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	 EDITORIAL	

Łukasz Stolarczyk1, Viral N. Shah2

1Scientific Information, Via Medica™, Gdansk, Poland
2Division of Endocrinology and Metabolism, Indiana University School of Medicine, Indianapolis, United States

‘Clinical Diabetology’: Highlights of 2024 
and Thank You to Our Reviewers

Greetings from the Editorial Board  
of ‘Clinical Diabetology’!

The year 2024 was the third for ‘Clinical Diabetol-
ogy’ (CD) under the Editor-in-Chief, Dr. Viral N. Shah 
and his Editorial team. In a way, it is our duty to share 
some of our recent achievements and insights with 
readers of the Journal. We continue to see an increase 
in submissions to ‘Clinical Diabetology’ from around 
the world. Compared to 2024, both the number of 
submissions as well as acceptances to CD have grown 
by 20%, while the rejection rate has been stable at 
around 40%. Despite this increment, the Editors were 
able to keep the average ‘submission to early publica-

tion’ time below 100 days and our goal is to reduce 
time from ‘acceptance to early publication’ (Fig. 1).

The numbers of both downloads and views of ar-
ticles published in CD are growing. Table 1 highlights 
the top three most downloaded research articles in 
the year 2024. Along with these trends, we have good 
reasons to expect growth of two crucial bibliometric 
parameters, i.e., Impact Factor by Clarivate Analytics 
and CiteScore by the Scopus database. 

Additionally, at the end of 2024, CD joined Re-
searchGate, which we believe will enhance its visibility 
and circulation. Achieving this progress would not have 
been possible without contributions of expert reviewers 

Figure 1. Average Time from Article Submission to Approval and Early Publication

6 days 	 9 days 	 57 days	 97 days
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helping us select the best research articles. We would 
like to extend our thanks to all active reviewers but 
especially highlight the five experts who were most 
active in 2024:  

	— Edward Franek — Department of Internal Medi-
cine, Endocrinology, and Diabetology, MSWiA, 
Warsaw, Poland

	— Vinod Abichandani — MSc Endocrinology, Uni-
versity of South Wales, United Kingdom

	— Vipul Chavda — Rudraksha Institute of Medical 
Sciences, Gujarat, India

	— Dhruvi Hasnani — Department of Diabetol-
ogy, Rudraksh Institute of Medical Sciences, 
Ahmedabad, Gujarat, India

	— Kaumudi Chenamsetti — Diahappy Diabetes Rever-
sal Clinic, Shyamal, Vastrapur Ahmedabad, India 
We wish you all a very happy, healthy, and pros-

perous 2025! We invite you to join forces with us by 
submitting your research contributions, citing our sci-
entific research articles and contributing as a reviewer.
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Amit Gupta
Centre For Diabetes Care, Greater Noida, India

Rethinking Metabolic Health — Integrating 
Physical Activity and Body Composition in 
Diabetes Prevention and Management

The increasingly high global disease burden of 
type 2 diabetes (T2D) and insulin resistance (IR) compels 
the creation of effective strategies for prevention and 
management. The two studies of this issue of ‘Clinical 
Diabetology’ add thoughtful insights to the ongoing 
debate. Dubaj et al. [1] examine the contribution of 
daily step count to diabetes prevention and control​, 
and Gołacki et al. [2] investigate the utility of bioimped-
ance body composition analysis in evaluating insulin 
resistance in women with overweight and obesity​. Col-
lectively, these articles present a strong case for a more 
subtle and personalized approach to metabolic health.

Small steps, big impact: physical activity 
and diabetes prevention

Dubaj et al. [1] describe a systematic review that 
shows how small daily step increases can provide signif-
icant metabolic health benefits. The research dispels the 
common 10,000-step daily recommendation, instead 
finding that an optimum of between 4500 and 9000 
steps per day is needed for better glucose metabolism 
and T2D risk reduction. Notably, their research indicates 
that as few as 4000 steps a day provide tangible health 

benefits, highlighting the importance of setting realistic 
and achievable activity levels.

The molecular processes underlying these advan-
tages are well established: enhanced insulin sensitivity, 
improved GLUT4 translocation, and improved lipid me-
tabolism all serve to enhance glycemic control. Moreo-
ver, the review identifies that the mortality benefits of 
walking plateau after 9000 steps, further solidifying 
the principle that more is not always better. Clinically, 
this data supports a strategy of a gradual, incremental 
increase in daily physical activity over strict compliance 
with an arbitrary cutoff.

Beyond BMI: a new perspective on body 
composition and insulin resistance

Concurrently, Gołacki et al. [2] tackle a long-
standing shortcoming in metabolic studies: the use 
of BMI and waist circumference (WC) as surrogates 
for metabolic risk​. Their research assesses the utility 
of visceral fat rating (VFR) derived from bioimpedance 
body composition analysis in the prediction of insulin 
resistance. Although conventional markers like BMI and 
WC are still useful, they cannot distinguish between 
subcutaneous and visceral fat, the former of which is 
less linked to metabolic dysfunction.

The results of the study suggest that VFR can be 
used as a secondary biomarker for insulin resistance, 
especially in obese women. While bioimpedance is 
a cheap and non-invasive device, the study also rec-
ognizes the necessity for additional validation prior 
to its use in clinical settings. This study is especially 
well-timed, considering the increasing awareness of 
metabolic-associated steatotic liver disease (MASLD, 
previously NAFLD), a condition strongly associated 
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with visceral fat deposition and insulin resistance. An 
improved method of body composition measurement 
may improve early detection and directed intervention.

Towards a more comprehensive approach 
to metabolic health

Taken together, these findings support the use of 
personalized, evidence-based methods in the man-
agement of metabolic health. Dubaj et al. offer an 
understandable and usable guide to physical activity 
enhancement, and Gołacki et al. point toward the im-
portance of more nuanced measures of obesity. The 
combination of both methods — promoting sustain-
able movement objectives with more detailed meas-
ures of metabolic risk — has the potential to enhance 
diabetes prevention and treatment.

Future studies need to further tailor these strate-
gies by examining how step count interventions may 
be tailored to metabolic risk profiles and whether or 
not bioimpedance assessments can be made more 
standardizable for wider clinical application. Further-
more, longitudinal trials are required to determine the 
long-term effects of these interventions on diabetes 
progression and complications.

Conclusions
The research published in this volume of ‘Clinical 

Diabetology’ joins a developing set of literature recom-
mending a move from one-size-fits-all suggestions for 
the prevention and management of diabetes. Stimulat-
ing step-by-step increases in daily physical activity and 
using more accurate body composition measures might 
provide the kind of patient-specific strategies that in-
terventions would need to effectively address. As our 
definition of metabolic health continues to expand, so 
must our clinical practices, so that interventions are not 
only effective but also sustainable in everyday practice.
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	 RESEARCH PAPER	

Jakub Gołacki1 , Katarzyna Witczak2, Kamil Górecki2, Aneta Szafraniec-Porada1,  
Jakub Wronecki1, Dominik Porada1, Beata Matyjaszek-Matuszek1

1Department of Endocrinology, Diabetology, and Metabolic Diseases, Medical University of Lublin, Lublin, Poland
2Students’ Scientific Society at the Department of Endocrinology, Diabetology, and Metabolic Diseases, Medical University of Lublin, Lublin, 
Poland

Bioimpedance Body Composition Analysis 
in Estimating Insulin Resistance in Women 
with Overweight and Obesity (LUCAS 1.1): 
A Retrospective Analysis

ABSTRACT
Objective: Insulin resistance (IR) is a disruption in 
glucose homeostasis characterized by decreased tis-
sue sensitivity to insulin. One of the main causes of 
IR is considered to be obesity, a significant problem 
in contemporary medicine. It can be diagnosed using 
easily measurable parameters such as body mass index 
(BMI), waist circumference (WC), or waist-to-hip ratio 
(WHR). In this study, we aimed to compare the effec-
tiveness of conventional obesity markers with param-
eters obtained from bioimpedance body composition 
analysis in assessing the severity of insulin resistance 
in individuals with overweight and obesity
Materials and methods: A retrospective analysis 
of 702 patients, including 557 women (79%) with 
overweight and obesity, was conducted, focusing on 
metrics like BMI, WC, visceral fat rating (VFR), and 
indirect indicators of insulin resistance: Quantitative 

Insulin Sensitivity Check Index (QUICKI), Homeostatic 
Model Assessment of Insulin Resistance (HOMA-IR), 
and triglyceride to high-density lipoprotein ratio 
(TG/HDL ratio).
Results: Due to significant differences in body com-
position, men and women were analyzed separately. 
Because of the high number of male patients with 
insulin resistance, only the female group was analyzed. 
Both BMI and WC had a greater AUC than VFR. Analyz-
ing the Youden graph, a cutoff point value for VFR, 
suggested to be 16% body fat (PBF), showed limited 
predictive value.
Conclusions: The VFR could serve as a valuable ad-
ditional biomarker in assessing insulin resistance in 
female patients with obesity. (Clin Diabetol 2025; 14, 
1: 5–11)

Keywords: obesity; visceral fat rating; insulin 
resistance; bioimpedance; body composition

Introduction
Obesity has become an increasingly significant 

health problem worldwide. According to the World 
Health Organization (WHO), in 2016 1.9 billion adults 
aged 18 years and older were overweight, with 650 mil-
lion of them classified as persons with obesity [1]. The 
statistics mentioned above clearly indicate the need to 
raise public awareness about obesity, its consequences, 
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early detection, and the search for newer therapeutic 
methods. One method for detecting and monitoring 
this condition is utilization of the body mass index 
(BMI) indicator. Calculating this indicator requires eas-
ily measurable parameters: height in centimeters and 
weight in kilograms. Unfortunately, it does not take 
into account the distribution of body fat, which can 
lead to inaccurate results. Subcutaneous fat tissue, 
despite representing the highest percentage of mass 
and surface area of all fat tissue in the body, is not as 
metabolically active as visceral fat tissue. Excessive ac-
cumulation of visceral fat is associated with numerous 
cardiometabolic complications. Therefore, it is crucial 
to use methods in measurements that allow for dif-
ferentiation between them [2, 3].

The amount of visceral fat tissue can be estimated 
using densitometry (DXA), computed tomography (CT), 
or magnetic resonance imaging (MRI). However, these 
methods are expensive, less accessible, or require radia-
tion exposure, prohibiting their wide in clinical practice 
[4]. Due to the significant diagnostic and prognostic 
benefits of assessing visceral fat tissue, it is necessary 
to find another indicator that is easily accessible, cost-
effective, and does not expose the patient to additional 
radiation. Promisingly, the use of the bioimpedance 
method appears to be suitable for this purpose [5]. 
This method is based on measuring the body’s electri-
cal response after introducing a low-level alternating 
current, allowing for the estimation of body compo-
sition [5]. Visceral obesity leads to insulin resistance 
(IR), characterized by decreased sensitivity of cells to 
insulin despite its elevated levels in the bloodstream [6]. 
The Lublin Comorbidity of Adiposity Study (LUCAS) is 
a project initiated by the Department of Endocrinology, 
Diabetology, and Metabolic Diseases at the Medical 
University of Lublin. Its aim is to determine the correla-
tions between anthropometric parameters and various 
metabolic disorders as well as other consequences of 
obesity in a large population sample. The aim of this 
study, which is a part of this project, was to investigate 
the correlation between visceral obesity measured using 
bioimpedance and elevated IR indices.

Materials and methods

Study design and patients
This cross-sectional study was carried out at the De-

partment of Endocrinology, Diabetology, and Metabolic 
Diseases at Independent Public Clinical Hospital No. 4 
in Lublin, Poland. The study involved 702 patients with 
overweight or obesity, with an average age of 44.1 ± 
13.8 years, including 557 women (79%). A retrospective 
analysis of data from medical records was conducted, 

with a particular focus on anthropometric data, such 
as age, gender, BMI, waist circumference (WC), waist 
to height ratio (WHtR), results of body composition 
analysis using the bioimpedance method (percent body 
fat (PBF), visceral fat rating (VFR)], and indirect indica-
tors of insulin resistance: Quantitative Insulin Sensitivity 
Check Index (QUICKI), Homeostatic Model Assessment 
of Insulin Resistance (HOMA-IR), and triglyceride to 
high-density lipoprotein ratio (TG/HDL ratio). This article 
is a part of the LUCAS series, with the main question 
being asked: is the visceral fat rating better than body 
mass index in predicting insulin resistance in patients 
with overweight and obesity?

Body composition measurement
Body weight was measured with an accuracy of 

0.1 kg, along with body composition, using direct 
electrical bioimpedance. A Tanita Corporation Body 
Composition Analyzer DC-430MA device was used for 
this purpose. The device uses 4 integrated electrodes 
within the platform. This method is based on the intro-
duction of low-level alternating current into the body 
at 2 frequencies: 6.25 kHz and 50 kHz. As a result of 
this measurement, the following data can be obtained: 
body weight in kg ± 0.1 kg, BMI, PBF (with an accuracy 
of ± 0.1%), and VFR.

Indices
One of the indicators used to assess abdominal 

obesity is waist circumference (WC). To measure it 
correctly, it is recommended that a measuring tape be 
placed at the midpoint between the hip bone and the 
lower margin of the last rib. The measurement should 
be taken with the patient standing, after soft expira-
tion, with both feet touching the ground and arms 
hanging freely. The measuring tape should be posi-
tioned perpendicular to the body’s long axis, horizon-
tally to the floor, with appropriate tension, but without 
exerting pressure on the abdominal wall [7].

In the study, commonly used indices were utilized, 
such as HOMA-IR, QUICKI, and the TG/HDL ratio. HOMA-
IR is a widely used index for detecting and assessing 
central insulin resistance dynamics, calculated by multi-
plying fasting blood glucose levels (mmol/L) by fasting 
insulin levels (μU/mL), and then dividing the result by 
22.5 [8, 9]. QUICKI is calculated using the following 
formula: QUICKI = 1/[log(I) + log(G0)], where I0 repre-
sents fasting insulin (μU/mL) and G0 is fasting glucose 
(mg/dL) [9]. The triglyceride to HDL cholesterol ratio is 
a commonly used indicator for assessing cardiovascular 
risk and inflammatory status in the body. Calculating 
this ratio requires determining the lipid profile of the 
patient and calculating the TG/HDL ratio.

https://sciwheel.com/work/citation?ids=6847341,15164061&pre=&pre=&suf=&suf=&sa=0,0
https://sciwheel.com/work/citation?ids=15165930&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=12801641&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=12801641&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=16260062&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=75806&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=14223584,7392079&pre=&pre=&suf=&suf=&sa=0,0
https://sciwheel.com/work/citation?ids=7392079&pre=&suf=&sa=0
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Ethics approval
This study did not require approval from the Ethics 

Committee because it was based solely on anonymized 
and non-identifiable data routinely gathered at our 
department. 

Statistical analysis
Statistical analysis was performed using Statistica 

software, applying receiver operating characteristic 
(ROC) curve analysis to assess the diagnostic perfor-
mance of different anthropometric and body composi-
tion indicators (BMI, WC, PBF, VFR) in predicting insulin 
resistance. For this purpose, 3 insulin resistance indices 
were used: HOMA-IR, QUICKI, and the TG/HDL ratio.

We utilized the Youden index and tangential 
method to determine the optimal cutoff points for each 
indicator. The area under the curve (AUC) was calcu-
lated to compare the effectiveness of these indicators 
in identifying insulin resistance across different patient 
groups (separated by gender), providing a measure 
of overall diagnostic accuracy. A higher AUC indicates 
a better discriminatory ability of the test or indicator 
in question. The Youden index was specifically used to 
identify the optimal cutoff value for visceral fat rating 
(VFR) in diagnosing insulin resistance. The Youden index 
is calculated using the following formula: J = Sensitiv-
ity (S) + Specificity (T) – 1, where sensitivity represents 
the ability of the test to correctly identify patients with 
insulin resistance (true positives), and specificity rep-
resents its ability to correctly identify patients without 
insulin resistance (true negatives). The Youden index 
ranges from 0 to 1, with values closer to 1 indicating 
a more effective test. The point at which the Youden 
index is maximized is considered the optimal cutoff, as 
it balances sensitivity and specificity.

In our analysis, we used the Youden index to find 
the most appropriate cutoff for VFR, which maximized 
the ability of VFR to differentiate between patients with 
and without insulin resistance. The index allows us 
to pinpoint the VFR value where the test’s diagnostic 
performance is highest.

Results 
In the analyzed group, women constituted a larger 

proportion (557, 79.34%) compared to men (145, 
20.66%). Due to significant differences in average body 
composition, the groups were analyzed separately. 
Regarding sex, age, body weight, BMI, and WC, males 
exhibited a higher average body weight of 119.38 kg 
and WC of 124.25 cm. Females displayed lower average 
values in body weight (99.33 kg) and WC (109.51 cm). 
There were no significant differences observed in age 
and BMI between the genders.

Focusing on VFR and PBF, the mean VFR was sig-
nificantly higher in men (19.1) compared to women 
(10.71), with a p-value approaching zero. Women had 
higher average PBF (42.50%). In terms of blood pres-
sure, men showed elevated systolic blood pressure 
(mean: 138.64 mmHg), whereas women had an average 
systolic blood pressure of 132.39 mmHg. There were 
no significant differences in diastolic blood pressure.

Lastly, metabolic indicators revealed more pro-
nounced dysfunction in men, evidenced by a higher 
average HOMA-IR of 4.69 and a TG/HDL ratio of 4.54. 
Women showed a more favorable profile, with an av-
erage HOMA-IR of 3.46 and a TG/HDL ratio of 2.69. 
Differences in QUICKI were also significant, indicating 
lower insulin sensitivity in men (mean QUICKI: 0.31) 
than in women (mean QUICKI: 0.33), with a p-value 
less than 0.00001. The results are gathered in Table 1.

Table 1. Baseline Characteristics of the Patients

Variable Female Male P-value

Age [years] 43.71 ± 13.63 45.52 ± 14.29 0.160647

Body weight [kg] 99.33 ± 17.75 119.38 ± 22.78 0.000000

BMI [kg/m2] 36.66 ± 5.95 37.68 ± 6.58 0.000000

Waist circumference [cm] 109.51 ± 12.85 124.25 ± 15.22 0.000000

Visceral fat rating 10.71 ± 3.41 19.1 ± 5.27 0.000012

Percent body fat [%] 42.5 ± 5.58 36.3 ± 18.81 0.077400

Systolic blood pressure [mmHg] 132.39 ± 16.33 138.64 ± 14.41 0.002340

Diastolic blood pressure [mmHg] 86.68 ± 10.46 87.7 ± 9.34 0.434855

HOMA-IR index 3.46 ± 2.24 4.69 ± 2.82 0.000002

QUICKI index 0.33 ± 0.03 0.31 ± 0.03 0.000002

TG/HDL ratio 2.69 ± 1.65 4.54 ± 5.93 0.000000

BMI — body mass index; HOMA-IR — Homeostatic Model Assessment of Insulin Resistance; QUICKI — Quantitative Insulin Sensitivity Check Index; TG/HDL 
— triglyceride to high-density lipoprotein ratio
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Table 2. Percentage of Patients with Insulin Resistance

Variable Female Male

HOMA-IR > 2.5 59.01% 80.95%

QUICK-I > 0.34 70.56% 88.57%

TG/HDL > 2 58.98% 81.25%

HOMA-IR — Homeostatic Model Assessment of Insulin Resistance; QUICKI 
— Quantitative Insulin Sensitivity Check Index; TG/HDL — triglyceride to 
high-density lipoprotein ratio

Table 3. AUC between Methods Detecting Obesity in Relation to Insulin Resistance Indices

 Male Female

 HOMA-IR QUICK-I TG/HDL HOMA-IR QUICK-I TG/HDL

BMI 0.819 0.808 0.611 0.663 0.663 0.596

WC 0.871 0.879 0.644 0.65 0.657 0.596

VFR 0.674 0.7 0.647 0.562 0.572 0.598

PBF 0.684 0.679 0.597 0.552 0.588 0.592

Body weight 0.796 0.858 0.573 0.631 0.63 0.594

AUC — area under curve; BMI — body mass index; HOMA-IR — Homeostatic Model Assessment of Insulin Resistance; QUICKI — Quantitative Insulin Sensitiv-
ity Check Index; PBF — percentage body fat; TG/HDL — triglyceride to high-density lipoprotein ratio; VFR — visceral fat ratio; WC — waist circumference

Figure 1. Youden Graph for Visceral Fat Rating (VFR) 
Predicting Insulin Resistance in Women

Additionally, there was a higher percentage of in-
sulin resistance in the population of males regarding 
all 3 insulin sensitivity indices, as shown in Table 2 (the 
difference between sexes was statistically significant, 
with p < 0.001).

