glucose
2‑h postprandial glucose

Value
<95 mg/dl (5.3 mmol/l) and
<140 mg/dl (7.8 mmol/l) or
<120 mg/dl (6.7 mmol/l)

Either 1‑h or 2‑h postprandial (PP) glucose levels may
be monitored. However, in general, 1‑h PP is preferred
in pregnancy.[12]

Maternal and Fetal Complications in Gestational
Diabetes Mellitus

As per ADA 2019, for the diagnosis of GDM, 75 g of
OGTT is performed at 24–28 weeks of gestation. After
8 h of overnight fast, fasting plasma glucose is checked.
Then, 75 g of oral glucose is given. Plasma glucose
value is tested 1 h and 2 h post this 75 g of glucose
consumption. The diagnosis of GDM is made, when one
of the following criteria is met as shown in Table 2.[11]

The goal of management of GDM is to avoid maternal–
fetal complications. Major congenital anomalies occur
in 6%–12% of diabetic pregnancies. If the HbA1c can
be kept at around 5%–6%, the fetal malformation rate
is close to normal pregnancies (2%–3%). However,
if HbA1c is as high as 10%, then a fetal anomaly rate
as high as 20%–25% may be encountered.[13] HbA1c
is widely used as a marker of type 2 diabetes and also
predicts maternofetal outcome. However, its efficacy
in the diagnosis of GDM requires further research. In
general, HbA1c when used for diagnosing GDM has
low specificity but high sensitivity. However, HbA1c can
predict future occurrence of type 2 diabetes in women
with GDM. HbA1c cannot be an alternative to OGTT
for diagnosis of GDM, and any HbA1c result in pregnant
women with suspected GDM should be interpreted only
in the light of an accompanying OGTT result.[14]

The glycemic targets during pregnancy as per the ADA
2019, “Standards of Medical Care in Diabetes” is shown
in Table 3.

Maternal complications of GDM include preeclampsia,
polyhydramnios, abruptio placenta, and preterm
delivery. There is also an increased chance of cesarean
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Table 4: Fetal and neonatal complications in gestational
diabetes mellitus in the peripartum period
Nonmetabolic complications

Metabolic complications

Macrosomia, defined as an infant
weighing >4 kg
Shoulder dystocia, a complication
associated with macrosomia ‑ can
lead to fetal injury or uterine
hemorrhage in the mother
Premature delivery
Respiratory distress
CVD: Cardiovascular disease

Hyperinsulinemia
Neonatal hypoglycemia
Hypercalcemia
Neonatal jaundice
Future risk of diabetes and CVD

delivery. Women who have had GDM are much more
likely to develop type 2 DM later in life.[15] There
is a higher risk of developing GDM again in future
pregnancies.
Fetal complications include neonatal hypoglycemia,
hyperbilirubinemia, and shoulder dystocia. Table 4
gives a brief list of both metabolic and nonmetabolic
complications in the fetus and neonate of GDM.

Management
To avoid the maternal and fetal complications
secondary to hyperglycemia during pregnancy,
the management of GDM to maintain target blood
glucose levels throughout pregnancy is of utmost
importance. A program of medical nutritional therapy,
self‑monitoring of blood glucose levels (most of the
newer glucometers have their readings calibrated to
be plasma equivalents), and pharmacotherapy, when
needed, improves perinatal outcomes such as reduction
in preeclampsia, macrosomia, and shoulder dystocia.
Moderate exercise also improves glycemic control and
should be part of the treatment plan for patients with
no medical or obstetric contraindications to this level
of physical activity.[16]

Counseling
Education of women with GDM about the
implications (both short and long term) of the diagnosis,
for her and her baby, and the beneficial impact of
good blood glucose control throughout pregnancy
are important. The treatment includes changes in
diet and exercise and could involve medicines at the
time of diagnosis of gestational diabetes. Replacing
high glycemic index food with low glycemic index is
emphasized. All women with GDM should be referred
to a dietitian. Regular exercise, such as brisk walking for
about 30 min, is recommended. Walking for 30 min after
meals helps in reducing PP blood glucose.[11]

Figure 1: Macronutrient distribution recommendation as per

Medical Nutrition Therapy

Glucose Monitoring
Glucose levels are monitored several times daily in women
with GDM. We suggest self‑monitoring of blood glucose
levels before breakfast and at 1 h after the beginning of
each meal. The frequency of testing may be decreased
to every other day in women with mild GDM and in
whom no signs of fetal overgrowth (≥75th percentile of
estimated fetal weight) and normal amniotic fluid volume
are present.