Similar ROC curves were observed for BMI, WC, and 
VFR when using commonly accepted cutoff points for 
HOMA-IR (2.5), QUICKI (0.34), and TG/HDL ratio (2). 
Because of important statistical differences between 
genders regarding most of the analyzed statistics, 
they were calculated separately. In both genders, the 
highest AUC was observed regarding BMI, and WC re-
garding both HOMA-IR and QUICKI. The AUC for VFR 
was lower than both BMI and WC, and the difference 
was statistically significant (p < 0.001). The results are 
gathered in Table 3.

When analyzing VFR in the population, there were 
no males below rating 11. Additionally, because of the 
large percentage of male patients with insulin resist-
ance in the studied group, only females were analyzed. 
The proposed cutoff value for VFR in the studied popu-
lation, based on the Youden index, was 16, with a pos-
sible secondary value of 14, which had better sensitivity 
and reduced specificity (Fig. 1).

Discussion
In our study, patients with obesity underwent 

analysis using bioimpedance, and their results were 

compared with commonly used indicators in obesity 
diagnosis to assess the severity of IR. 

In this study, we tried to determine whether the 
VFR is a valuable tool in predicting IR in comparison 
to traditional metrics like BMI and WC. Although the 
Youden index for VFR at a cutoff point of 16 was below 
0.3, this should not immediately discount its clinical 
value. The VFR provides unique insights into visceral 
adiposity, a key factor in metabolic dysfunction and IR, 
which BMI and WC might not fully capture. Visceral fat 
is closely linked to metabolic risk, and the fact that VFR 
directly measures this parameter adds value, particu-
larly in the context of obesity, where subcutaneous and 
visceral fat often present different metabolic risks. The 
relatively low Youden index suggests some limitations 
to the overall sensitivity and specificity of VFR for diag-
nosing insulin resistance compared to other measures, 
but this does not negate its utility. For example, VFR 
may offer additional value when used in conjunction 
with other indicators. 
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While BMI and WC are well-established predictors 
of IR with higher AUC values, they do not specifically re-
flect visceral fat, which plays a critical role in the patho-
physiology of IR and cardiovascular disease. Moreover, 
in clinical practice, the combination of VFR with BMI 
or WC could potentially enhance diagnostic accuracy, 
especially in patients with obesity, where the distinc-
tion between visceral and subcutaneous fat is crucial. 
Given that VFR was developed to assess visceral fat, its 
use alongside other indicators might improve the early 
detection of insulin resistance in certain populations, 
particularly those with abdominal obesity.

Using BMI as a widely accepted indicator in obe-
sity diagnosis has many limitations. Cutoff points for 
this indicator do not account for differences in fat 
tissue distribution between genders or ethnic origins 
[10]. Another reason to seek alternative diagnostic 
methods is the inability to differentiate between to-
tal mass and muscle mass, rendering BMI unreliable, 
especially among athletes. It is also crucial to use 
a method capable of determining the amount of fat 
tissue in the body; however, the quantity of fat tis-
sue alone is not a useful indicator due to numerous 
limitations. Samuel Klein et al. demonstrated in their 
study that patients undergoing liposuction, despite 
reducing the percentage of body fat tissue, do not 
experience improvements in obesity-related metabolic 
disorders, nor does their risk of coronary heart disease 
decrease, because only the amount of subcutaneous 
fat tissue is reduced [11].

In one cross-sectional study involving 418,343 
workers in Spain, the glucose triglyceride index (TyG 
Index) was utilized and compared with BMI, WHtR, 
and WC. Statistical analysis showed that WC plays 
a key role in early detection of metabolic syndrome 
and identification of insulin resistance [12]. However, 
other researchers suggest that the correlation between 
TyG and BMI more accurately detects insulin resistance 
than the previously mentioned indicator [13]. WC is 
also significant among individuals with normal BMI 
because the TG concentration and WC were found to 
have the greatest diagnostic value in detecting insulin 
resistance in participants without obesity [14]. Addi-
tionally, increased TG and WC values affect the impair-
ment of pancreatic beta cell function [14]. WC is not an 
ideal indicator, however, because it does not account 
for height — its diagnostic utility is limited among 
tall and short individuals [13, 15]. Considering this, 
a new method has been proposed based on the ratio 
of waist circumference to patient height, allowing for 
standardization and objectivity with respect to height. 
One of the advantages of WHtR is better prediction of 
dyslipidemia, hypertension, and metabolic syndrome 

compared to WC or BMI [16]. Additionally, both WHtR 
and WC show better detection of insulin resistance 
than newly emerged obesity indicators such as body 
adiposity index (BAI) or body roundness index (BRI) 
[17]. Jamar et al. demonstrated in their studies that 
among the mentioned indices, WHtR has the highest 
predictive value [18].

The reason we seek a better, more accurate in-
dicator is the need to differentiate between types of 
adipose tissue and establish norms based on gender, 
age, and ethnic origin. Visceral fat tissue, besides its 
storage function, also acts as an active endocrine or-
gan, producing and secreting numerous adipokines and 
cytokines. They play a crucial role in regulating cellular 
responses to insulin and controlling inflammatory pro-
cesses. Disturbance in the balance of these substances 
in favor of resistin leads to decreased insulin sensitiv-
ity and increased production of pro-inflammatory 
cytokines. This association affects lipoprotein lipase 
(LPL), responsible for lipid metabolism, leading to their 
excessive accumulation. This effect manifests as ath-
erogenic dyslipidemia, characterized by elevated levels 
of triglycerides and low-density lipoproteins (LDL), and 
decreased levels of HDL, resulting from increased free 
fatty acid (FFA) levels [19–21].

 There is increasing discussion about metabolic-
associated steatotic liver disease (MASLD) (formerly 
known as nonalcoholic fatty liver disease, NAFLD) asso-
ciated with metabolic dysfunction and insulin resistance 
– a state in which the release of FFAs from adipocytes in-
creases, making them less responsive to insulin. Excess 
FFA is deposited as fat in the visceral area, contributing 
to the development of MASLD. MASLD occurs when at 
least 5% of hepatocytes undergo steatosis, and one of 
the consequences is insulin resistance [22, 23]. 

Several authors have suggested a positive cor-
relation between IR and VFR in the past. Researchers 
suggest that regardless of gender, individuals with 
insulin resistance exhibit higher parameters assessing 
visceral fat amount compared to those without insulin 
resistance, indicating a positive correlation between 
these two indicators [21, 24]. Similar results were also 
obtained in a group of patients with polycystic ovary 
syndrome, showing a strong correlation with the pres-
ence of visceral fat tissue and the occurrence of insulin 
resistance in patients [25]. Zhang et al. demonstrated 
a positive correlation between insulin resistance and 
fat tissue in various body parts in their meta-analysis, 
with the strongest correlation observed for visceral fat 
tissue [26].

The examples above illustrate how much informa-
tion about health status can be provided by knowledge 
of visceral fat tissue quantity. Therefore, finding an 
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indicator that enables easy, widely accessible, and non-
invasive measurement of visceral fat tissue is recom-
mended. Among the indicators considered in the study, 
promising results were obtained using the bioimped-
ance method. This method has many advantages — it 
is inexpensive, simple to conduct, and relatively safe, 
though individuals with implanted pacemakers or metal 
implants, pregnant women, and patients with electro-
lyte disturbances should not undergo the examination. 
It does not expose the patient to additional radiation 
like CT and DXA scans, or the costs associated with 
MRI. Despite its many advantages, bioimpedance is 
not without flaws. In patients with electrolyte distur-
bances, very high BMI, or obesity, there are limitations 
in using this method due to the lack of measurement 
repeatability. Taking into account the above reasons, 
bioimpedance has great potential as an indicator for 
detecting insulin resistance; however, standardiza-
tion of this method is needed to enable comparison 
of results obtained in different locations and greater 
measurement repeatability.

The male population in our study presented 
a higher percentage of patients with insulin resistance 
compared to the female group, which is why statisti-
cal differences were notable between the genders. 
The differences in results between the genders can be 
explained by several factors. Premenopausal women 
tend to accumulate subcutaneous fat in the buttock 
and thigh areas, known as gynoid obesity. In contrast, 
men tend to accumulate visceral fat in the abdominal 
region, known as android obesity [27]. Abdominal vis-
ceral fat is strongly associated with insulin resistance, 
unlike subcutaneous fat [27]. Another reason is that 
men are diagnosed later and are less willing to undergo 
obesity treatment compared to women [28]. These 2 
factors result in a more advanced stage of the disease 
among men, leading to higher mortality and a lower 
percentage of successfully treated patients [28].

Despite these observations, men were excluded 
from further analysis primarily due to the significant 
imbalance in sample sizes. Men made up only 21% of 
the cohort. This distinction limits the statistical power 
and reliability of conclusions drawn for the male sub-
group. Furthermore, the pronounced differences in 
visceral fat accumulation between men and women 
meant that analyzing the groups together would risk 
confusing the results, given that visceral fat has a clear 
impact on insulin resistance.

Conclusions
In conclusion, our findings revealed that VFR may 

serve as a valuable additional biomarker in assess-
ing insulin resistance in female patients with obesity. 

However, further research in this area is recommended, 
focusing on a larger patient group with particular em-
phasis on the male gender.

Limitations
We conducted a retrospective study that was sus-

ceptible to selection bias. Additionally, limitations in-
clude a relatively small sample size, comprised entirely 
of white patients from Poland, predominantly from 
the Lublin Region. Body composition analysis using 
bioimpedance was performed using a two-electrode 
analyzer, and relied on the VFR index, which currently 
lacks full medical validation. The insulin resistance 
indices are estimations because the metabolic clamp 
method was not employed.
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ABSTRACT
Objective: This study aims to explore the perspectives, 
practices, and challenges faced by healthcare profes-
sionals (HCPs) in India in managing type 1 diabetes (T1D) 
during pregnancy, focusing on preconception care, 
glucose control, and adherence to clinical guidelines.
Materials and methods: To collect anonymous data, 
a Google form was circulated among health care pro-
fessionals managing diabetes, from December 2023 to 
February 2024. A handful of questions were enlisted 
regarding the nature of care and treatment provided by 
the HCP during the pregnancy in T1D, and the results 
were analyzed accordingly.
Results: A total of 543 HCPs, comprising of diabe-
tologist, primary care physicians, gynecologists, and 

endocrinologists, filled out the questionnaire. Among 
all HCPs, diabetologists (33.03%) comprised the largest 
group. The responses underscore the importance of 
tight glucose control before pregnancy, with the ma-
jority recommending a glycated hemoglobin (HbA1c) 
range of < 6.5% to minimize risks during pregnancy. 
The dataset reflects adherence to various guidelines, 
including the Research Society for the Study of Diabe-
tes in India (RSSDI) 31.55%, the International Society 
for Pediatric and Adolescent Diabetes (ISPAD) 33.95%, 
and the American Diabetes Association (ADA) 34.50%, 
indicating a diverse yet standardized approach to 
managing T1D in pregnancy. A significant majority 
offer preconception counselling services, underlining 
the critical role of early intervention and planning in 
the management of T1D pregnancies. 
Conclusions: The dataset highlights the importance 
of preconception counselling, patient education, and 
personalized care for pregnant woman with T1D. 
Promoting adherence to unified guidelines can help 
reduce care disparities and ensure better outcomes. 
(Clin Diabetol 2025; 14, 1: 12–17)
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Introduction 
Globally, the prevalence of type 1 diabetes (T1D) is 

estimated at 9.5 million cases as of 2021, with incidence 
rates varying significantly across regions. While precise 
data are limited in India, studies suggest a prevalence 
of approximately 0.3 per 1000 population, translating 
to over 800,000 individuals living with T1D [1]. India is 
also known as the diabetes capital of the world, with 
the highest rate of diabetes cases worldwide. 31.7 mil-
lion people in India were estimated to have diabetes in 
2000; by 2030, that number is expected to increase to 
79.4 million [2]. Among the different forms of diabetes, 
T1D poses a substantial clinical problem. The autoim-
mune reaction that causes T1D leads to the destruction 
of the pancreatic β-cells responsible for making insulin; 
hence, achieving euglycemia requires lifelong insulin 
replacement treatment. Globally, T1D usually manifests 
at an earlier age, and it affects women with T1D more 
severely when they are fertile. Every year, T1D compli-
cates between 0.2% and 0.5% of births in the US [3].

T1D poses significant risks during pregnancy, re-
quiring specialized care to optimize both maternal and 
fetal outcomes. Women with T1D face increased risks 
of serious pregnancy complications like pre-eclampsia, 
a serious pregnancy complication characterized by high 
blood pressure and signs of damage to other organ 
systems; higher glucose levels also lead to excessive 
fetal growth (macrosomia), increasing the chances 
of cesarean delivery or birth trauma, which can result 
in preterm delivery. Women with T1D are also at risk 
of stillbirth, congenital abnormalities, and neonatal 
morbidity [4, 5]. Out of the 131.4 million live births 
among women aged 20 to 49 years worldwide, 21.3 
million (16.2%) are affected by hyperglycemia during 
pregnancy, and 6.2% of these people have a history of 
diabetes, including T1D [1].

Pregnancy-related T1D management requires 
particular care to optimize outcomes for both the 
mother and the fetus. Effective management requires 
multidisciplinary care, which includes personalized 
insulin therapy, continuous glucose monitoring, and 
preconception counselling. Achieving optimal gly-
cemic control is essential to significantly reduce the 
probability of adverse outcomes. It has been shown 
that lowering the HbA1c level before conception low-
ers the chance of congenital malformations and other 
complications [6, 7].

There are many different ways to manage T1D dur-
ing pregnancy due to India’s diverse healthcare system 
and easy access to specialized care. Although endocri-
nologists, diabetologists, and gynecologists treat most 
T1D pregnancies in urban regions, primary care physi-
cian often manage these patients. The lack of uniform 

reference systems and multidisciplinary teams places 
the responsibility for patient care on individual clini-
cians, leading to a variety of practices and outcomes [8].

Strict glycemic management during pregnancy has 
become easier to maintain thanks to technological ad-
vancements like insulin pumps and continuous glucose 
monitoring (CGMs). Together with comprehensive pa-
tient education and support, these strategies are critical 
for treating the problems associated with gestational 
T1D [9]. However, there are disparities in care that are 
exacerbated by the uneven availability of this technol-
ogy across India.

The survey seeks to address gaps in the consistency 
of care provided by different health care professionals 
(HCP), highlighting disparities that could be reduced 
through standardized practices​ to improve outcomes 
in women and their newborns.

Materials and methods
Study design and population

The online observational survey was conducted 
from December 2023 to February 2024 and included 
diabetologists (33%), endocrinologists (28%), primary 
care physicians (29%), and gynecologists (10%). 

Questionnaire development
The survey was developed by collective input from 

the authors, and the questionnaires were evaluated by 
senior team members. The questions focused on several 
key areas, such as preconception care, glycemic man-
agement, follow-up practices, adherence to guidelines, 
patient education, and challenges and barriers. These 
questions were developed based on existing guidelines 
from the International Society for Pediatric and Adoles-
cent Diabetes (ISPAD), the American Diabetes Associa-
tion (ADA), and the Research Society for the Study of 
Diabetes in India (RSSDI), to ensure the relevance and 
accuracy of the data collected. The closed-ended ques-
tionnaire had multiple-choice and yes/no questions. For 
example, one question asked about the preconception 
HbA1c of pregnant women with T1D and provided op-
tions of < 6.6%, 6.6–7.5%, or 7.6–8.5%. Another ques-
tion asked whether the HCPs provided preconception 
counselling to T1D females at their center. This ensured 
that the questionnaire covered the most relevant and 
pressing issues in managing T1D during pregnancy.

Data collection and analysis
The survey was distributed digitally through profes-

sional networks, email lists, and social media platforms 
specifically aimed at healthcare professionals respon-
sible for diabetes management in India. The Google 
Forms platform provided convenient accessibility and 
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facilitated the collection of responses while maintain-
ing anonymity. The participants were provided with 
information regarding the objective of the study and 
were guaranteed confidentiality. Completion of the 
survey implied consent.

The data collected from Google Forms was trans-
ferred to Microsoft Excel for the purpose of data cleans-
ing and first analysis. Descriptive statistics were em-
ployed to provide a summary of the responses, which 

included frequency distributions and percentages for 
categorical variables. 

Ethical considerations
The survey was done following ethical guidelines 

for research involving human participants. While of-
ficial ethical approval was not necessary because of 
the anonymous and voluntary nature of the survey, 
participants were informed about the study’s goals, 
and their agreement was indicated by their decision 
to participate. No personally identifiable information 
was gathered.

Limitations
The study’s utilization of self-reported data may 

introduce bias because participants’ responses could 
be impacted by their personal viewpoints and experi-
ences. Furthermore, the convenience sampling strategy 
may not accurately depict the overall population of HCP 
managing T1D during pregnancy in India. The sample 
size, although substantial, may not fully represent 
rural healthcare providers where access to advanced 
technologies might be limited.

Results
A total of 543 HCPs participated in the survey, of-

fering valuable insights into the management of T1D 
during pregnancy. The baseline characteristics reveal 
that most of the respondents were diabetologists, fol-
lowed by primary care physicians and gynecologists, 
each with varying levels of experience (Tab. 1). The 
dataset reflects a broad range of specialties involved 
in T1D care, including a significant representation from 
diabetologists, highlighting their expertise in diabetes 
management. Primary care physicians also play a critical 
role, focusing on general health, while gynecologists 
emphasize their involvement in managing T1D during 
pregnancy, specifically addressing pregnancy and child-
birth concerns. Collaborative efforts between primary 
care physician and diabetologists were also evident in 
providing comprehensive care for these patients.

The dataset showcases a wide range of experience 
levels, with practitioners spanning from 0–3 years to 
more than 30 years of practice. This diverse experience 
base ensures a well-rounded perspective on treatment 
approaches, with a slight emphasis on more experi-
enced practitioners, indicating a depth of knowledge 
essential for managing the complexities of T1D in 
pregnancy. Regarding pre-pregnancy care, most of the 
respondents recommended an HbA1c level of < 6.5% 
prior to pregnancy, underscoring the critical need for 
tight glucose control to minimize risks and improve 
pregnancy outcomes.