Medical Nutritional Therapy
Dietary management is the cornerstone of GDM care.
Calories are generally divided over three meals and two
to four snacks per day. Forty-five percent of the calories
should be derived from carbohydrates, 20% from protein,
and 35% from fat.[17] The diet should comprise adequate
macronutrients and micronutrients. Figure 1 shows the
macronutrient and calorie distribution recommended
as per medical nutrition therapy. The diet should also
limit PP glucose excursions. The diet should prevent
excessive maternal gestational weight gain. Calorie
requirements are increased by 300 kcal/day in singleton
pregnancies.[18] Twin pregnancies require higher weight
gain targets.
The calorie requirements as per pregestational body
mass index (BMI) are 30 kcal/kg, 24 kcal/kg, and 14
kcal/kg for normal, overweight, and obese women,
respectively.[19]
A moderate calorie restriction of about 33% or 1800
kcal/day may be advisable for obese women to control
the blood glucose and excess weight gain while
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safely avoiding ketosis. To ensure sufficient fetal
growth and cerebral development and function, the
Institute of Medicine recommends a diet with ≥ 175 g
of carbohydrates daily. Maternal ketonemia and/or
ketonuria in pregnant women with diabetes have been
associated with lower mental and/or motor function in the
offspring. Hence, care should be taken to avoid starvation
and ketosis. Bedtime snack is an important addition
to avoid nocturnal and early morning hypoglycemia.
Noncaloric sweeteners may be used in moderation.

Metformin – Metformin in Pregnancy trial

Physical Activity

Metformin is recommended for GDM as per the National
Institute for Health Care and Excellence guidelines.
Metformin is a safe alternative for insulin, especially in
women with mild gestational diabetes.[23] The dose of
metformin can be started with 500 mg/day and titrated
to a maximum of 2000 mg/day. However, it does cross
the placenta. The Metformin in Gestational Diabetes: The
offspring Follow-Up (MiG-TOFU) study showed that the
total body fat of 2 year old offsprings of mothers who
were randomly assigned to either metformin or insulin
during pregnancy were similar. Further, at 7–9 years of
age, the off‑springs had similar total and abdominal fat
in both groups. The metformin‑exposed children were
larger in weight, arm and waist circumferences, BMI,
and lean mass at 9 years of age.[24]

Moderate‑intensity exercise of 30 min, on most days, or
brisk walking of about 150 min/week is recommended, if
not contraindicated by an obstetrician. Activities such as
walking, cycling, and swimming are important. They may
reduce the onset of postpartum depression. Exercise may
benefit fetal weight. Exercise could also limit postpartum
weight gain. Diet and physical activity are sufficient to
control the glycemic status in approximately 70%–85%
of women with GDM.

Pharmacotherapy
Pharmacotherapy is prescribed for women with GDM,
who do not achieve adequate glycemic control with
nutritional therapy and exercise alone. Pharmacotherapy
can reduce the occurrence of macrosomia and large for
gestational age in newborns.
Metf or m in an d glyburide are the onl y o ral
antihyperglycemic drugs approved in pregnancy in the
United States. Among the two, metformin is a better
reasonable alternative for women with GDM who
decline to take, or are unable to comply with, insulin
therapy.[20,21] Glyburide is not approved in India and many
other countries outside the United States, and because of
the risk of hypoglycemia, glyburide is best avoided. The
long‑term effects of transplacental passage of noninsulin
antihyperglycemic agents are not known.

Metformin in Pregnancy (MiG) trial was an open,
prospective, randomized, multicenter trial conducted
in women with gestational diabetes, of age 18–45 years
at 20–33 weeks of gestation. The results of the study
showed that, in women with GDM, metformin (alone
or with supplemental insulin) is not associated with
increased perinatal complications as compared with
insulin and that the women preferred metformin to insulin
treatment.[22]

The Society for Maternal‑Fetal Medicine (SMFM) has
recently published that in women with GDM in whom
hyperglycemia is not controlled with medical nutritional
therapy, metformin is a safe, first‑line pharmacological
alternative to insulin therapy (SMFM Publications
Committee, 2018).[25]

Insulin
Short‑acting insulin analogs such as lispro and aspart
seem to be safe in pregnancy and are given as prandial
insulin to maintain 2‑h PP below 120 mg/dl and
long‑acting insulin such as levemir and neutral protamine
hagedorn (NPH), which also are safe in pregnancy

Table 5: Self‑monitored blood glucose of Mrs. X in the 17th week of gestation, with just diet and exercise
Day
1
2
3
4
5
6
7

38

Fasting
(mg/dl)

1‑h postbreakfast
(mg/dl)

Prelunch
(mg/dl)

1‑h postlunch
(mg/dl)