Table 1. Responses Recorded from the Healthcare Provi-
ders on the Management of T1D with Pregnancy

Questionnaire Percentage (%)

HbA1c (before pregnancy)

< 6.6 50

6.6–7.5 30

7.5–8.5 20

Guideline followed

ADA 34.5

ISPAD 33.9

RSSDI 31.5

Preconception counselling

Yes 80

No 20

Counselling provided by

Endocrinologists, gynecologists,  

and diabetologists

40.1

Self 40.2

Primary care physicians 19.3

Appointment scheduled on

Phone 59.7

Social media 40.2

Follow-up

Weekly 29.8

Fortnight 30

Monthly 40

Diet plan given

Yes 59.9

No 40

Carb counting session 

Yes 70

No 30

Prescribed with

Any form of exercise 25

Healthy eating 24.7

Yoga 25.4

Regular check-ups 24.7

ADA — American Diabetes Association; HbA1c — glycated hemoglobin; 
ISPAD — International Society for Pediatric and Adolescent Diabetes;  
RSSDI — Research Society for the Study of Diabetes in India; T1D — type 1  
diabetes
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In terms of clinical practices, respondents adhered 
to a variety of guidelines, such as RSSDI, ISPAD, and 
ADA, reflecting a standardized approach to managing 
T1D during pregnancy, with an even distribution of 
adherence to these professional standards. A signifi-
cant majority of the respondents provided preconcep-
tion counselling, emphasizing the importance of early 
intervention and careful planning before pregnancy. 
The survey also highlighted that medical professionals 
were the primary providers of this counselling, rein-
forcing their direct involvement in preparing patients 
for pregnancy.

The modes of appointment scheduling varied, 
incorporating both traditional and digital channels, 
reflecting the growing trend of integrating technology 
into healthcare practices. Follow-up frequencies ranged 
from weekly to monthly, indicating tailored approaches 
to monitoring patients based on individual needs. This 
variety also underscores the need for regular monitor-
ing throughout pregnancy to manage T1D effectively.

Education about carb ratios and correction fac-
tors was prevalent, with most practitioners offer-
ing this as part of their patient care, which reflects 
the importance of patient self-management. Fur-
thermore, individualized diet plans were commonly 
provided, underscoring the personalized approach 
to nutritional management for T1D patients during 
pregnancy. A wide range of lifestyle changes, such as 
pregnancy yoga, exercise, healthy eating, and regular 
check-ups, were recommended, demonstrating a ho-
listic approach to supporting the health of pregnant 
individuals with T1D.

In summary, the survey sheds light on the diverse 
practices and preferences of clinicians treating T1D 
during pregnancy, highlighting the importance of 
a multidisciplinary approach that involves endocrinol-
ogy, internal medicine, and gynecology. The findings 
suggest that managing T1D in pregnancy can be done 
in a thorough, individualized manner, with a strong 
focus on education, preconception counselling, and 
personalized treatment plans. Additionally, the use of 
technology in scheduling appointments reflects mod-
ern patient engagement practices, further enhancing 
the quality of care.

Discussion
The dataset provides a complete perspective on 

the medical specializations that are engaged in the 
management of T1D during pregnancy. The prevalence 
of diabetologists in the dataset highlights their crucial 
role in delivering specialist care for T1D, especially 
during the critical period of pregnancy. The inclusion 

of primary care physicians and gynecologists signifies 
a comprehensive approach to healthcare, guarantee-
ing that all facets of the patient’s welfare are attended 
to. The cooperative partnership between primary care 
physicians and diabetologists demonstrates a shift to-
wards interdisciplinary treatment, which is crucial for 
effective management of intricate cases of T1D during 
pregnancy [10, 11]. 

The survey results indicate that a higher proportion 
of females diagnosed with T1D receive treatment from 
diabetologists and primary care physicians, ranking 
second in terms of medical care providers. This study 
survey was conducted by metropolitan primary care 
physicians with extensive knowledge of the most recent 
guidelines due to their strong connections. However, 
it is important to note that the situation may vary in 
rural areas. The study revealed that over 70% of the 
HCPs had less than 20 years of experience, with a higher 
participation rate from younger, technologically adept 
professionals. The data about years of practice indicate 
a wide variety of experience among the practition-
ers, with a substantial number of individuals having 
more than 10 years of experience. This suggests that 
experienced professionals have a considerable impact 
in this field.

More than 50% of HCPs selected an HbA1C tar-
get of less than 6.5% for preconception [12, 13]. This 
indicates that a significant number of participating 
clinicians possess up-to-date knowledge. The dataset 
suggests that patients with T1D can expect to receive 
care from a well-rounded team of healthcare provid-
ers, with a collaborative approach to holistic care. This 
variety in specialties and levels of experience is likely to 
enhance the overall management of T1D during preg-
nancy, making it more comprehensive and effective.

The survey emphasizes the need for preconception 
counselling and demonstrates a proactive approach to 
managing T1D, where taking action early on is crucial 

[14]. The allocation of counselling duties demonstrates 
an equitable strategy, with a virtually equal proportion 
of primary care physicians engaging in self-counselling 
and seeking guidance from their colleagues, highlight-
ing the significance of individualized care.

Appointment scheduling modes exhibit a combi-
nation of conventional and digital approaches, with 
phone calls being the most common, although a sig-
nificant proportion also employ social media. This 
demonstrates the adjustment of healthcare services to 
contemporary communication methods. The diverse 
frequencies of follow-up indicate that the care provided 
is tailored to the individual needs of each patient, with 
check-ins occurring on a weekly to monthly basis.
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Emphasizing the importance of patient education 
is crucial for successful self-management of T1D, par-
ticularly when teaching about carb ratios and correction 
variables. The inclination towards expert nutritional 
guidance is reinforced by the fact that the majority of 
HCPs offer tailored diet plans.

Ultimately, the suggested lifestyle modifications, 
including engaging in pregnancy yoga, maintaining 
a balanced diet, and attending frequent check-ups, 
propose a comprehensive strategy for treating T1D dur-
ing pregnancy. The holistic approach that encompasses 
all facets of a patient’s life, with the goal of achieving 
the best possible health results, is seen in the allocation 
of reactions to different types of exercises and lifestyle 
modifications.

The study has several strengths, including a large 
sample size of 543 HCPs, ensuring broad representa-
tion and reliable findings. The inclusion of diverse 
participants, such as diabetologists, endocrinologists, 
primary care physicians, and gynecologists, provides 
a comprehensive view of T1D management during 
pregnancy. The study also focuses on key aspects of 
care, such as preconception counselling, glucose con-
trol, and patient education, while integrating modern 
practices like digital scheduling. It highlights varying 
adherence to global clinical guidelines, emphasizing the 
need for standardized practices. Additionally, the study 
advocates for a holistic, patient-centered approach, 
incorporating lifestyle modifications.

However, there are some weaknesses. The reliance 
on self-reported data may introduce biases, and the 
sampling method, based on digital distribution, could 
over represent urban healthcare providers, limiting the 
inclusion of rural perspectives. The survey’s digital na-
ture also means it may not fully capture the challenges 
faced in rural areas with limited access to technology. 
Furthermore, the study has certain limitations and does 
not explore into specific challenges that HCPs face, such 
as resource constraints or patient adherence issues. The 
cross-sectional design limits the ability to track trends 
or causal relationships, and there are no direct data on 
patient outcomes.

In conclusion, when managing T1D during preg-
nancy, a multidisciplinary, collaborative approach 
is essential for improving outcomes. Strengthening 
preconception counselling, promoting tight glycemic 
control, and increasing access to technology, especially 
in rural areas, can significantly enhance care. Standard-
izing care practices and continuing patient education 
will help bridge gaps in treatment and ensure more 
consistent, effective management across diverse health-
care settings.
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ABSTRACT
Objective: Diabetes individuals are more likely to 
develop dysglycemia in 72 hours after intensive care 
admission and are associated with mortality. This 
retrospective study aimed to determine the role of 
glycemic variability (GV) in mortality in individuals 
with type 2 diabetes (T2D) with sepsis in the intensive 
care unit (ICU).
Materials and methods: Adult individuals diagnosed 
with sepsis or septic shock and T2D who were admit-
ted to the ICU between January 2022 and June 2024 
were include in the study. The GV parameters of 
mean amplitude of glucose excursion (MAGE) and the 
glucose coefficient of variation (GluCV) were used to 
determined survival at 30 days and length of stay (LoS). 
Acute Physiology and Chronic Health Evaluation-IV 
(APACHE-IV) and the Sequential Organ Failure Assess-
ment (SOFA) score were used for comparison with the 
GV parameters for the survival outcome. 

Results: A total 233 individuals were included for final 
analysis, divided into high GV (39.48%) and low GV 
(60.52%) based on a cut-off MAGE of 65 mg/dL. The 
low-GV group had a significantly lower mortality rate 
(1.4% vs. 97.8%, p = 0.000). The was no significant 
difference in LoS using MAGE (p = 0.14), but the 
difference became significant using GluCV < 25% 
(p = 0.029). Multivariate analysis with linear logistic 
regression showed that APACHE-IV, SOFA, hypoglyce-
mic episode, MAGE, and GluCV were independently 
associated with survival at 30 days. Survival analysis 
showed a significant difference in the estimated sur-
vival time for patients with low MAGE (29.65 vs. 4.24 
days, p = 0.000). 
Conclusions: High glycemic variability was observed 
in 39% of individuals; it was associated with higher 
mortality in diabetic individuals with sepsis and was 
independently associated with high 30-day mortality. 

(Clin Diabetol 2025; 14, 1: 18–25)

Keywords: diabetes mellitus, sepsis, glycemic 
variability, APACHE-IV, SOFA

Introduction
Sepsis is prevalent among critically ill individuals and 

results from a dysregulated immune response to infec-
tions and organ damage. This encompasses exaggerated 
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inflammatory, immunosuppressive, vascular leakage, and 
coagulative processes [1, 2]. Moreover, the incidence of 
sepsis remains high in high-risk individuals, such as those 
with diabetes mellitus (DM), cancer, the elderly, and the 
immunocompromised [1]. The prevalence of sepsis us-
ing the Sepsis-3 criteria is 22.4%, and it contributes to 
11 million deaths annually or 20% of global deaths. 
The mortality remains high at 30–45% with more than 
one-third of individuals dying within 90 days, especially 
in low- and middle-income countries [2–4]. Respiratory, 
intra-abdominal, and urinary infections with gram-neg-
ative bacteria predominate in the etiology of sepsis [4]. 

Glucometabolic disorders are highly prevalent in 
critically ill individuals and adversely affect their prog-
nosis. The activation of stress induces hyperglycemia 
and increases glycemic variability (GV). Although acute 
GV is closely associated with endothelial cell damage 
and leads to endothelial dysfunction [5], Magee et al. 
found that early fluctuation of blood glucose increased 
30-day mortality and all-cause hospital mortality in 
sepsis individuals [6]. Lu et al. also stated that GV 
level during intensive care unit (ICU) hospitalization 
is relevant to septic prognosis [5]. However, there has 
been no standard consensus on a standard definition 
of glycemic variability until now. Available metrics of 
GV, such as coefficient variation (CV), mean amplitude 
of glucose excursion (MAGE), and glycemic lability 
index (GLI), are associated with increased mortality in 
sepsis, and the lower variability has a protective effect 
on sepsis [7, 8]. The exact targets for these parameters 
need to be established.

Individuals with diabetes are more likely to develop 
dysglycemia in 72 hours after intensive care admis-
sion. The event of hypoglycemia may be exaggerated 
in individuals with diabetes and is closely associated 
with worse outcomes and mortality [9, 10]. Moreover, 
the practical implication of MAGE and CV are still lim-
ited in sepsis patients in the ICU setting and need to 
be clarified. Therefore, we conducted a retrospective 
study to determine the role of glycemic variability (GV) 
in mortality in type 2 diabetes (T2D) individuals with 
sepsis in the ICU setting. We hypothesized that higher 
GV adversely affects the outcome in individuals with 
diabetes and sepsis. 

Materials and methods
Subjects

Adult individuals diagnosed with sepsis or septic 
shock and T2D, admitted to the ICU between January 
2022 and June 2024, were screened for eligibility ac-
cording to the following criteria: 1) age 18–80 years; 
2) quick sequential organ failure assessment (qSOFA) 
score ≥ 2 points within 24 h of admission; 3) history 

of diabetes treatment, and 4) minimum routine BG 
monitoring every 8 h in the ICU. The exclusion criteria 
were as follows: 1) discharge or death within 2 days 
of admission; 2) fewer than 3 records of BG per day in 
the ICU; 3) on high-dose corticosteroid therapy (dexa-
methasone > 6 mg daily or equivalent); and 4) concur-
rent major operative procedure, hemorrhagic stroke, 
tumors, pregnancy, blood diseases, and active bleeding.

Study design
This was a retrospective, exploratory study based 

on a review of the medical records of adult intensive 
care individuals at a secondary hospital (Sumber Waras 
Hospital, affiliated with the Faculty of Medicine, Taru-
managara University, Jakarta, Indonesia). This ICU has 7 
critical beds. Individuals admitted to the ICU were treat-
ed based on the national intensive glucose regulation 
protocol, in which insulin is used for glucose control to 
maintain targets of 80–180 mg/dL (4.4–10 mmol/L). The 
initial dose of rapid-acting insulin drip was 0.5–1 U/h. 
The blood glucose (BG) target was 140–180 mg/dL with 
a decrement of 60 mg/dL per hour. If BG < 100 mg/dL, 
the insulin drip is stopped. The insulin dose reduces 
by 50% per hour and increases by 25% per hour if BG 
100–140 mg/dL and > 180 mg/dL, respectively. 

In the event of hypoglycemia, 50 mL of 25% dex-
trose solution (DS) was injected, followed by a 10% 
DS intravenous drip, and the BG was re-tested after 
one hour. 

Data collection
Diabetes was diagnosed according to American 

Diabetes Association (ADA) 2023 [11]. Sepsis is de-
fined as a life-threatening organ dysfunction caused 
by a dysregulated host response to infection. Organ 
dysfunction was defined as an increase in the quick 
Sequential (sepsis-related) Organ Failure Assessment 
(qSOFA) score by ≥ 2 points. Septic shock is a type of 
sepsis characterized by profound circulatory, cellular, 
and metabolic abnormalities associated with a greater 
risk of mortality than sepsis alone [12]. We quantify 
the sepsis-related critical score: APACHE-IV score (with 
online calculator: https://intensivecarenetwork.com/
Calculators/Files/Apache4.html) and SOFA score.

The minimum routine BG level was measured ap-
plied every 8 h, depending on the individual’s condi-
tion. All patients underwent 3 or more measurements 
on recording days. We used 2 parameters to assess 
glucose variation: mean amplitude of glucose excursion 
(MAGE) and glucose coefficient of variation (GluCV). 
Briefly, MAGE is a mean blood glucose value exceed-
ing the standard deviation from the 24-h mean blood 
glucose level, whereas GluCv is the percentage ratio of 

https://intensivecarenetwork.com/Calculators/Files/Apache4.html
https://intensivecarenetwork.com/Calculators/Files/Apache4.html
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the standard deviation (SD) to the mean glucose level. 
According to scientific literature, the value of MAGE 
in patients without DM is nearly 30–40 mg/dL and 
nearly 60–70 mg/dL for cardiovascular events [13, 14]. 
In the studies from Furushima et al. [13] and Asakasa 
et al. [14], they found that MAGE > 65 mg/dL caused 
a significantly higher rate of cardiovascular events and 
mortality in ICU settings. The MAGE cut-off applied in 
this study was 65 mg/dL, based on the studies above. 
For the GluCV, Chao et al. [15] used a cut-off of 30% 
in their study and found that diabetic individuals with 
CV > 30% had worse outcomes which were indepen-
dently associated with mortality. We decided to clas-
sify them into 3 groups: < 25%, 25–50%, and > 50%, 
to minimize the bias and increase the sensitivity [15]. 

Statistical analysis
The primary outcome was 30-day survival and 

length of stay (LoS) in low and high glucose variations 
based on MAGE and GluCV values. The secondary out-
comes were 1) the significance of MAGE and GluCV in 
relation to 30-day mortality, 2) the sensitivity and speci-
ficity of MAGE and GluCV to predict 30-day mortality.

The minimum sample size calculated using G*Power 
software (power 0.80, alpha 0.05) for correlation analy-
sis between the 2 groups was 201 participants.

Differences between the 2 groups were analyzed 
using Student’s t test or the Mann-Whitney U test. The 
chi-squared test or Fisher’s exact test was used for cat-
egorical variables. The correlation between MAGE and 
GluCV was analyzed using Pearson correlation. Kaplan-
Meier analysis was used to test the association between 
30-day mortality and acute GV using the cut-off MAGE 
and gluCV percentage. Variables were considered to 
be included in the multivariate analysis if the univari-
ate p value was < 0.20. A linear regression model was 
constructed to identify independent variables that 
predicted 30-day mortality. The sensitivity and specific-
ity of MAGE and GluCV for predicting mortality were 
analyzed using receiver operating characteristic (ROC) 
curves. Statistical significance was set at a two-sided 
p-value of < 0.05. All data were analyzed using SPSS 
software version 26.0 (SPSS Inc., Chicago, IL, USA).

Ethics statement
The present study protocol was reviewed and ap-

proved by the Institutional Review Board of the Sumber 
Waras Research Ethics Committee (approval No. 23/ 
/RSSW/KoM.EP/EC/V/2024)

Results
A total of 301 consecutive individuals were admit-

ted to the medical ICU due to sepsis and T2D between 

January 2022 and June 2024; of these, 68 were ex-
cluded because lack of BG measurement, concurrent 
major operative procedure, and diagnosis of diabetic 
ketoacidosis/hyperosmolar hyperglycemia syndrome. 
The remaining 233 individuals were eligible for analysis 
and divided into high GV (n = 92, 39.48%) and low 
GV (n = 141, 60.52%) based on MAGE 65 mg/dL as 
a cut-off point. The Supplementary Figure 1 illustrates 
the subject flow in the study.

Table 1 summarizes the demographics, comorbidi-
ties, sepsis-related data, glycemic data, insulin prescrip-
tions, and outcomes. The mean age was 60.49 ± 12.04 
years, and 47.21% of subjects were female. The most 
common underlying comorbidity was cerebrovascular 
disease (50.21%), followed by congestive heart failure 
(36.91%). Septic shock was diagnosed in 34.76% of 
individuals, with a mean SOFA score of 10.43 ± 6.10. 
The mean MAGE and GluCV values were 58.18 ±  
± 20.50 mg/dL and 28.04 ± 18.23%, respectively. The 
low-GV group had fewer comorbidities (1.62 vs. 1.98), 
a lower rate of septic shock (53.27% vs. 22.70%), 
lower APACHE-IV score (48.11 vs. 182.01), lower 
SOFA score (6.19 vs. 16.95), lower rate of mechanical 
ventilation (31.91% vs. 83.69%), and fewer hypogly-
cemic episodes (0.10 vs. 2.69). A full comparison of 
each variable in the 2 groups (low and high MAGE) is 
presented in Table 1.