Predinner
(mg/dl)

144
117
117
105
101
103
107

125
141
143
99
128
71

87
144
151
145
143
136

138

75
101
107
79
114

110
155

1‑h postdinner
(mg/dl)

131
93
137
138
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Table 6: Self‑monitored blood glucose of Mrs. X during her follow‑up visits
Follow‑up period ‑ weeks of gestation

Fasting

1 h postbreakfast

Prelunch

20

110
89
80
92
96
90
24*
140
165
155
32
98
120
80
92
128
75
*The glucose levels increased secondary to upper respiratory tract infection and stress in the family

are used as basal insulin to maintain fasting blood
sugar below or equal to 95 mg/dl.[26,27] In a systematic
review and meta‑analysis done in both pre‑GDM and
GDM women, the fetal safety of insulin glargine was
compared with NPH and it was shown that there was no
statistically significant difference in the fetal outcomes
such as congenital anomalies, macrosomia, and neonatal
hypoglycemia between the two insulin. Hence, insulin
glargine can also be used as a safe alternative to NPH
insulin. The starting dose of insulin can be calculated
based on the weight alone (total daily dose of 0.7–1 u/
kg given in divided doses), or based on both weight and
trimester (0.7 u/kg in the first trimester, 0.8 u/kg in the
second trimester, and 0.9–1 u/kg in the third trimester)
and titrated further to maintain the target glycemic
requirements. During intrapartum, intravenous (IV)
insulin infusion along with hourly glucose monitoring is
advised. If insulin requirement is less than 20 units, 24 h
before labor, IV intrapartum insulin infusion may not be
needed.[26] After delivery, insulin is stopped and capillary
blood glucose is monitored for 24–48 h.

1‑h postlunch

Predinner

1‑h postdinner

130
128
180
129
125

100
95
120
90
85

140
145
150
130
128

her father. No significant past medical/surgical history
was noted. She was exercising about 15 min a day. Her
medications included prenatal vitamins and aspirin
150 mg. She was asked to check the capillary blood
glucose using glucometer about 6 times a day, and
she continued to follow a healthy diet prescribed by a
dietitian.
In spite of diet and exercise, since the self‑monitored
blood glucose (SMBG) values during her 17th week of
gestation were above the target range as shown in Table 5,
she was started on pharmacotherapy with injection
detemir 4 units at bedtime and tablet metformin 250 mg
before dinner. Insulin dose was titrated, and after a month,
at 20 weeks of gestation, follow‑up showed fasting:
110 mg/dl, PP after breakfast within range.

Postpartum Testing

Medications were further adjusted with gradual titration
of injection detemir to 11 units at bedtime and tablet
metformin 500 mg before dinner, and the SMBG
improved further. However, owing to stress of an
upper respiratory infection and other family issues, the
fasting glucose again rose to 140 mg/dl at 24 weeks of
gestation [Table 6].

Patients with GDM should be screened for type 2 DM
after pregnancy. Screening is performed at 4–12 weeks
postpartum and, if negative, at least every 3 years
thereafter. Lifestyle interventions (e.g., achieving a
healthy weight, appropriate level of physical activity/
exercise) are beneficial for reducing the incidence
of type 2 diabetes and related comorbidities such as
cardiovascular disease.[28]

Further titration of medications with metformin 500 mg
twice a day and insulin detemir 25 units at bedtime,
and her glucose levels were better controlled with
SMBG showing fasting: 106 mg/dl and PP: 121 mg/dl
at 26 weeks of gestation. Finally, her SMBG was in the
target range at 32 weeks of gestation as seen in Table 6.
The blood glucose at different times of the day was also
similar.

Case Vignette

Mrs. X continued her SMBG and medications were
titrated to maintain the target glucose levels.

Mrs. X, a 34‑year‑old female, primigravida who
conceived after intrauterine insemination, was referred by
her obstetrician for the management of GDM at 16 weeks
of gestation. The OGTT showed that her fasting blood
glucose was 102 mg/dl and 2 h after 75 g of oral glucose
consumption was 154 mg/dl.
The other investigations, including thyroid tests, were
normal. Family history is significant for diabetes in