The low-GV group showed significantly lower 
mortality rate [1.4% vs. 97.8%, p = 0.000, odds ratio 
(OR) = 68.49 (17.27–271.25)] compare to high GV. The 
GluCV < 25% showed a significantly lower mortality 
rate rather than 25–50% and > 50% groupw (0.8% vs. 
83.6% vs. 100%, p = 0.000). There was no significant 
difference in ICU LoS using MAGE (p = 0.14), but it 
became significant using GluCV. A GluCV < 25% show 
significantly shorter LoS in ICU (p = 0.029). MAGE and 
GluCV also showed strong correlation (r = 0.930), 
where 92.1% low GV group had GluCV < 25%. A full 
description and analysis are presented in Table 2 and 
Figure 1.

Multivariate analysis with linear logistic regression 
was performed with variables that had a p-value < 0.20 
(Suppl. Tab. 1). The APACHE-IV score (p = 0.001), 
SOFA score (0.000), number of hypoglycemic episodes 
(p = 0.000), MAGE (p = 0.000), and GluCV (p = 0.001) 
were significant independently associated with 30-day 
survival. 

The mean estimated survival time of the low-MAGE 
group using Kaplan-Meier survival analysis in the 30-day 
observation was longer than in the high-MAGE group 
(29.65 vs. 4.24 days, respectively, p = 0.000). When 
using GluCV as a classifier, GluCV < 25% showed the 
longest survival time (29.79 vs. 8.37 vs. 3.16 days, 
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p = 0.000) compared to GluCV 25–50% and > 50% 
(Fig. 2). MAGE and GluCV showed excellent sensitivity 
and specificity for predicting 30-day survival for sepsis 
individuals with T2D. The area under the curve (AUC) 
in the ROC analysis was 0.998 and 0.992 for MAGE 
and GluCV, respectively. The Supplementary Figure 2 
shows the ROC curve.

Discussion
This study explored the association between GV 

and short-term mortality in T2D individuals with sepsis 
in an ICU setting. Based on the investigation of 233 

medical records and 2559 glucose measurements, GV 
was prevalent in sepsis and T2D individuals. We found 
that 39% of individuals had high GV, reflected by 
MAGE > 65 mg/dL and GluCV > 25%. High MAGE and 
GluCV > 25% were independent variables for mortal-
ity in 30-day observation. The low-GV group also had 
a lower rate of critical related parameters, including 
the APACHE-IV and SOFA scores. 

Glycemic variability, defined as the fluctuation of 
blood glucose levels that occurs throughout the day, 
includes hypoglycemic episodes and postprandial hy-
perglycemia [16]. Variability in blood glucose levels is 

Table 1. Baseline Characteristics

Low glucose variability  

(MAGE ≤ 65 mg/dL) (n = 141)

High glucose variability  

(MAGE > 65 mg/dL) (n = 92)

P-value

Age [years] 59.5 ± 12.0 61.9 ± 11.9 0.151

Female (%) 66 (46.8) 44 (47.8) 0.980

Comorbidities

Cerebrovascular disease (%) 64 (45.4) 53 (57.6) 0.004*

Congestive heart failure (%) 34 (24.1) 52 (56.5) 0.003*

Kidney disease (%) 32 (22.7) 38 (41.3) 0.108

Myocardial infarct (%) 18 (12.8) 36 (39.1) 0.002*

Lung disease (%) 20 (14.2) 16 (17.4) 0.251

Hematological disease (%) 22 (15.6) 11 (12.0) 0.002*

Liver disease (%) 1 (0.7) 3 (3.3) 0.374

Malnutrition (%) 0 (0) 4 (4.33) 0.119

Individual comorbidity number (n) 1.6 ± 1.0 2.0 ± 1.0 0.009

Sepsis-related data

Sepsis (%) 109 (77.3) 43 (46.7)  < 0.001*

 < 0.001*Septic Shock (%) 32 (22.7) 49 (53.3)

APACHE-IV Score 48.1 ± 31.6 182.0 ± 43.9  < 0.001**

SOFA Score 6.2 ± 2.7 17.0 ± 3.6  < 0.001**

Mechanical ventilation (%) 45 (31.9) 77 (83.7)  < 0.001*

Glycemic parameter

Mean glucose at day-1 [mg/dL] 172.9 ± 12.5 147.5 ± 67.0  < 0.001**

Mean glucose during observation 

[mg/dL]

170.4 ± 9.3 154.0 ± 58.9  < 0.001**

MAGE [mg/dL] 24.1 ± 11.3 110.0 ± 35.4  < 0.001**

GluCV category 

Mean percentage (%) 14.4 ± 6.6 48.7 ± 7.4  < 0.001**

< 25% (n) 128 (90.8) 2 (2.2)

25–50% (n) 13 (9.2) 40 (43.5)

> 50% (n) 0 (0) 30 (32.6)

Total hypoglycemic episodes (n) 0.1 ± 0.4 2.7 ± 0.9  < 0.001**

Outcome

ICU LoS (days) 3.5 ± 2.0 3.9 ± 2.3 0.140

Mortality at D-30 (%) 3 (2.1) 90 (97.8)  < 0.001**

*p-value < 0.05 comparison using chi-square test; **p-value < 0.05 comparison using independent t-test

APACHE-IV — Acute Physiology and Chronic Health Evaluation-IV; GluCV — glucose coefficient of variation; ICU — intensive care unit; LoS — length of stay; 
MAGE — mean amplitude glucose excursion; SOFA — Sequential Organ Failure Assessment
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independently associated with short-term mortality in 
individuals with sepsis. One strength of our study is 
that all enrolled individuals received intensive glucose 
monitoring (at least 3 times/day), which enabled us to 
investigate the prevalence of high GV and its associa-

tion with 30-day mortality. In line with our findings, 
a retrospective study from Silveira et al. from 6730 
glycemia measurements in the ICU showed a higher 
standard deviation of mean glycemia and MAGE as-
sociated with mortality in the ICU [17]. A study from 

Table 2. Association between MAGE and GluCV with Survival and ICU LoS

Mortality [n (%)] ICU LoS (days)

MAGE

Low (≤ 65 mg/dL) 2 (1.4%) p = 0.000*, OR = 68.5 

(17.3-271.3)

3.5 ± 2.0
p = 0.140

High (> 65 mg/dL) 91 (97.8%) 3.9 ± 2.3

GluCV

< 25% 1 (0.8%)

p = 0.000*

3.5 ± 0.3

p = 0.029**25–50% 61 (83.6%) 3.2 ± 0.1

> 50% 31 (100%) 4.2 ± 0.1

*p-value < 0.05 comparison using chi-square test; ** p-value < 0.05 comparison using independent t-test
GluCV — glucose coefficient of variation; ICU — intensive care unit; LoS — length of stay; MAGE — mean amplitude glucose excursion

Figure 1. Chi-square analysis showing significantly lower rate of mortality in low GV using (A) MAGE and (B) GluCV. (C) Pear-
son correlation test showing strong and significant correlation between MAGE and GluCV score 
GluCV — glucose coefficient of variation; MAGE — mean amplitude glucose excursion

A B

C
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Liu et al. found that T2D sepsis individuals with moder-
ate maintenance blood glucose for 72 hours achieved 
better outcomes, including 90-day mortality [7]. In 
addition, a prospective study by Furushima et al. from 
48 critically ill individuals with sepsis also found that 
higher MAGE (> 65 mg/dL) was independently inversely 
correlated with 90-day survival in the ICU [8]. 

There are several mechanism adverse effects of 
GV in sepsis individuals, including excessive protein 
glycation end products (AGE) and activation of oxida-
tive stress, which cause endothelial dysfunction. GV 
induces overproduction of superoxide by the mito-
chondrial electron-transfer chain and causes a cascade 
of deleterious effect such as enhanced polyol activity, 
activation protein kinase C (PKC), nuclear factor-kß, and 
hexosamine pathway flux. Through these pathways, the 
increase of intracellular reactive oxygen species (ROS) 
causes vascular endothelial dysfunction by decreasing 
the of activity nitrite oxide synthase and activation of 
adhesion molecules [18, 19]. An observational study 
from Rodrigues et al. with 90 T1D individuals in the 
ICU showed that glycemic fluctuation correlated with 
oxidative stress and erythrocyte membrane stability 
parameters by interference with lipid peroxidation and 
cell membrane behavior [20].

We found a significant association between GV 
and increased incidence of hypoglycemia. Hypoglyce-
mia induces the release of inflammatory cytokines and 
increases platelet and neutrophil activation and adrena-
line secretion, which contribute to arrhythmia events 
and cardiovascular risk [21, 22]. In line with our study, 
we found that the high-GV group had more episodes 
of hypoglycemia, especially on the first day of admis-

Figure 2. Kaplan-Meier survival analysis showing mean estimate survival time in low MAGE was 29.65 (29.16–30.13) days, and 
in high MAGE it was 4.24 (3.42–5.06) days. (A) The difference was 19.45 (17.78–21.12) days, SE = 0.85, p = 0.000. The mean 
estimate survival time in GluCV < 25% was 29.79 (29.39–30.20) days, GluCV 25–50% was 8.37 (6.13–10.61) days, and GluCV 
> 50% was 3.16 (2.42–3.91) days. (B) The difference was 19.45 (17.78–21.12), SE 0.85, p = 0.000
GluCV — glucose coefficient of variation; MAGE — mean amplitude glucose excursion; SE — standard error

BA

sion, and hypoglycemia itself became an independent 
variable for mortality. 

Our findings found that GluCV < 25% had bet-
ter outcome for 30-day survival compared to GluCV 
25–50% and > 50%. A study by Lanspa on 6106 critical 
ill individuals showed that GluCV was associated with 
mortality for the entire cohort, with OR1.25 for every 
10% increase (p < 0.001) [23]. In the present study, 
GluCV > 25% had very strong association with mortal-
ity and excellent sensitivity to predict 30-day survival 
[0.992 (0.983–1.000), p = 0.000]. A recent study also 
showed that lower GV was associated with lower mi-
crovascular complications and decreased occurrence 
of hypoglycemia [16, 24]. Unlike glycated hemoglobin 
(HbA1c), GV can estimated hypoglycemic episode up to 
40–50% in the future, and it is an independent predic-
tor of hypoglycemia [25]. 

Our multivariate analysis showed that high MAGE 
and GluCV > 25% were significantly associated with 
short-term mortality, the same as with validated criti-
cally ill parameters, such as APACHE-IV and SOFA. The 
GluCV < 25% group also had shorter duration of ICU 
LoS significantly. This is in line with a retrospective study 
by Guo et al. on a total 6777 individuals, in which they 
found that the hazard ratio (HR) of CV > 25% was 1.37 
(1.21–1.56), p < 0.001, after adjustment for SOFA score 
and multiple comorbidities [26]. A meta-analysis from 
Brett et al. from 41 studies (162,259 individuals) also 
showed a consistent association between increased 
measure of glycemic variability and higher short-term 
mortality in individuals with critical illness [24]. A study 
from Asakasa et al. suggested that large glycemic ex-
cursion parameter (MAGE, CV) was closely linked with 
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vascular endothelial dysfunction and deterioration of 
vascular endothelium. They found that MAGE was as-
sociated with higher risk of cardiovascular events and 
was a risk factor for coronary stenosis [14].

In consideration of easier measurement and modal-
ity, GV itself could become a good prognostic marker 
to predict the mortality and length of hospital stay in 
T2D individuals with sepsis. Furthermore, monitoring 
GV fluctuations could provide early clues for antici-
pating potential deterioration and aiding therapeutic 
adjustment [27]. 

There are several limitations to this study. First, it 
was a retrospective study in a single-center, which lim-
ited the robustness. Second, we excluded 30 subjects 
who died after < 24 h in the ICU, and this group may 
have greater fluctuations in BG levels. Third, despite 
highlighting the role of GV in T2D individuals with 
sepsis, the study only used periodic blood glucose 
monitoring (every 8 hours), not continuous glucose 
monitoring (CGM), which could offer more precise data 
on glucose fluctuations. Fourth, the generalizability of 
the findings should be applied with caution because of 
the high frequency of comorbidities that may influence 
BG fluctuations. Finally, we did not consider a variety 
of treatments that may influence BG.

Despite these limitations, the present study high-
lights the critical role of intensive GV monitoring in 
diabetic individuals with sepsis, which is feasible and 
can be incorporated into standard ICU procedures. 
CGM technology provides enhanced capabilities for 
closely tracking and identifying rapid fluctuations in 
BG levels. The reported CGM measurements signifi-
cantly correlated with oxidative stress and endothelial 
dysfunction markers (urinary 8-iso-prostaglandin F2a, 
Gensini score, reactive hyperemia index) [14]. CGM has 
been associated with better control of short-term fluc-
tuations in BG levels, reduced HbA1c values, reduced 
risk of severe hyperglycemia, and improved glycemic 
control [27]. Further studies are needed to investigate 
the optimal control strategy for individuals with high 
BG fluctuation with CGM. 

Conclusions
High glycemic variability was observed in 39% of 

individuals; it was associated with higher mortality in 
diabetic individuals with sepsis, and was independently 
associated with high 30-day mortality. These findings 
emphasize the critical importance of early monitoring 
and detection of blood glucose fluctuations, espe-
cially to prevent large excursions and hypoglycemia 
episodes. Additional studies are required to explore 
the mechanism underlying GV and to optimize glu-
cose control.
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Fasting Serum Irisin is Low in Gestational 
Diabetes but Significantly Correlates with 
Glucose Level after Oral Challenge  
with Glucose

ABSTRACT
Objective: To ascertain the role of serum irisin in preg-
nant women with gestational diabetes mellitus (GDM) 
and to compare it with a control group. 
Materials and methods: Pregnant women, irrespec-
tive of their gestational age, were recruited accord-
ing to World Health Organization (WHO) 2013 criteria 
[GDM; n = 50, age: 28 (25.0, 32.0) years; body mass 
index (BMI): 27.01 kg/m2, median and normal glucose 
tolerance (NGT); n = 50, age: 27.0 (22.0, 29.0) years, 
median] and were studied for fasting irisin along with 
insulin indices. Glucose was measured by glucose 
oxidase method, irisin by sandwich enzyme-linked 
immunosorbent assay (ELISA), and insulin by chemilu-
minescent immunoassay, whereas insulin indices were 
calculated using the homeostatic model assessment 
(HOMA) model.
Results: Serum irisin levels (pg/mL) were lower in GDM 
than NGT [7.14 (1.13, 15.93) vs. 8.61 (2.88, 34.33), 

p = 0.055]. Comparison of irisin levels between GDM 
and NGT mothers showed no significant differences 
(p = 0.132, p = 0.243, p = 0.194, respectively, for the 
first, second, and third trimesters). The fasting glucose-
insulin ratio (FGIR) was statistically similar between 
the study groups. Irisin significantly and positively 
correlated with both one- [r = 0.399, p = 0.004] and 
2-hour oral glucose tolerance test (OGTT) [r = 0.474, 
p = 0.001] in GDM mothers whereas it was signifi-
cantly and inversely correlated with BMI [r = –0.281, 
p = 0.048] in NGT mothers. Irisin found to be an in-
dependent predictor of GDM by multivariate logistic 
regression (OR = 1.05; p = 0.012).
Conclusions: This study demonstrated that serum irisin 
is lower in GDM than NGT, but it is not statistically 
different. However, it is an independent predictor of 
GDM. (Clin Diabetol 2025; 14, 1: 26–31)

Keywords: irisin, insulin indices, GDM, HOMA-IR

Introduction
Hyperglycemia in pregnancy is a major public 

health problem, and its prevalence is increasing globally 
[1]. The offspring of mothers with gestational diabetes 
mellitus (GDM) are not only at risk of perinatal compli-
cations but also have a substantial risk of developing 
metabolic complications like obesity, type 2 diabetes 
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(T2D), hypertension, and cardiovascular diseases in 
the future [2]. Women with a history of GDM appear 
to have a nearly 10-fold higher risk of developing 
T2D than those with a normoglycemic pregnancy [3]. 
However, the pathogenesis of GDM is yet to be fully 
understood. Based on this, the isolation of irisin, an 
exercise-inducible secreted novel myokine, was found 
in the year 2012, which improves glucose tolerance and 
increases energy expenditure in mice [4]. 

Irisin has been identified as an exercise-mediated, 
hormone-like polypeptide that is presumably se-
creted after cleavage of the extracellular portion of 
the fibronectin type III domain containing 5 (FDNC5) 
in response to activation of peroxisome proliferator-
activated receptor-γ coactivator 1α (PGC-1α) [4]. Irisin 
increases peripheral glucose uptake and decreases he-
patic gluconeogenesis, respectively; consequently, the 
net effect is an increase in insulin sensitivity [4]. Limited 
studies have been performed to assess irisin in GDM, 
with contradictory results. One study found serum irisin 
levels to be higher in pregnancy [5] whereas 3 studies 
[6–8] found lower concentrations. Irisin, shows prom-
ise as a biomarker in GDM due to its role in glucose 
metabolism and insulin sensitivity. Monitoring irisin 
levels early in pregnancy could help predict GDM risk, 
allowing for early intervention. While more studies are 
needed, irisin shows potential as a complementary 
marker to traditional GDM screening methods.

Homeostasis model assessment of insulin resist-
ance (HOMA-IR) is a mathematical model used to es-
timate insulin resistance by analyzing fasting plasma 
glucose and insulin levels, providing insights into 
glucose homeostasis. One study also found a positive 
association between circulating irisin and insulin [9]. In 
contrast, other studies reported that serum irisin level 
was negatively correlated with HOMA-IR [7, 8].

The present study aimed to assess circulating irisin 
levels in pregnant women with GDM to assess if they 
significantly vary from normal glucose tolerance (NGT) 
in Bangladeshi women, which has not been evaluated 
earlier, and explore its potential role as a biomarker for 
predicting GDM. The relationship of irisin with HOMA 
indices (HOMA-IR, HOMA-B, HOMA-%S) both in GDM 
and NGT was also observed. 

Materials and methods

Study design and study participants
This cross-sectional study was conducted in the 

GDM Clinic of the Department of Endocrinology, 
BSMMU from July 2020 to October 2021. After ob-
taining approval from the Institutional Review Board 
(IRB), 100 pregnant women, irrespective of gestational 

age, with singleton pregnancy, were consecutively 
recruited as GDM (n = 50) or NGT (n = 50) after 
3-sample 75-gm OGTT according to World Health 
Organization (WHO) 2013 criteria [10]. An overnight 
fasting venous blood sample was obtained from all 
participants to assess irisin and insulin levels on the 
day of OGTT screening. Overt diabetes or diabetes 
in pregnancy (DIP) were excluded from the study. 
With informed written consent, socio-demographic 
information and anthropometric measurements were 
noted in data record forms. 

Ethical approval
Before starting the research work the Institutional 

review board (IRB) of BSMMU approved the study 
protocol (No. BSMMU/2021/514; date: 19.01.2021).

Data collection and analytic methods
Fasting serum was stored at -70ºC until irisin assay. 

Quantitative determination of irisin in serum was done 
by 2-site sandwich enzyme-linked immunosorbent as-
say (ELISA) technique using the Elabscience® Human 
Irisin ELISA Kit (E-EL-H6 120) assay. Reference ranges for 
irisin were 0.0–1000 pg/mL. Intra-assay precision was 
CV < 10% for irisin, with the expected mean value in 
healthy subjects being 125 pg/mL. Plasma glucose was 
measured by the hexokinase method using the Dimen-
sion EXL 200 Integrated Chemistry System (Siemens, 
Germany) in the Biochemistry laboratory, BSMMU on 
the day of sample collection. Insulin was assayed using 
chemiluminescent immunoassay, and insulin indices 
(HOMA-IR and HOMA-B) were calculated using the 
HOMA model.

Statistical methods
Data were analyzed using SPSS version 26. Quanti-

tative data with normal distribution were expressed as 
mean (± SD), and with skewed distribution as median 
and interquartile range [interquartile range (IQR); 25th–
75th percentile], whereas qualitative data were shown 
as frequencies or percentages. Comparison between 
the 2 groups was done by Student’s unpaired t-test, 
the Mann-Whitney U test, and the chi-square test, as 
applicable. For more than 2 groups, the Kruskal-Wallis 
H test was applied for quantitative data with skewed 
distribution. Correlations were determined by Spear-
man’s correlation test. Regression analysis was done to 
adjust the effects of the covariates. A p-value < 0.05 
was considered statistically significant.

Results
This study aimed to see irisin levels and their asso-

ciation with insulin indices in GDM (n = 50) and NGT 
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(n = 50), and to compare these between the 2 groups. 
It also explored the context of demographic and clinical 
variables with irisin in GDM and NGT.

Table 1 demonstrates the demographic character-
istics and clinical variables of the study subjects. Both 
the study groups were statistically similar in BMI, BP, 
occupation, and family history of DM (p = NS) except 
age. Mothers with GDM were significantly older than 
the NGT mothers (GDM vs. control; age: 28.0 (25.0, 
32.0) vs. 27.0 (22.0, 29.0) years, p = 0.014). However, 
a previous history of GDM was significantly more fre-
quent among mothers with NGT than in GDM (12% 
vs. 0.0%, p = 0.027), and gestational age was higher 
in NGT than in GDM (p < 0.001).

Figure 1 depicts low serum irisin levels (pg/mL) in 
GDM mothers, but statistically similar with mothers 
with NGT [7.14 (1.13, 15.93) vs. 8.61 (2.88, 34.33), 
p = NS].

The fasting insulin and fasting glucose-insulin ra-
tio (FGIR) were statistically similar between the study 
groups [NS for both] (Tab. 2). Irisin significantly and 
positively correlated with both one-hour (r = 0.399, 
p = 0.004) and 2-hour OGTT glucose (r = 0.474, 
p = 0.001) in GDM mothers; whereas, it was signifi-
cantly but negatively correlated with BMI (r = –0.281, 
p = 0.048) in NGT mothers (Tab. 2).

Multivariate logistic regression analysis was done 
to find independent predictors of GDM; age, gestation-
al age, and irisin had significant predictive associations 
with development of GDM (Tab. 3).

Receiver operator (ROC) curves were used to as-
sess the sensitivity and specificity of serum irisin in 
determining GDM patients. The area under the curve 
(AUC) value was 0.611 (95% CI 0.501–0.722) and was 
not statistically significant. 

Discussion
The present study aimed to assess circulating irisin 

levels in pregnant women with GDM and to ascertain 

Table 1. Characteristics of the Study Population

Variables GDM (n = 50) NGT (n = 50) P-value

Age [years] 28.00 (25.00–32.00) 26 (22.00–29.00) 0.014

BMI at diagnosis [kg/m2] 26.74 (24.30–28.48) 26.56 (23.82–29.31) 0.807

Gestational [age, weeks] 21 (12–28) 27 (24–32) < 0.001

SBP [mmHg] 110 (100–115) 110 (100.00–117.50) 0.881

DBP [mmHg] 70 (70–80) 70 (65.00–72.50) 0.745

Occupation

Service 13 (25.5) 9 (17.0) 0.341

Housewife 38 (74.5) 44 (83.0)

Family H/O DM, n (%)  

Yes 24 (47.1) 21 (39.6) 0.553

No 27 (51) 32 (60.4)

H/O GDM, n (%)

Yes 6 (11.8) 0 (0) 0.012

No 45 (88.2) 53 (100)

Within parenthesis are interquartile range and percentages over column total; quantitative data comparison between groups was done by Student’s t-test 
and the Mann-Whitney U test, as appropriate; for qualitative data, comparison between groups done by chi-square test
BMI — body mass index; DBP — diastolic blood pressure; DM — diabetes mellitus; GDM — gestational diabetes mellitus; NGT — normal glucose tolerance; 
SBP — systolic blood pressure

Figure 1. Serum Irisin Level in the Study Groups (N = 100)
Serum irisin levels (pg/mL) were statistically similar in GDM 
and in NGT [7.14 (1.13, 15.93) vs. 8.61 (2.88, 34.33), 
p = 0.055]; GDM — gestational diabetes mellitus; NGT — 
normal glucose tolerance
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whether there were any differences in irisin levels be-
tween GDM and NGT. Early diagnosis and effective 
treatment of gestational diabetes are beneficial in 
minimizing bad maternal and fetal outcomes, as well 
as in protecting mothers and infants from long-term re-
percussions of the condition. Because of the significant 
effects of irisin on the metabolism, numerous studies 
have been undertaken to ascertain the relationship 
between irisin and pregnancy, anticipating use of irisin 
levels as a novel marker to predict GDM.

In this study, the mean age of the GDM mothers 
was 28 years (range: 25–32 years), and it was signifi-
cantly higher than that of the NGT mothers. Hence, it 
is evident that pregnant mothers with an age greater 
than 25 years are at risk for GDM, which is also a con-
cern in terms of irisin levels.

The results of the current investigation revealed 
that serum irisin levels were considerably lower in pa-
tients with GDM than in healthy pregnant women in 
the control group, but this was not statistically signifi-
cant. Similarly to our study, Zahra et al. [7], Ebert et 
al. [9], and Yuksel et al. [11] also found that there was 
no significant difference between serum irisin levels 
in healthy and GDM mothers. However, in their study, 
a direct relationship between serum irisin and fasting 
insulin levels was observed, but we did not find any 
correlation between them.

Low blood levels of irisin are closely related to BMI 
and fat mass although its effect on energy metabolism 
is debatable. Stengel et al. [12] reported positive cor-
relation between circulating irisin levels and BMI in 
people without diabetes. In our study, irisin did not 
correlate with BMI in GDM, which was consistent with 
the findings of some studies [7, 13] but contradictory to 
reports from other studies that demonstrated a positive 
correlation [14]. In contrast, irisin showed a negative 
correlation with BMI in NGT mothers. A study reported 
that circulating irisin correlated negatively with BMI 
and body weight in non-diabetic, non-pregnant adults 
[15]. One explanation for this discrepancy could be that 
gestational rather than pre-gestational BMI was meas-
ured. BMI is a measure of generalized obesity and not 
a true measure of adiposity because it does not take 
into account abdominal obesity. 

The outcome of other investigations on irisin and 
glucose homeostasis in pregnancy have been met 
with much disagreement. Piya et al. [14] confirmed 
that in pregnant women serum irisin was positively 

Table 2. Correlation between Irisin Levels and Anthropometric and Biochemical Parameters in Patients with GDM and NGT

Determinants of ‘r’ GDM NGT

r p r p

Age [years] 0.241 0.092 –0.029 0.842

BMI [kg/m2] –0.196 0.172 –0.281 0.048

SBP [mmHg] 0.254 0.075 –0.056 0.700

DBP [mmHg] 0.274 0.055 –0.091 0.530

Fasting plasma glucose [mmol/L] 0.062 0.669 0.024 0.867

1-h OGTT glucose [mmol/L] 0.399 0.004 –0.049 0.735

2-h OGTT glucose [mmol/L] 0.474 0.001 –0.119 0.411

Fasting insulin [µIU/mL] 0.108 0.457 0.163 0.257

HOMA-IR 0.169 0.242 0.174 0.228

HOMA1-%B 0.016 0.910 0.130 0.368

Spearman’s correlation test was performed; data were expressed as median followed by interquartile range in parentheses; p-values were calculated by the 
Mann-Whitney U test model assessment of insulin sensitivity
BMI — body mass index; GDM — gestational diabetes mellitus; HOMA-B — homeostasis model assessment of β-cell function; HOMA-IR — homeostasis 
model assessment of insulin resistance; NGT — normal glucose tolerance.

Table 3. Multivariate Logistic Regression for Independent 
Predictors of GDM 

Independent variables GDM

p-value OR (95% CI)

Age [years] 0.012 0.84 (0.73–0.96)

BMI [kg/m2] 0.084 1.14 (0.98–1.33)

Gravida 0.274 1.92 (0.60–6.23)

Gestational [age, weeks] 0.001 1.14 (1.05–1.23)

Family history of diabetes 0.501 0.71 (0.26–1.93)

Irisin [pg/mL] 0.012 1.05 (1.01–1.08)

Fasting insulin [µIU/mL] 0.202 0.92 (0.79–1.05)

BMI — body mass index; CI — confidence interval; GDM — gestational 
diabetes mellitus; OR — odds ratio
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correlated with fasting blood glucose, insulin, and 
HOMA-IR. Contrary to this, irisin levels are negatively 
associated with HOMA-IR in some studies [16]. These 
seemingly contradictory results may be explained by 
differences in gestational age at the time of sample, 
parity, variations in physical activity, and even diet 
(rich in vegetable protein and saturated fatty acid) 
[17, 18].

Additionally, we observed that serum irisin corre-
lated significantly and positively with both one-hour 
and 2-hour glucose levels in GDM mothers, which is not 
consistent with the result found by other researchers 
[13, 19]. Choi et al. [13] also found that 2-h plasma 
glucose was an independent negative predictor of irisin 
concentration in patients with newly diagnosed T2D. 
However, in our study multivariate logistic regression 
analysis revealed that along with age and gestational 
age, irisin could independently predict the develop-
ment of GDM. All these discrepancies may result from 
differences in the clinical characteristics of the study 
subject and various diagnostic criteria. 

Receiver operator (ROC) curves were used to 
assess the sensitivity and specificity of serum irisin 
in determining GDM patients. ROC curve analysis 
showed that irisin is not a useful predictor of GDM in 
our population. However, ROC-AUC analysis in other 
studies showed that serum irisin had sensitivity of 
90.0% and specificity of 84.0% in determining GDM 
women, which also showed that the AUC was 0.93 
(95% CI 0.883–0.977).

The major limitation of this study is its cross-sec-
tional nature limited to a small sample. Irisin was not 
measured in all 3 trimesters of pregnancy in the same 
sample, and pre-pregnancy BMI was not included. If 
we could incorporate pre-pregnancy BMI and reflect 
on how irisin levels change throughout different tri-
mesters of pregnancy, it would provide us with a more 
robust description of the relationship between irisin 
and GDM. Perhaps, more precise findings can be de-
picted from a multi-centered, large-scale, prospective 
cohort study on pregnant women from the early stage 
of pregnancy. 

Conclusions
The current investigation revealed that serum irisin 

levels were considerably lower in patients with GDM 
than in healthy pregnant women, but this was not 
statistically significant. Serum irisin correlated signifi-
cantly and positively with both one-hour and 2-hour 
glucose levels in GDM mothers, which is a potential 
area of future research. A longitudinal design would 
provide more comprehensive insights into the temporal 
dynamics of irisin in GDM. 
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ABSTRACT
Objective:  Coronary artery disease (CAD) and its 
complications significantly affect the post-transplant 
prognosis in pancreas recipients. This study aimed 
to evaluate the associations between CAD and its 
major risk factors (RFs) and to identify the strongest 
modifiable predictor of CAD in potential pancreas 
recipients with type 1 diabetes (T1D). 
Materials and methods: This is a prospective, cross-
sectional study. Patients with T1D qualified for simul-
taneous pancreas-kidney transplantation or pancreas 
transplantation alone were enrolled. The diagnosis 
of CAD was based on invasive coronary angiography. 
The major cardiovascular RFs included in the analyses 

were hypertension, lipid profile, obesity, and smoking.
Results: The study population included 113 patients 
with a median age of 40 (35–46) years. The median du-
ration of T1D was 26 years (23–32), and 61.9% of partic-
ipants (n = 70) were on hemodialysis. CAD was found 
in 31 (27.4%) participants. Multivariate logistic regres-
sion analysis demonstrated that age (OR 1.159; 95% CI: 
1.062–1.265, p = 0.001), the concentration of triglycer-
ides (TG) (OR 4.534; 95% CI: 1.803–11.403, p = 0.001), 
and hemodialysis (OR 4.027; 95% CI: 1.13–14.358,  
p = 0.032) were independently associated with the 
prevalence of CAD in this cohort. Finally, the concen-
tration of TG was the only modifiable RF that was 
independently associated with the prevalence of CAD.
Conclusions: Fasting TG levels were positively as-
sociated with the prevalence of CAD in potential 
pancreas recipients with T1D. The concentration of 
TG has the potential to serve as a modifiable RF or 
at least as an important biomarker in this group and 
should be included in the cardiological pre-trans-
plant assessment. (Clin Diabetol 2025; 14, 1: 32–39)
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Introduction
Pancreas transplantation is a well-established treat-

ment method for selected patients with type 1 diabetes 
(T1D) [1]. The most common transplant methods are 
simultaneous pancreas-kidney transplantation (SPKT) 
and pancreas transplantation alone (PTA). Patients 
with severe diabetic nephropathy are qualified for 
SPKT, while patients with preserved kidney function 
are qualified for PTA. Both treatment options improve 
patients’ prognoses, eliminate the need for exogenous 
insulin administration, and improve diabetes-related 
complications [2, 3].

Advances in surgical techniques and immunosup-
pressive protocols have contributed to excellent pa-
tient survival; however, cardio-cerebrovascular events 
remain one of the main reasons for death in the first 
year after transplantation [4]. Therefore, a precise 
cardiac evaluation of pancreas recipients is crucial to 
reduce peri-transplant complications. Considering the 
relatively long waiting time for the organ, the preop-
erative assessment should include both the patient’s 
current cardiological status and the risk of developing 
coronary artery disease (CAD) in the next few years. 
The accelerated progression of atherosclerosis in T1D 
patients is mainly due to hyperglycemia and glycemic 
variability, but other cardiovascular risk factors (RFs) are 
also of great importance [5–7]. Hence, it is necessary to 
identify the factors that play the most significant role. 
This knowledge could be used to modify cardiovascular 
risk, thereby slowing the progression of atherosclerosis 
and decreasing perioperative risk.

Therefore, this study aimed to evaluate the preva-
lence of major cardiovascular RFs and to identify the 
most significant modifiable predictor of CAD in poten-
tial pancreas recipients with T1D.

Materials and methods
Study design and subjects

This prospective cross-sectional study population 
included pancreas transplant candidates with T1D who 
were referred for cardiological pre-transplant assess-
ment and included both patients eligible for SPKT and 
PTA. Patients were prospectively enrolled from August 
2018 to November 2023. The exclusion criteria for 
study participants were type 2 diabetes, severe valvular 
heart disease, heart failure, history of coronary heart 
disease or stroke, and changes in lipid-lowering and/
or antihypertensive therapy within 3 months before 
the study entry. 

Data collection
The following demographic and medical data were 

collected: age, sex, type of planned transplantation 

procedure, age at onset and duration of T1D, renal 
replacement therapy, and major risk factors for CAD 
(hypertension, smoking habit, dyslipidemia, obesity). 
Hypertension was defined as systolic blood pressure 
(SBP) >140 mmHg or diastolic blood pressure (DBP) > 
90 mmHg and/or if a patient was on antihypertensive 
therapy before admission. Dyslipidemia was defined 
when TC > 4.9 mmol/L and/or TG > 1.7 mmol/L or if 
a patient was on lipid-lowering therapy [8]. Smoking 
was defined as active smoking in the last 5 years. All 
patients were rated for hypotensive and lipid-lowering 
therapy.

Height (m) and weight (kg) were measured with 
light clothes and without shoes. People on dialysis were 
weighed on a non-dialysis day. BMI was calculated as 
weight divided by height squared. Obesity was defined 
as a BMI ≥ 30 kg/m2.

SBP and DBP were measured on 3 consecutive days 
between 8 and 9 a.m. using an automatic oscillometric 
blood pressure monitor. Measurements were taken in 
a seated position after 10 min of rest, and each meas-
urement was repeated 3 times. The mean value of SBP 
and DBP was calculated as an average of 3 measure-
ments over 3 days.

A commercially available analyzer (Beckman 
Coulter Inc., Brea, CA, USA) was used to measure 
the concentrations of HbA1C, serum creatinine, total 
cholesterol (TC), high-density lipoprotein (HDL), and 
triglycerides (TG) from fasting blood samples. The 
concentration of low-density lipoprotein-cholesterol 
(LDL-C) was calculated using the Friedewald formula: 
LDL-C = TC – HDL-C – TG/2.2 (mmol/L) [9]. Non-high-
density lipoprotein-cholesterol (n-HDL-C) was calculated 
as n-HDL-C = TC – HDL-C.

The diagnosis of CAD was based on noninvasive 
and invasive tests. Patients with severe chronic kidney 
disease (eGFR < 30 mL/min/1.73 m2) and long T1D 
duration (≥ 20 years) were directly subjected to inva-
sive coronary angiography. The other patients were 
referred for noninvasive tests, including an exercise 
stress test on a treadmill or a pharmacological stress 
test using dipyridamole 99 mTc-sestamibi single-
photon emission computed tomography (SPECT) for 
patients with physical limitations. Patients with posi-
tive or inconclusive results of noninvasive tests were 
uniformly subjected to invasive coronary angiography. 
Invasive coronary angiography was performed with 
a Philips Allura Xper DF20 X-ray system using stand-
ard diagnostic catheters. Vascular access through the 
radial artery was used. CAD was defined as obstruc-
tive coronary disease based on the detection of at 
least one stenosis > 50% in at least one of the major 
coronary arteries.
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Statistical analysis
Continuous data were presented as median with 

interquartile range (IQR) and categorical variables as 
numbers and percentages of distribution. The normality 
of the data distribution was tested using the Shapiro-
Wilk test. The participants were categorized into 2 
groups by CAD diagnosis. For parameters not having 
normal distributions, statistical analyses were based 
on non-parametric tests. The Mann-Whitney U test 
was used to compare continuous variables between 2 
groups, and Fisher’s exact test or the chi-squared test 
was used to examine the significance of differences 
between categorical variables.

Multivariate logistic regression analysis was used 
to test the combined relationship between the preva-
lence of CAD and cardiovascular RFs. The multivariable 
logistic regression model included all modified RFs that 
were significant in the univariate analysis and potential 
confounding factors. The multivariate model used the 
backward stepwise elimination method, starting with 
a model including all the variables. The results were 
presented as odds ratio (OR) with a 95% confidence 
interval (CI).

Statistical analyses were performed using Statistica 
version 13.3 (TIBCO Software Inc., California, USA). For 
all statistical analyses, a p-value < 0.05 was considered 
significant.

Results

Participants’ characteristics
The study population included 113 patients, of 

whom 29 patients (25.7%) were qualified for PTA 
and 84 patients (74.3%) for SPKT. The median age of 

the population was 40 (35–46) years, and 64 patients 
(56.7%) were female. The median duration time of T1D 
was 26 (23–32) years, and most of the study group (n 
= 93; 82.3%) were participants with long-standing 
diabetes (over 20 years). Above two-thirds of patients 
(n = 70; 61.9%) were on hemodialysis.