Summary
Tight control of blood glucose in GDM is important to
prevent both maternal and fetal complications resulting
from uncontrolled hyperglycemia. Mostly, GDM can be
treated with lifestyle modification. Only about 30% of
GDM requires pharmacotherapy with metformin, insulin,
or both. With continuous self‑monitoring of glucose
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and titration of medications to maintain the target blood
glucose, both maternal and fetal complications secondary
to hyperglycemia can be successfully avoided, thus
ensuring a healthy mother and baby.
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Highlights - 5th International Diabetes Summit - 2021
• 82 National and 23 Best in class International Speakers from USA, UK and Europe.
• 5300 delegate registrations from all over India and abroad.
• Oral abstract presentations by 55 young researchers virtually.
• The 3-day mega event comprised of a number of interesting sessions including Technology Symposium on CGM, Symposium on
Management of Diabetic Retinopathy, Diabetes Foot, Indo-US Symposium on Telediabetology, Symposium on Diabetes in Pregnancy.
• Chellaram Foundation Diabetes Research Award - 2021 of Rs. 1,00,000/- was given for the outstanding research in Clinical & Basic sciences each.
• Chellaram Foundation also gave prizes of Rs. 50,000/- for the 2 best papers in Clinical science and Basic science presentation each.
• The Maharashtra Medical Council awarded 6 Credit Points to the Summit 2021.
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The Chellaram Foundation
Diabetes Research Award - 2022
Win Medals & Prizes upto Rs. 6,00,000
with 1 st prize of Rs. 2,00,000
for Outstanding Research
4 th – 6 th March 2022
Last date thfor abs trac t sub mis sion
20 Feb ruar y 202 2

Note: Final decision on registration will be taken by Organizing Committee

The Secretariat Address:
6th International Diabetes Summit (Virtual) 2022
Chellaram Diabetes Institute, Lalani Quantum,
Pune Bangalore NH4 Bavdhan (Budruk) Pune- 411021
E-mail: ids@cdi.org.in
Contact: Ms. Shraddha U. Mahajan
020-66839722 | 8329037854
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Scientific Highlights - IDS 2022
Practical Diabetes

Glucose monitoring & new markers

Real life remission of type 2 diabetes
Practical management of insulin therapy in type 1 diabetes
How to diagnose type 1 diabetes correctly
Clinical interpretation of CGM

Is continuous ketone monitoring a thing?
CGM in non-diabetic athletes- a bridge too far
Using CGM in hospitals
Sensors versus pumps- is there a battle?

Diabetes

Endocrinology and diabetes

Precision medicine- hope or hype?
Does metformin offer organ protection?
Is HbA1C useful in gestational diabetes?
Endocrine causes of diabetes

Cases of PCOS, insulin resistance and diabetes
Managing menopause in diabetes
Non- diabetic hypoglycaemia
Newer aspects of thyroid function tests

Point of view

Cardiovascular diabetology

NAFLD - the promise of future therapies
Tales of Trincretins, Cagrisema and SURPASS!
Tirzepatide: how will diabetes management change?
Can glucometers ‘’guesstimate’’ time in range?

Diagnosing and managing atherosclerosis
Heart failure management and the EMPULSE study
Ketosis and the heart
Cardiovascular risk reduction tools in practice

Advances in diabetes care

Nutrition and diabetes

Can we re-imagine glucagon for diabetes care?
Clinical workshop on obesity treatment
Next generation retinal imaging: What diabetologists should know
Artiﬁcial pancreas is here

New evidence on Keto diet
Protein intake in vegans
Nutritional implications of the RETUNE study
Insulin: Carb Ratios explained

Workshop on Obesity

Pandemic Diabetology & Telehealth

How can a physician diagnose obesity?
How to work up cases of obesity?
Gastric pill and other new advances
Optimizing obesity nutrition

Vaccination and diabetes
Correct management of steroid- induced diabetes
Diabetes care during COVID: a 2021 update
New onset diabetes post –COVID: case studies
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ONLINE
COURSES

Chellaram Diabetes Institute has developed unique online courses, which aim to build the capacity of
primary care physicians and other healthcare professionals in the prevention and management of diabetes
and related disorders.
The CDI E-learning Academy presently offers the following online courses:

Courses for Doctors
1. CME Certificate Course in Diabetes Management (CCCDM)
2. Certificate Course in Diabetic Foot Management (CCDFM)
3. CME Certificate Course in the Management of Gestational Diabetes Mellitus (CCCMGDM)
4. Certificate Course in Obesity Prevention and Management (CCOPM)
5. CME Certificate Course in Lipid Disorder Management (CCCLDM)
6. CME Certificate Course in the Prevention and Management of Diabetic Kidney Disease (CCCMDKD)

Courses for Healthcare Professionals
1. Certificate Course for Diabetes Educators (CCDE)
2. Certificate Course in Diabetic Foot Care and Preventive Podiatry for Healthcare Professionals (CCDPH)
To know more about these courses, Visit CDI E-learning Academy:
www.cdiacademy.org.in
cdiacademy@cdi.org.in
+91 77450 14442

OUR PARTNERS

Scan here to join our
E-learning Academy