Invasive coronary angiography was performed 
in 107 patients (94.7%). The other patients (n = 6; 
5.3%) had negative results of stress tests and were 
excluded from invasive assessment. Finally, CAD was 
found in 31 participants (27.4% of the entire cohort). 
The baseline characteristics of the enrolled patients 
stratified by CAD are illustrated in Table 1. In general, 
patients with CAD were older [44 years (38–51) vs. 
38.5 years (34–44), p = 0.005] than patients with-
out CAD, and the majority were on hemodialysis [26 
(83.9%) vs. 44 (53.7%), p = 0.004]. The duration of 
renal replacement therapy and diabetes-specific RFs 
(age of diagnosis, duration of T1D, level of HbA1c) 
did not have any significant associations with the 
prevalence of CAD.

Assessment of cardiovascular RFs
The prevalence of traditional cardiovascular RFs 

was very high. Most participants (n = 81; 71.7%) had 
2 to 3 major RFs (Tab. 2). However, there was no sig-
nificant association between the number of RFs and the 
prevalence of CAD. As shown in Table 3, hypertension 
and dyslipidemia were the most common RFs in the 
study group (n = 96; 85% and n = 80; 70.8%, respec-
tively). Active smoking was declared by 31 participants 
(27.4%) with a median of 13 pack-years (6–18.3) of 
smoking exposure. Obesity was the least common RF 
in the study group.

Table 1. Baseline Characteristics of the Study Population Stratified by CAD

Total (n = 113) CAD (n = 31) No CAD (n = 82) P-value

Age [years] 40 (35–46) 44 (38–51) 38.5 (34–44) 0.005

Sex (male) 49 (43.3%) 17 (54.8%) 32 (39%) 0.1

Age of diagnosis of T1D [years] 13 (8–17) 14 (9–20) 12 (8–16) 0.2

Duration of T1D [years] 26 (23–32) 27 (24–35) 25 (22–31) 0.07

Hemodialysis 70 (61.9%) 26 (83.9%) 44 (53.7%) 0.004

Duration of hemodialysis [months] 18 (9–28) 22.5 (11–28) 14 (8–27) 0.25

BMI [kg/m2] 22.95 (20.8–25.4) 23.6 (20.6–26.7) 22.8 (20.8–24.7) 0.4

HbA1c [%]         7.66 (6.95–8.42) 7.79 (7.2–8.64) 7.47 (6.82–8.4) 0.2

Categorical variables are presented as numbers and percentages (%), and continuous variables are presented as median with interquartile range (IQR)
BMI — body mass index; CAD — coronary artery disease; HbA1c — glycated hemoglobin; T1D — type 1 



Małgorzata Buksińska-Lisik et al., Triglycerides and Coronary Artery Disease in Pancreas Recipients

35

Associations between CAD and RFs
Associations between the prevalence of CAD and 

cardiovascular RFs of interest are shown in Table 3. There 
were no significant between-group differences in the 
prevalence of hypertension, dyslipidemia, smoking, or 
obesity. However, significant differences were found in 
specific lipid parameters and blood pressure values. Both 
SBP and DBP were significantly higher in patients with 
CAD than in patients without CAD (144 mmHg [129–158] 

vs. 130.5 mmHg [122–138], p = 0.0002, and 80 mmHg 
[72–88] vs. 76 mmHg [71–83], p = 0.04, respectively). The 
concentration of TG was significantly higher (1.8 mmol/L 
[1.4–2.1] vs. 1.2 mmol/L [1–1.7], p = 0.00003), while 
HDL-C was significantly lower (1.3 mmol/L [1.2–1.4] 
vs.1.5 mmol/L [1.3–1.9], p = 0.01) in patients with CAD 
than in the other participants. There were no significant 
differences in other lipid parameters (TC, LDL-C, non-HDL) 
between patients with and without CAD.

Table 3. Characteristics of the Major Modifiable Cardiovascular RFs

Total (n = 113) CAD (n = 31) No CAD (n = 82) P-value

Hypertension 96 (85%) 30 (96.8%) 66 (80.5%) 0.04

ACEi/ARBs 55 (48.7%) 23 (74.2%) 32 (39.0%) 0.001

Calcium channel blockers 70 (61.9%) 21 (67.7%) 49 (59.8%) 0.5

Beta-blockers 61 (54.0%) 22 (71.0%) 39 (47.6%) 0.03

Diuretics 57 (50.4%) 18 (58.1%) 39 (47.6%) 0.4

Alpha-blockers 20 (17.7%) 6 (19.3%) 14 (17.1%) 0.8

Centrally acting agents 6 (5.3%) 2 (6.45%) 4 (4.9%) 0.7

SBP [mmHg] 132 (122–146) 144 (129–158) 130.5 (122–138) 0.0002

DBP [mmHg] 77 (71–84) 80 (72–88) 76 (71–83) 0.04

Dyslipidemia 80 (70.8%) 25 (80.65%) 55 (67.1%) 0.2

Statin users 49 (43.36%) 17 (54.8%) 28 (34.1%) 0.05

Statin dose [mg] 20 (10–40) 20 (10–20) 20 (20–40) 0.06

TC [mmol/L] 4.7 (3.8–5.6) 5 (3.5–5.7) 4.7 (3.9–5.6) 0.97

LDL-C [mmol/L] 2.5 (2–3.1) 2.7 (1.8–3.2) 2.5 (2.1–3.1) 0.75

HDL-C [mmol/L] 1.4 (1.2–1.8) 1.3 (1.2–1.4) 1.5 (1.3–1.9) 0.01

non-HDL-C [mmol/L] 3.1 (2.5–3.8) 3.1 (2.5–3.7) 3.2 (2.3–4.1) 0.7

TG [mmol/L] 1.3 (1–1.8) 1.8 (1.4–2.1) 1.2 (1–1.7) 0.00003

Obesity 6 (5.3%) 3 (9.7%) 3 (3.7%) 0.3

Current smoking 31 (27.4%) 11 (35.5%) 20 (24.4%) 0.2

Smoking exposure [pack-years] 13 (6–18.3) 13 (5–20) 12.75 (7–17.5) 0.94

Categorical variables are presented as numbers and percentages (%), and continuous variables are presented as median with interquartile range (IQR)
ACEi — angiotensin-converting enzyme inhibitors; ARB — angiotensin receptor blockers; CAD — coronary artery disease; DBP — diastolic blood pressure; 
HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; RFs — risk factors; SBP — systolic blood pressure; TC — total 
cholesterol; TG — triglycerides

Table 2. The Association Between the Number of Major Modifiable Cardiovascular RFs and the Prevalence of CAD 

Number of RFs Total (n = 113) CAD (n = 31) No CAD (n = 82) P-value

0 2 (1.77%) 0 2 (2.4%) 0.6

1 10 (8.85%) 2 (6.45%) 8 (9.76%)

2 43 (38.05%) 10 (32.26%) 33 (40.2%)

3 38 (33.62%) 12 (38.7%) 26 (31.7%)

4 20 (17.7%) 7 (22.6%) 13 (15.85%) 

Major cardiovascular risk factors included: hypertension, dyslipidemia, smoking, and obesity; categorical variables are presented as numbers and percent-
ages (%)
CAD — coronary artery disease; RFs — risk factors
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Associations of various cardiovascular RFs for CAD 
are presented in Table 4. In the univariate logistic re-
gression analysis, age (OR 1.135; 95% CI: 1.040–1.240, 
p = 0.005), the concentration of TG (OR 4.127; 95% 
CI: 1.831–9.299, p = 0.001), SBP (OR 1.058; 95% CI: 
1.027–1.09, p = 0.0002), and DBP (OR 1.057; 95% CI: 
1.008–1.107, p = 0.021), and hemodialysis (OR 4.491; 
95% CI: 1.57–12.846, p = 0.005) were significantly as-
sociated with CAD.

The multivariate analysis model included all modi-
fied RFs that were significantly different in the univari-
ate analysis (TG, SBP, DBP) and potential confounding 
factors (sex, age, smoking, hemodialysis, HDL-C, statin 
use). The multivariate analysis demonstrated that age 
(OR 1.159; 95% CI: 1.062–1.265, p = 0.001), the con-
centration of TG (OR 4.534; 95% CI: 1.803–11.403, 
p = 0.001), and hemodialysis (OR 4.027; 95% CI: 
1.13–14.358, p = 0.032) were independently associat-
ed with the prevalence of CAD in the presented cohort. 
Finally, the concentration of TG was the only modifi-
able RF independently associated with the prevalence 
of CAD in the entire cohort.

Discussion
The study included potential pancreas recipients 

referred to our center for cardiological pre-transplant 
assessment. The vast majority were patients with long-
standing diabetes and many complications, including 
hemodialysis.

Multivariate analysis demonstrated that age, he-
modialysis, and TG levels were independently associ-
ated with the prevalence of CAD in potential pancreas 

recipients with T1D. Higher values of these parameters 
were significant predictors of CAD, suggesting that 
older patients, those undergoing hemodialysis, and 
those with higher TG levels have a higher risk of CAD.

The most impressive result of this study is that 
the concentration of TG was the only modifiable RF 
independently associated with the prevalence of CAD. 
When the concentration of TG increased by 1 mg/dL, 
the odds of having CAD increased 4.5-fold.

Our study results demonstrated the high preva-
lence of CAD in pancreas recipients. Obstructive CAD 
was revealed in 27.4% of participants. Data from 
other researchers have shown very divergent results, 
and the incidence of CAD ranged from 19 to 71.7%, 
depending on the study population and the criteria for 
CAD diagnosis [10–12]. The high prevalence of CAD in 
pancreas transplant recipients justifies the multifacto-
rial approach to identifying and controlling the most 
important modifiable cardiovascular RFs.

Additionally, we demonstrated that hemodialysis 
was independently associated with the prevalence of 
CAD in the presented cohort. HD increased the odds 
of having CAD 4.03-fold. In this regard, our results are 
in line with the results from other researchers suggest-
ing a link between diabetic nephropathy and CAD in 
T1D patients. According to Tuomilehto et al. [13], the 
presence of nephropathy in T1D patients increased 
the relative risk for cardiovascular disease 10.3-fold. 
Giménez-Pérez et al. [14] demonstrated that decreased 
GFR and elevated albumin/creatinine ratio were both 
strongly associated with a first cardiovascular event in 
T1D patients and should be considered when estimat-

Table 4. Logistic Regression Analyses of Cardiovascular RFs Associated with CAD

Univariate logistic regression analysis

Variable OR 95% CI P-value

Sex (male) 0.576 0.179–1.849 0.35

Age [years] 1.135 1.040–1.240 0.005

Smoking 0.668 0.203–2.198 0.5

Triglycerides [mmol/L] 4.127 1.831–9.299 0.001

Systolic blood pressure [mmHg] 1.058 1.027–1.09 0.0002

Diastolic blood pressure [mmHg] 1.057 1.008–1.107 0.021

Hemodialysis 4.491 1.57–12.846 0.005

Statins using 1.053 0.346–3.209 0.92

Multivariate logistic regression analysis 

Age [years] 1.159 1.062–1.265 0.001

Triglycerides [mmol/L] 4.534 1.803–11.403 0.001

Hemodialysis 4.027 1.13–14.358 0.032

The multivariate logistic regression analysis model included all modified RFs that were significantly different in the univariate analysis (TG, SBP, DBP) and 
potential confounding factors (sex, age, smoking, hemodialysis, HDL-C, statins using)
CAD — coronary artery disease; CI — confidence interval; OR — odds ratio; RFs — risk factors
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ing CV in primary prevention measures. The results 
from Harjutsalo et al. [15] also suggest that a higher 
degree of kidney disease increased the risk of CAD in 
T1D patients. Moreover, Oliveira et al. [16] assessed 
CAD in 20 hemodialyzed T1D patients using quantita-
tive invasive coronary angiography and intravascular 
ultrasound. They found 29 lesions in 15 patients, of 
which 50% were significant (≥ 70% stenosis), even 
though the patients were asymptomatic. Additionally, 
subclinical CAD was present in all coronary arteries. 
Furthermore, according to Kim et al. [17], patients 
subjected to SPK were at higher risk of CAD among all 
pancreas recipients. After multivariable adjustment, 
the odds of any cardiovascular complication in the SPK 
group were significantly higher than in patients sub-
jected to solitary pancreas transplantation (OR 1.48, 
95% CI 1.21 to 1.80, p = 0.01). Moreover, there was 
a robust association between diabetic nephropathy and 
dyslipidemia [18]. Their findings may partly explain the 
results we observed.

The key finding of the present study is the high 
prevalence of traditional cardiovascular RFs (hyper-
tension, dyslipidemia, smoking, obesity) and the lack 
of any significant associations between them and the 
prevalence of CAD. However, significant between-group 
differences were found in specific blood pressure val-
ues and lipid parameters. Both SBP and DBP were sig-
nificantly higher in patients with CAD than in patients 
without CAD. The concentration of TG was also signifi-
cantly higher in patients with CAD. It can, therefore, 
be assumed that the degree of control of a given risk 
factor is more important than the fact of having it. The 
achievement of therapeutic goals in cardiovascular RFs 
is probably crucial in decreasing the risk of CAD.

In the present study, the concentration of TG was 
significantly and independently associated with the 
prevalence of CAD. In observational studies, a higher 
concentration of TG was also significantly associated 
with the increased risk of CAD in the general popula-
tion [19, 20]. Moreover, researchers from the PROVE 
IT-TIMI 22 trial demonstrated that higher concen-
trations of TG were associated with atherosclerotic 
cardiovascular disease independently of LDL-C levels 
[21]. The authors of the aforementioned research 
suggested that achieving low TG should be an ad-
ditional consideration beyond low LDL-C in patients 
after ACS. In contrast to these results, several trials 
failed to prove that lowering the concentration of TG 
decreased the risk for CAD [22]. Presumably, for this 
reason, guidelines for many years ignored elevated 
TG, focusing on lowering LDL-C to reduce the risk of 
atherosclerosis. The therapy to lower TG levels might 
only be considered in high-risk patients when TGs are 

more than 2.3 mmol/L [23]. For some time, researchers 
have noticed that in statin-treated patients, the risk 
of cardiovascular events increased with a higher con-
centration of TG, even when LDL-C was at the target 
level [24, 25]. That is in line with results from Hero et 
al. [26], who demonstrated in 30,778 people with T1D 
that LDL-C was not a good predictor of cardiovascular 
disease. New insights suggest that elevated TG-rich 
lipoproteins are associated with the residual risk of 
atherosclerotic cardiovascular disease [27, 28]. Further-
more, there is evidence from genetic studies demon-
strating that elevated TG-rich lipoproteins are causally 
associated with atherosclerotic cardiovascular disease 
[29, 30]. A cause-and-effect relationship between 
elevated triglyceride-rich lipoproteins and atheroscle-
rosis was independent of low HDL cholesterol levels. 
Recent research based on Mendelian randomization 
studies also supports a causal relationship between 
plasma TG levels and atherosclerotic cardiovascular 
disease, including CAD (OR 1.33, 95% CI 1.24–1.43, 
p = 2.47 × 10^–13) [31]. The strong association be-
tween TG and CAD we observed was consistent with 
prior studies in T1D patients [6, 32, 33]. There are 
many potential mechanisms to explain the relationship 
between CAD and TG. The degradation products of 
TG-rich lipoproteins elicited cytotoxicity and apoptosis 
in human macrophages and endothelial cells, leading 
to an atherosclerotic process [34]. Furthermore, they 
increased the expression of macrophage inflamma-
tory proteins, adhesion molecules, and coagulation 
factors (e.g., tumor necrosis factor-α, interleukin-1β, 
monocyte chemotactic protein-1, intercellular adhe-
sion molecule-1) that lead to atherosclerosis [35, 36]. 
Finally, there is evidence from the Mendelian random-
ization approach on the causal relationship between 
elevated triglyceride-rich lipoproteins and low-grade 
inflammation [37]. It is worth noting that Tolonen et 
al. [38] observed that the association between CAD 
and TG was particularly observed at a lower concentra-
tion of TG. According to these authors, the TG cutoff 
point for predicting the occurrence of CAD in T1D was 
0.94 mmol/L. The increasing importance of the link 
between TG and CAD was also seen by the authors 
of the latest guidelines, who suggested moderately 
increased fasting TG levels (more than > 1.7 mmol/L) 
as an indication for treatment, which should aim for 
TG levels less than 1.1 mmol/L [8] 

Taken together, our findings strongly support inten-
sive TG control in T1D patients qualified for pancreas 
transplantation. Current recommendations should be 
reconsidered to capture and minimize the residual 
cardiovascular risk in potential pancreas recipients 
with T1D.
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Limitations
Our study has some limitations. The 2 main limi-

tations are due to the application of a cross-sectional 
approach. First, the risk factors were measured only 
once, so the observed associations represented only 
a single-point estimate. Second, the results did not 
allow for establishing a causal relationship, which 
makes it impossible to say whether the high level of 
TG is a cause, an effect, or a marker of CAD. The third 
limitation is the small size of the group, which is due 
to the small number of patients referred for pancreas 
transplantation in Poland. Another limitation is the use 
of statins and antihypertensive drugs, which may have 
confounded the presented relationships. Nonetheless, 
the great value of our study is that the presented re-
sults reflect daily medical practice, and therefore the 
conclusions could be adopted for routine pre-transplant 
management.

Conclusions
Fasting TG levels were positively associated with the 

prevalence of CAD in potential pancreas recipients with 
T1D. The concentration of TG has the potential to serve 
as an important modifiable RF or at least as an impor-
tant biomarker in this group and should be included 
in the cardiological pre-transplant assessment. Further 
research is needed to understand the mechanisms of 
the relationship between TG and CAD and develop 
more effective prevention and treatment methods.
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In-Hospital Hyperglycemia and Sliding Scale 
Insulin Regimen as Risk Factors for Critical 
Illness and Mortality in Patients with 
COVID-19 and Type 2 Diabetes

ABSTRACT
Objective: Diabetes mellitus (DM) and in-hospital hy-
perglycemia are independent risk factors for severe 
pneumonia and mortality in patients with coronavirus 
disease 2019 (COVID-19). We aimed to identify the 
prevalence of critical COVID-19 disease and mortality in 
hospitalized patients with DM and COVID-19 infection 
and associated risk factors before the introduction of 
COVID-19 vaccines.

Materials and methods: All hospitalized patients ≥ 18 
years old with DM and COVID-19 during 2020 were 
included. We compared clinical findings and outcomes 
between survivors and non-survivors. The main risk 
factors associated with mortality and critical COVID-19 
were determined.
Results: Among 248 patients, 59.3% were discharged 
and 40.7% died. Their mean age was 60 ± 12.9 years, 
and 58.1% were male. Critical COVID-19 was associated 
with age ≥ 60 years (OR 3.13, p =  0.003), hypoxemia 
on admission (OR 4.86, p ≤ 0.001), inpatient hypergly-
cemia (OR 6.15, p = 0.001), and sliding scale insulin 
(OR 2.70, p = 0.010). Increased mortality was associ-
ated with age ≥ 60 years (OR 2.29, p = 0.028), cancer 
(OR 7.77, p = 0.023), hypoxemia (OR 3.42, p = 0.004) 
hypotension on admission (OR 10.21, p = 0.044), 
leukocytosis (OR 2.42, p = 0.048), anemia (OR 3.07, 
p = 0.013), thrombocytopenia (OR 4.66, p = 0.006), 
inpatient hyperglycemia (OR 4.44, p = 0.007), and slid-
ing scale insulin (OR 3.24, p = 0.003). The basal bolus 
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regimen was protective mortality (OR 0.17, p = 0.003).
Conclusions: COVID-19 was associated with a mortality 
of 40.7% in hospitalized patients with DM. Inpatient 
hyperglycemia and sliding scale insulin increased the 
risk of critical COVID-19 and mortality, while the im-
plementation of a basal plus insulin regimen (basal 
insulin + sliding scale prandial insulin) protected 
against mortality. Defining strategies for in-hospital 
glucose control should be a priority. (Clin Diabetol 
2025; 14, 1: 40–49)

Keywords: type 2 diabetes, COVID-19, mortality

Introduction
Since the outbreak of the coronavirus-19 (COV-

ID-19) infection in December 2019, more than 350 
million people worldwide have been infected and more 
than 5 million have died as of this writing. Before the 
application of vaccines against COVID-19 in Mexico, 
the median age of COVID-19 infection was 44 years 
[interquartile range (IQR) 33–56], affecting both men 
and women equally; approximately a quarter of pa-
tients required hospitalization, and overall reported 
mortality was about 10% [1]. The clinical presentation 
ranged from mild symptoms to severe pneumonia, 
sepsis, acute kidney injury, acute respiratory distress 
syndrome, respiratory failure, and multiple organ dys-
function. Mortality due to COVID-19 pneumonia has 
been related to male gender, older age (> 60 years), 
and comorbidities such as diabetes mellitus (DM), 
obesity, hypertension, respiratory disease, cancer, and 
cardiovascular disease [2–6].

Among patients with COVID-19 infection, DM 
is an independent risk factor for severe pneumonia, 
hospitalization, admission to an intensive care unit, 
and intubation [7–8]. Prior to vaccination, in patients 
with DM and COVID-19, the incidence rate of death 
was as high as 1153 cases per 100,000 person-days, 
compared to 292 cases per 100,000 persons-days in 
those without DM [1]. Older age, male gender, lower 
socioeconomic status, poorer glycemic control, previ-
ous cardiovascular disease, smoking status, and the 
presence of comorbidities are some of the factors 
that have been recognized as predictors of poor out-
come [9]. The need to carry out studies to ascertain 
the relationship between patients with COVID-19 and 
diabetes was established. However, most of the stud-
ies have been carried out with a population that does 
not include patients of Hispanic origin; hence, little is 
known about the predictors of mortality and severe 
disease in this group of patients. 

The present study was conducted with the aim 
of identifying the prevalence of hospital mortality in 
Hispanic patients with DM and COVID-19 pneumonia. 
The main factors associated with hospital mortality and 
critical disease were also identified.

Materials and methods
Hospital-based cohort study

An analytical, retrospective, cohort study was car-
ried out in High Specialty Medical Unit (UMAE) No. 
25 of the Mexican Institute of Social Security (IMSS) 
in Monterrey, Nuevo León, Mexico during the period 
from March to December 2020. Additionally, patients 
from 6 IMSS second-level hospitals and one third-level 
private hospital, all with similar low and medium so-
cioeconomic and cultural status, were included. The 
study was carried out in accordance with the ethical 
standards established by the general health law and 
was approved by the local research and ethics commit-
tee in health research of the IMSS.

Study population
All patients aged 18 years and older with DM and 

a confirmed diagnosis of COVID-19-associated pneu-
monia who required hospitalization were included. 
Patients with viral pneumonia due to agents other 
than severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) (respiratory syncytial virus, parainfluenza, 
influenza A, influenza B), glycated hemoglobin (HbA1c) 
< 6.5% at admission without a history of diabetes, 
and those with incomplete medical records were ex-
cluded. Regarding diabetes, age at diagnosis, disease 
duration, comorbidities, treatment, and presence of 
chronic complications were assessed. The clinical and 
biochemical outcome of hospital-acquired pneumonia 
was reviewed, including the presence and remission 
of symptoms, oxygen requirement, admission to the 
intensive care unit, biochemical parameters, treatment 
for diabetes, mechanical ventilation requirement, and 
reason for discharge.

DM was defined in patients who had a history 
documented medication usage or HbA1c at admission 
≥ 6.5%. Diabetic kidney disease was defined in patients 
with a history of GFR ≤ 60 mL/min/1.73 m2 during the 
3 months prior to hospitalization. The diagnosis of 
diabetic neuropathy was defined according to what 
was documented in the medical file or use of treat-
ment. History of acute myocardial infarction, unstable 
angina, cerebral vascular event, peripheral vascular 
disease, and amputations were defined as macrovas-
cular complications.

The diagnosis of pneumonia due to SARS-CoV-2 
was made by means of a pharyngeal exudate sample, 
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which was analyzed by reverse transcriptase polymerase 
chain reaction test. COVID-19 infection was catego-
rized as mild, severe, or critical. Critically ill patients 
were defined as those with acute respiratory distress 
syndrome, septic shock, cardiac dysfunction, and/or 
exacerbation of cardiac, hepatic, renal, central nerv-
ous system, or thrombotic disease. Acute kidney injury 
was documented when there was an increase in serum 
creatinine concentration of ≥ 0.3 mg/dL during 48 h or 
an increase of ≥ 1.5 times in the last 7 days, or diuresis 
< 0.5 mL/kg/h for 6 hours.

The criteria considered for hospital discharge 
were absence of fever for at least 3 days, radiologi-
cal improvement, and remission of respiratory symp-
toms [10].

Outcomes
Patients were classified into 2 groups according 

to the reason for discharge: group 1 (survivors) were 
patients who were discharged or transferred to another 
hospital, and group 2 (non survivors) included patients 
who died during hospitalization. The primary outcome 
was to determine the prevalence of in-hospital mortality 
and critical COVID disease. Demographic, clinical, and 
biochemical differences were considered as secondary 
outcomes.

Statistical analysis
Analysis was performed using SPSS version 22.0. 

Data were assessed for parametric and nonparametric 
distribution by the Kolmogorov-Smirnov test. Quantita-
tive data with a normal distribution were presented as 
mean (SD) and those with a non-normal distribution 
were presented as median IQR. Qualitative variables 
are presented as frequency and percentage. Student’s 
t-test or the Mann-Whitney U test was used for con-
tinuous variables. To evaluate differences in categorical 
variables we used the chi-square test or the Fisher´s 
exact test. Adjusted logistic regression analysis was 
performed to determine the main risk factors associ-
ated with mortality and critical illness. Odds ratios and 
95% confidence intervals were calculated. A value of 
p < 0.05 was considered significant.

Results
A total of 248 patients were included, of whom 147 

(59.3%) were discharged and 101 (40.7%) died. Table 1 
shows the demographic characteristics and evolution 
of DM. The mean age was 60 (± 12.9) years, and 144 
patients (58.1%) were male. Household managers/ 
/homemakers and retired patients comprised the major-
ity of our study population (67/119 patients [56.3%]). 
86.2% (n = 212/246) of patients were at home prior 

to admission and 13.8% (n = 34/246) were transferred 
from another hospital. Regarding the reason for ad-
mission, 102 patients (41.1%) were hospitalized with 
a confirmed diagnosis of COVID-19 pneumonia, 130 
(52.4%) as a suspected case, and 16 (6.5%) were admit-
ted for other reasons. The use of oral antidiabetics was 
the most common treatment modality (63.7%). Regard-
ing complications associated with DM, macrovascular 
disease was identified in 16.1%, diabetic kidney disease 
in 15.7%, neuropathy in 6.5%, and retinopathy in 3.2%, 
with no differences between the 2 groups. More than 
half of the patients used antihypertensive treatment 
(56.9%), 12.9% statins, and 6.5% acetylsalicylic acid. 
Mortality increased with age, especially in those over 
60 years of age, longer duration of DM, and use of an-
tihypertensive treatment. Obesity was found in 40.0% 
and hypertension in 65.7%, without finding significant 
differences between the 2 groups. Chronic kidney dis-
ease and cancer were identified as more prevalent in 
patients with fatal outcomes, while dyslipidemia was 
more frequent in those who survived.

Table 2 shows the clinical and biochemical char-
acteristics at hospital admission. In the non-survivor 
group, lower blood pressure and oxygen saturation 
were identified, as well as a higher proportion of pa-
tients with fever, dyspnea, and headache. Among the 
radiographic findings, bilateral infiltrate was the most 
prevalent, i.e., in 63.2% of the patients. Furthermore, 
differences in leukocytosis, lymphocytosis, neutrophilia, 
anemia, and thrombocytopenia were detected, in addi-
tion to a lower glomerular filtration rate and higher lev-
els of C-reactive protein and D-dimer in non-survivors.

Regarding the clinical evolution during hospitaliza-
tion (Tab. 3), 34.7% of the patients were classified as 
mild disease, 24.6% as moderate, and 40.7% in critical 
condition, with critical disease being most prevalent 
in non-survivors. The median hospital stay was 8 days 
(IQR 4–12): 8 days (IQR 5–13) in patients who survived 
and 7 days (IQR 3–10) in non-survivors (p = 0.03). 
47.5% of the patients who were non-survivors were 
on invasive mechanical ventilation, compared to 4.5% 
of those who survived. The mean glucose during hos-
pitalization was 10.1 mmol/L, IQR 7.66-14.49 mmol/L 
(182 mg/dl, IQR 138–261 mg/dL). A higher prevalence 
of hospital hyperglycemia was found in the group of 
non-survivors (67.7% vs 48.4%, p=0.02). A sliding 
scale insulin scheme was used in about half of the 
patients. Regarding the rest of the treatment, the 
use of basal insulin with special interest in basal plus 
insulin regimen (basal insulin + sliding scale prandial 
insulin) was more prevalent in survivors, while con-
tinuous insulin infusion was more common in non-
survivors. 65.6% of patients required glucocorticoids 



Dania Lizet Quintanilla-Flores et al., In-Hospital Mortality in Patients with COVID-19 and Diabetes

43

Table 1. Demographic Characteristics

Total Survivors Non-survivors P-value

N [%] 248 147 (59.3) 101 (40.7)

Age [years], X [SD] 60.1 (12.9) 56.9 (12.5) 64.7 (12.1) < 0.001

Age, n [%]

18–39 [years]

40–79 [years]

≥ 80 [years]

15 (6.0)

217 (87.5)

16 (6.5)

13 (8.8)

130 (88.5)

4 (2.7)

2 (2.0)

87 (86.1)

12 (11.9)

< 0.001

Male gender, n [%] 144 (58.1) 91 (61.9) 53 (52.5) 0.14

Smoking, n [%] 23/192 (12.0) 14/118 (11.9) 9/74 (12.2) 0.95

Occupation, n [%]

Home/retired

Employee

Health

Others

67/119 (56.3)

30/119 (25.2)

15/119 (12.6)

7/119 (5.8)

30/65 (46.2)

20/65 (30.8)

12/65 (18.5)

3/65 (4.6)

37/54 (68.5)

10/54 (18.5)

3/54 (5.6)

4/54 (7.4)

0.04

Age at diagnosis of diabetes [years], X [SD] 49.6 (12.7) 47.9 (12.5) 52.4 (12.7) 0.06

Duration of diabetes [years], med [IQR] 10 (4–15) 8.5 (2–13) 10 (5–15) 0.02

Duration of diabetes, n [%]

< 5 [years]

5–10 [ years]

> 10 [years]

40/139 (28.2)

25/139 (17.3)

75/139 (53.9)

30/86 (34.9)

15/86 (17.4)

41/86 (47.6)

10/53 (18.9)

9/53 (17.0)

34/53 (64.2)

0.18

Home diabetes medication regimen

Oral antidiabetics, n [%]

Insulin, n [%]

No treatment, n [%]

128 (63.7)

76 (37.8)

27 (13.4)

75 (65.2)

45 (39.1)

15 (13.0)

53 (61.6)

31 (36.0)

12 (14.0)

0.60

0.65

0.85

Diabetes associated complications

Macrovascular, n [%]

Diabetic kidney disease, [%]

Neuropathy, n [%]

Retinopathy, n [%]

40 (16.1)

39 (15.7)

16 (6.5)

8 (3.2)

20 (13.6)

20 (19.8)

10 (6.8)

5 (3.4)

20 (19.8)

19 (12.9)

6 (5.9)

3 (3.0)

0.19

0.14

0.78

0.94

Other comorbidities

Obesity, n [%]

Hypertension, n [%]

Dyslipidemia, n [%]

End stage renal disease, n [%]

Cancer, n [%]

66/165 (40.0)

163 (65.7)

34 (13.7)

29 (11.7)

14 (5.6)

36/101 (35.6)

92 (62.6)

26 (17.7) 

12 (8.2)

3 (2.0)

30/64 (46.9)

71 (70.3)

8 (7.9)

17 (16.8)

11 (10.9)

0.15

0.21

0.03

0.03

0.01

Other treatments

Any treatment for hypertension, n [%]

ACE inhibitors or MRAs [%]

Statins, n [%]

Acetylsalicylic acid, n [%]

141 (56.9)

119 (48.0)

32 (12.9)

16 (6.5)

74 (50.3)

65 (44.2)

24 (16.3)

8 (5.4)

67 (66.3)

54 (53.5)

8 (7.9)

8 (7.9)

0.01

0.15

0.05

0.43

In addition to these data, the following were evaluated: origin at the time of hospitalization and case definition at admission
ACE — angiotensin-converting enzyme; IQR — interquartile range; MRAs — mineralocorticoid receptor antagonists; SD — standard deviation

during hospitalization, and this requirement was more 
prevalent in the non-survivor group. The patients who 
died presented greater complications compared to 
the survivors in terms of admission to intensive care 
(23.8% vs. 11.6%, p = 0.01), acute respiratory distress 
syndrome (71.3% vs. 8.8%, p < 0.001), acute kidney 

injury (27.7% vs. 7.5%, p < 0.001), hemodynamic 
shock (19.8% vs. 1.4%, p < 0.001), sepsis (18.8% vs. 
4.1%, p < 0.001), metabolic acidosis (11.9% vs. 2.0%, 
p = 0.01), disseminated intravascular coagulation 
(7.9% vs. 0.7%, p = 0.01), and multiple organ failure 
(15.8% vs. 0%, p < 0.001).
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Table 4 shows the main risk factors associated with 
mortality and critical illness. The results were adjusted 
by age, gender, and duration of DM. Among the general 
characteristics, age ≥ 60 years was significantly associated 
with critical illness and mortality while cancer was asso-
ciated with higher mortality risk. Regarding the clinical 
presentation of COVID-19: hypoxemia, oxygen require-
ment at hospital admission and thrombocytopenia were 
all associated with severe illness and mortality. Hypoten-
sion, leukocytosis, and anemia were only associated with 

higher mortality risk. We found no association between 
the duration of DM, the presence of DM-related compli-
cations, or diabetes treatment prior admission with the 
risk of critical illness or fatal outcome. The persistence of  
hospital hyperglycemia significantly increased the risk  
of critical illness and mortality. In addition, sliding scale in-
sulin during hospitalization increased both critical illness 
and mortality while the use of basal plus insulin scheme 
(basal insulin + sliding scale prandial insulin) reduced 
the risk of both critical illness and mortality.

Table 2. Clinical and Biochemical Characteristics at Hospital Admission

Total Survivors Non-survivors P-value

N (%) 248 147 (59.3) 101 (40.7)

Time from onset of symptoms to hospitalization 

(days)

7 (3–10) 7 (3–9) 7 (3–10) 0.76

Signs and anthropometry at admission

Body mass index [kg/m2] 31.1 (7.2) 31.2 (7.2) 30.9 (7.5) 0.88

Respiratory rate [bpm] 22 (20–25) 22 (20–25) 22 (19–25) 0.87

Heart rate [bpm] 90 (80–103) 89 (80–100) 90 (80–105) 0.33

Temperature [°C] 36.8 (36.3–37.3) 36.7 (36.1–37.2) 36.8 (36.4–37.5) 0.45

 Systolic pressure [mmHg] 126 (110–138) 130 (115–140) 120 (107–137) 0.02

 Diastolic pressure [mmHg] 75 (67–81) 79 (70–82) 70 (36–80) 0.001

 Oxygen saturation [%] 89 (83–94) 91 (86–95) 86 (76–92) < 0.001

Symptoms, n [%]

 Dyspnea 190 (76.6) 105 (71.4) 85 (84.2) 0.02

 Fever 162 (65.3) 87 (59.2) 75 (74.3) 0.01

 Cough 152 (61.3) 88 (59.9) 64 (63.4) 0.58

 Myalgias and arthralgias 108 (43.5) 67 (45.6) 41 (40.6) 0.44

 Fatigue 88 (35.5) 53 (36.1) 35 (34.7) 0.82

 Headache 82 (33.1) 56 (38.1) 26 (25.7) 0.04

Radiographic findings, n [%] 0.33

 Bilateral infiltrate 115/182 (63.2) 72/112 (64.3) 43/70 (61.4)

 Ground glass opacities 49/182 (26.9) 29/112 (25.9) 20/70 (28.6)

 One-sided consolidation 13/182 (7.1) 6/112 (5.4) 7/70 (10.0)

Biochemical findings

 Leukocyte count [K/uL] 9.8 (7.2–13.6) 9.0 (7.1–12.7) 10.9 (8.0–14.6) 0.03

 Lymphocyte count [K/uL] 1.1 (0.7–1.6) 1.2 (0.8–1.7) 0.9 (0.7–0.9) 0.05

 Neutrophils [K/uL] 8.3 (5.2–11.9) 7.1 (4.9–10.2) 9.6 (5.8–13.0) 0.01

 Hemoglobin [g/dL] 13.2 (11.2–14.7) 13.7 (12.0–14.8) 12.1 (10.2–14.3) 0.001

 Platelet count [K/uL] 238 (166–318) 255 (187–335) 195 (140–287) 0.001

 Albumin [g/dL] 3.3 (2.8–3.6) 3.4 (2.9–3.7) 3.1 (2.7–3.6) 0.07

Glucose [mmol/L] 10.7 (7.3–15.9) 10.7 (7.7–15.7) 10.2 (7.0–16.8) 0.68

Creatinine [mg/dL] 0.83 (0.64–1.50) 0.80 (0.67–1.10) 0.90 (0.60–1.70) 0.13

Glomerular filtration rate [ml/min] 91 (45–107) 94 (54–110) 75 (32–102) 0.005

D-Dimer [ng/mL] 638 (395–1144) 601 (396–932) 950 (368–1766) 0.08

C-reactive protein [mg/L] 70 (15–127) 42 (11–87) 109 (41–191) 0.009

Continuous variables are expressed as median and interquartile range
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Discussion
We found a mortality rate of 40.7% in Hispanic 

patients with DM hospitalized with COVID-19 pneu-
monia in the period prior vaccination. Our main find-
ings included the following: 1) Inpatient hyperglycemia 
was associated with a 4-fold increase of mortality and 
6-fold increase of critical COVID-19 infection. 2) The 
use of sliding scale insulin further increased the risk of 
critical disease and death while the implementation of 
a basal plus insulin (basal insulin + sliding scale pran-
dial insulin) regimen protected against fatal outcome. 
3) The DM profile prior to hospitalization did not influ-
ence the outcome during hospitalization. 4) We did not 

find a higher prevalence of fatal outcome associated 
with hypertension, obesity, or cardiovascular disease.

Hyperglycemia at admission is an independent 
predictor of poor prognosis with a longer hospital 
stay and a 4-fold increase in mortality [7–11]. In pa-
tients with DM, an increased acute-to-chronic glycemic 
ratio [12] and poor glycemic control (blood glucose 
> 10 mmol/L or 180 mg/dL) have shown to be associ-
ated with increased risk of hospital mortality, intensive 
care unit admission, and mechanical ventilation. Con-
versely, patients with DM and optimal glycemic control 
(blood glucose 3.89–10 mmol/L or 70–180 mg/dL and 
HbA1c 6.6–8.2% prior to and during hospitalization) 

Table 3. Clinical Course During Hospitalization

Total Survivors Non-survivors P-value

N [%] 248 147 (59.3) 101 (40.7)

COVID-19 severity, n [%]

Mild

Severe

Critical

86 (34.7)

61 (24.6)

101 (40.7)

77 (52.4)

52 (35.4)

18 (12.2)

9 (8.9)

9 (8.9)

83 (82.2)

< 0.001

Hospital stay, median [IQR] (days) 8 (4–12) 8 (5–13) 7 (3–10) 0.03

Maximum oxygen requirement, n (%) <0.001

Noninvasive mechanical ventilation 5/231 (2.2) 2/132 (1.5) 3/99 (3.0)

Invasive mechanical ventilation 53/231 (22.9) 6/132 (4.5) 47/99 (47.5)

Average glucose during hospitalization [mg/dL], median 

[IQR]

182 (138–261) 176 (122–250) 202 (157–289) 0.02

Hospital hyperglycemia [> 180 mg/dL], n [%] 90/160 (56.3) 46/95 (48.4) 44/65 (67.7) 0.02

Treatment, n [%]

Glucocorticoids 148/229 (64.6) 79/133 (59.4) 69/96 (71.9) 0.05

Statins 38/226 (16.8) 23/128 (18.0) 15/98 (15.3) 0.59

Plasmapheresis 14/248 (5.6) 7/147 (4.8) 7/101 (6.9) 0.47

Dialysis / hemodialysis 6/236 (2.5) 3/136 (2.2) 3/100 (3.0) 0.70

Treatment of hyperglycemia, n [%]

Sliding scale insulin 119/239 (49.8) 64/140 (45.7) 55/99 (55.6) 0.09

Basal plus (Basal + sliding scale insulin) 46/239 (19.2) 37/140 (26.4) 9/99 (9.1) 0.01

Basal bolus (Basal + fixed prandial insulin) 37/239 (15.5) 21/140 (15.0) 16/99 (16.2) 0.73

Continuous insulin infusion 11/239 (4.6) 1/140 (0.7) 10/99 (10.1) 0.01

No treatment 26/239 (10.9) 17/140 (12.1) 9/99 (9.1) 0.50

Complications during hospitalization, n [%]

Admission to intensive care 41/248 (16.5) 17/147 (11.6) 24/101 (23.8) 0.01

Acute respiratory distress syndrome 85/248 (34.3) 13/147 (8.8) 72/101 (71.3) < 0.001

Acute kidney injury 39/248 (15.7) 11/147 (7.5) 28/101 (27.7) < 0.001

Diabetic ketoacidosis 13/248 (5.2) 5/147 (3.4) 8/101 (7.9) 0.12

Hemodynamic shock 22/248 (8.9) 2/147 (1.4) 20/101 (19.8) < 0.001

Sepsis 25/248 (10.1) 6/147 (4.1) 19/101 (18.8) < 0.001

Metabolic acidosis 15/248 (6.0) 3/147 (2.0) 12/101 (11.9) 0.01

Disseminated intravascular coagulation 9/248 (3.6) 1/147 (0.7) 8/101 (7.9) 0.01

Multiple organ failure 16/248 (6.5) – 16/101 (15.8) < 0.001

COVID-19 — coronavirus-disease-2019; IQR — interquartile range
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have significant reductions in inflammatory markers, 
severity of complications, and mortality risk compared 
to those with glucose levels >10 mmol/L (180 mg/dL) 
[8–13]. In our patients, persistent hyperglycemia dur-
ing the hospital stay was more prevalent in those 
who died compared to those who survived (67.7% 
vs. 48.4%, p = 0.016), with a mean glucose level of 
11.21 mmol/L, IQR 8.71–16.04 mmol/L (202 mg/dL, 
IQR 157–289 mg/dL) compared to 9.77 mmol/L, IQR 
6.77–13.88 mmol/L (176 mg/dL, IQR 122–250 mg/dL) 
(p = 0.018). Furthermore, inpatient hyperglycemia 
increased the risk of both critical illness and mortality 
with an odds ratio (OR) of 6.15 (confidence interval 
[CI] 95% 2.07–18.24, p = 0.007) and 4.44 (CI 95% 
1.50–13.19, p = 0.007), respectively. 

The mechanisms that associate DM and adverse 
outcomes of COVID-19 include the following: 1) chronic 
inflammation, dysregulated immune function, and hy-
percoagulable state related to COVID-19 and DM [7]; 
2) attenuation of the synthesis of pro-inflammatory 
cytokines and a drastic reduction in regulatory T-cell 
levels in the presence of hyperglycemia and insulinope-
nia [14–15]; 3) pulmonary dysfunction [8]; 4) possible 
increase of the viral replication rate and direct structural 
changes in the lung [16]; 5) secretion of hormones such 

as catecholamines and glucocorticoids, present in the 
state of acute infection [17]; and 6) increased levels and 
activity of angiotensin-converting enzyme 2 (ACE2) 
and dipeptidyl peptidase 4 (DPP-4) enzyme in patients 
with diabetes, which has also been identified as the 
cellular receptor that mediates the entry of SARS-COV2 
into cells and subsequently leads to viral replication [7]. 
In our patients, some of these mechanisms were shown 
by the high prevalence of acute respiratory distress 
syndrome, acute kidney injury, hemodynamic shock, 
sepsis, metabolic acidosis, disseminated intravascular 
coagulation and multiple organ failure in non-survivors 
compared to survivors. 

Patients with COVID-19 and DM have 40–50% in-
creased risk of 28-day mortality compared to patients 
without DM [1–9]. According to McGurnaghan et al., 
longer duration of DM, more previous hospitalizations 
for hyperglycemia, diabetic ketoacidosis, lower estimat-
ed glomerular filtration rate, having retinopathy and 
the more diabetes drug subclasses were all associated 
with fatal or critical COVID-19 disease among patients 
with DM [9]. Holman conducted a large cross-sectional 
study and reported that previous cardiovascular disease 
is a risk factor for mortality [18]. Previous meta-analyses 
have also reported that older age, male sex [19–21], 

Table 4. Risk Factors Associated with Critical COVID or Fatal Outcome (Logistic Regression Analysis)

Risk factor Critical COVID Risk factor Fatal outcome

OR IC 95% P-value OR IC 95% P-value

Age ≥ 60 [years] 3.13 1.49–6.58 0.003 Age ≥ 60 [years] 2.30 1.09–2.39 0.03

Oxygen requirement on 

admission

8.16 1.75–38.08 0.008 Cancer 7.77 1.34–45.19 0.02

Hypoxemia on admission 

[≤ 90%]

4.87 2.14–11.52 <0.001 Hypoxemia on admission 

[≤ 90%]

3.42 1.49–7.89 0.004

Thrombocytopenia  

[< 150 K/UL]

3.13 1.07–9.16 0.03 Hypotension on admis-

sion [≤ 90 mmHg]

10.22 1.070–97.598 0.04

Inpatient hyperglycemia 

(> 10 mmol/L)

6.15 2.07–18.24 0.001 Leukocytosis [≥ 10 K/UL] 2.42 1.01–5.80 0.05

Sliding scale insulin 2.70 1.27–5.72 0.01 Thrombocytopenia  

[< 150 K/UL]

4.66 1.56–13.99 0.006

Anemia [< 12 g/dL] 3.07 1.262–7.482 0.01

Inpatient hyperglycemia 

(> 10 mmol/L)

4.44 1.50–13.19 0.007

Sliding scale insulin 3.24 1.49–7.02 0.003

Basal + sliding scale 

insulin

0.17 0.05–0.55 0.003

The logistic regression analysis model was performed to evaluate the risk factors for mortality and critical COVID. Mortality adjusted to age ranges, gender 
and time of evolution of diabetes. In addition to these variables, the following were analyzed: Female gender, smoking, hypertension, obesity, cardiovascu-
lar disease, end stage renal disease, hypotension on admission [≤ 90 mmHg], anemia [< 12 g/dL], glomerular filtration rate [≤ 60 mL/min], diabetes dura-
tion, insulin treatment, oral antidiabetics, macrovascular complications, diabetic nephropathy, diabetic neuropathy, diabetic retinopathy, diabetic ketoaci-
dosis on admission, ACE inhibitors or MRAs, acetylsalicylic acid, statins, glucose at admission ≥ 10 mmol/L, and continuous insulin infusion. These variables 
were not shown to be risk factors for mortality or severe disease
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current smoking [20] and obesity [22–23] confer high-
est COVID-19 in-hospital mortality. We found no asso-
ciation between mortality and the above-mentioned 
factors in our population.

Diabetes management during COVID-19 infec-
tion is crucial for the prevention of adverse outcomes. 
Among all the diabetes medications, metformin and 
DPP-4 inhibitors are the ones most studied that might 
contribute to mitigating the progression to severe 
COVID-19 complications. In experimental studies, met-
formin reduces the SARS-CoV-2 viral recognition by the 
ACE2 receptor [24]. Metformin has also been proven to 
reduce pro-inflammatory cytokines and contribute to 
a lower coagulation risk [7]. In patients with COVID-19 
and DM, the use of metformin prior to and during the 
infection has been associated with reduced inflamma-
tion and reduced risk of early death [25–28]. The use 
of DPP-4 inhibitors has been related with a reduction of 
cytokine production, a decrease in platelet aggregation, 
and a reduction of the COVID-19 virus entry and repli-
cation within the respiratory tract [7]. A meta-analysis 
based on retrospective observational studies provided 
inconclusive results on the association between the use 
of DPP-4 inhibitors and outcomes of COVID-19 and con-
cluded a neutral effect [29]. In a randomized clinical trial 
of hospitalized adult patients with DM and COVID-19, 
the use of linagliptin did not alter the clinical outcome 
compared with standard care [30]. Regarding the use 
of other diabetes medications, there are proven anti-
inflammatory and anti-thrombotic benefits with the use 
of glucagon-like peptide-1 agonists (GLP-1a), sodium-
glucose-linked transporter-2 inhibitors (SGLT2i), and 
thiazolidinediones [7]. The use of oral DM treatments 
was the most common treatment modality (63.7%) in 
our patients. Because this was a population that re-
ceived care in a public hospital in Mexico, most of the 
patients who used oral treatments were on metformin 
or sulfonylureas, with very few patients using iDPP4, 
SGLT2i, or GLP-1a, so it was not possible to analyze 
whether there were differences in mortality or complica-
tions by evaluating each of the treatments individually.

The Standards of Medical Care in Diabetes recom-
mend insulin as the preferred treatment for hospital 
hyperglycemia [31]. These recommendations are 
justified by the benefits of insulin beyond glycemic 
control: while it decreases plasma glucose with no 
adverse effects other than hypoglycemia, it also has 
crucial anabolic activity by stimulating protein syn-
thesis, inhibiting intracellular triglyceride lipolysis, 
preventing diabetic ketoacidosis, limiting the lipo-
toxic effects of free fatty acids, and may also have 
a regulatory influence in the inflammatory response 
to infections [13–32]. Sardu et al. showed that insulin 

infusion-mediated optimal blood glucose control 
improves prognosis for hospitalized patients with 
COVID-19 and hyperglycemia [13]. Insulin can also 
be a marker for advanced DM and more severe dis-
ease. Riahi et al. showed that patients who were on 
insulin at home and were hospitalized with COVID-19 
had increased rates of death, as well as peak in-
hospital insulin requirements [33]. A meta-analysis 
that included observational studies that evaluated 
the use of insulin in patients with COVID-19 infec-
tion concluded that insulin treatment was associated 
with a more than twofold risk of mortality; however, 
there was substantial heterogeneity among studies, 
and they did not discriminate between prior use and 
inpatient use of insulin [32]. In our results, we found 
that prior insulin use was similar among both groups. 
On the other hand, the use of only sliding scale insulin 
without basal insulin during hospitalization was as-
sociated with both higher mortality (OR 2.70, CI 95% 
1.27–5.72, p = 0.01) and critical COVID-19 infection 
(OR 3.24, CI 95% 1.49–7.02, p = 0.003) wile a basal 
plus insulin scheme (basal insulin + sliding scale pran-
dial insulin) was related with an improved outcome.

Statins are frequently prescribed in patients with 
diabetes due to their cardioprotective effect. In pa-
tients with COVID-19, statin therapy is associated with 
a 35% decrease in the adjusted risk of COVID-19 related 
mortality. Some explanations of this benefit are their 
anti-oxidative, anti-inflammatory, anti-arrhythmic, anti-
thrombotic properties as well as beneficial effects on 
endothelial dysfunction with a potential protective ef-
fect against fatal respiratory, cardiovascular, and throm-
boembolic complications in patients with COVID-19 
[34]. In our patients, despite dyslipidemia being more 
prevalent in those who survived as well as the use of 
statins, we did not find a significant association with 
increased mortality or critical COVID.

As a retrospective study we must consider some 
limitations in the interpretation of our results: 1) It was 
not possible to collect the information regarding clini-
cal history and DM profile in all our patients, including 
glycemic control prior to hospitalization, which could 
explain their lack of association with mortality and se-
vere disease. 2) The inclusion of the patients was carried 
out consecutively, so it was not possible to match the 
patients; however, the estimation of risk factors was 
made adjusted to age, gender, and time of evolution of 
diabetes. 3) Our results reflect the rate of mortality and 
critical illness in patients with type 2 diabetes before 
the existence of vaccines for COVID-19, so they could 
differ from the population that is currently vaccinated. 
On the other hand, we confirmed that the persistence 
of hospital hyperglycemia and the insulin regimen 
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used during hospitalization are independent factors 
that influence mortality and critical illness, similarly 
to what happens with patients with diabetes who are 
hospitalized for other diseases.

Conclusions
In this study we observed a mortality rate of 

40.7% in Hispanic patients with DM hospitalized with 
COVID-19 pneumonia prior to vaccination. Our baseline 
finding of advanced age as a mortality risk factor is in 
line with previous evidence in the literature. Our study 
also found that mortality increases in those with longer 
duration of DM and in those who use antihypertensive 
treatment. Patients with hypoxemia, oxygen require-
ment at hospital admission and thrombocytopenia 
were associated with severe illness and mortality.

Inpatient hyperglycemia significantly increased the 
risk of critical illness and mortality. The use of sliding 
scale insulin without basal insulin also increased the risk 
of critical illness and death, while the implementation 
of a basal plus insulin scheme (basal insulin + sliding 
scale prandial insulin) protected against fatal outcome. 
According to these results, defining strategies for in-
hospital glucose control should be a priority for health.
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A Call for a Modern Satyagraha Against 
Metabolic Syndrome

ABSTRACT
Objective: In 1923, while India was engaged in the Flag 
Satyagraha movement for independence, the medical 
community witnessed the discovery of insulin and 
the early recognition of metabolic syndrome (MetS) 
by Swedish physician Eskil Kylin. This article draws 
parallels between the historical Satyagraha movement 
and the current fight against MetS, advocating for 
a comprehensive and integrated approach to manag-
ing this syndrome. We explore the multifaceted role 
of sodium-glucose cotransporter-2 inhibitors (SGLT2i) 
in managing MetS, emphasizing their cardioprotective 
and renoprotective benefits.
Materials and methods: A detailed review of exist-
ing literature on MetS, its definitions, prevalence, 
and management strategies was conducted. The 
therapeutic potential of SGLT2i was examined through 
a meta-analysis of randomized controlled trials (RCTs) 
to assess their impact on key components of MetS, 
including fasting plasma glucose, waist circumference 

(WC), blood pressure, body weight, and uric acid levels.
Results and conclusions: SGLT2is, including empagli-
flozin, dapagliflozin, and canagliflozin, demonstrated 
significant efficacy in improving several components 
of MetS. Notably, these agents reduced fasting plasma 
glucose by up to 30.02 mg/dL and WC by 1.28 cm, 
while also providing modest reductions in systolic 
blood pressure and body weight. Additionally, SGLT2is 
were associated with significant reductions in uric acid 
levels, contributing to their renoprotective effects. 
Despite the minimal impact on high-density lipopro-
tein (HDL) cholesterol levels, SGLT2is showed broad 
cardiometabolic benefits, including anti-inflammatory 
effects and modulation of sympathetic nervous system 
activity. Public health initiatives must also prioritize 
lifestyle modifications and early detection to curb 
the rising prevalence of this condition. (Clin Diabetol 
2025; 14, 1: 50–55)

Keywords: metabolic syndrome, SGLT2 inhibitors, 
cardioprotection, renoprotection, public health, 
diabetes, cardiovascular disease, hypertension, 
insulin resistance

Introduction
In 1923, India saw a powerful movement of non-

violent resistance known as the Flag Satyagraha, led by 
Ballav Bhai Patel in Nagpur — a significant moment in 

Address for correspondence: 
Shatavisa Mukherjee
School of Tropical Medicine, Kolkata, West Bengal, India
E-mail: shatavisa100@gmail.com
Clinical Diabetology 2025, 14; 1: 50–55
DOI: 10.5603/cd.102483
Received: 7.09.2024    Accepted: 7.10.2024
Early publication date: 7.11.2024

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

ISSN 2450–7458 
e-ISSN 2450–8187

https://orcid.org/0000-0002-9199-0905
https://orcid.org/0000-0001-9524-1525
https://doi.org/10.5603/cd.102483


Shambo Samrat Samajdar et al., Satyagraha Against Metabolic Syndrome

51

the nation’s struggle for independence [1]. In the same 
year, medical science celebrated a milestone with the 
awarding of the Nobel Prize for the discovery of insu-
lin, forever transforming the management of diabetes 
[2]. However, a lesser-known yet profoundly important 
development from 1923 also merits attention: the iden-
tification of metabolic syndrome (MetS) by Swedish 
physician Eskil Kylin, who described a pathological triad 
of hypertension, hyperglycemia, and hyperuricemia 
[3]. This syndrome, first observed over a century ago, 
continues to pose a significant threat to global health, 
and its growing prevalence demands a robust response.

As we reflect on the enduring spirit of resistance 
embodied by the Satyagraha movement, it is time to 
channel that same energy into combating MetS, which 
has emerged as a silent epidemic. Just as the Satyagraha 
sought to dismantle colonial oppression, our modern 
“Satyagraha” must be directed against the interlinked 
pathologies that constitute MetS, which collectively 
increase the risk of cardiovascular diseases (CVD), dia-
betes, and other life-threatening conditions.

The challenge of metabolic syndrome
MetS is a constellation of interrelated risk fac-

tors that includes central obesity, insulin resistance, 
dyslipidemia, hypertension, and hyperuricemia. These 
factors collectively elevate the risk of developing CVD 
and type 2 diabetes (T2D), making MetS a significant 
public health concern. The World Health Organization 
(WHO) first conceptualized MetS in 1998, emphasizing 
insulin resistance as a mandatory criterion alongside 

obesity, dyslipidemia, and hypertension [4]. Subsequent 
definitions by the European Group for the Study of 
Insulin Resistance (EGIR) in 1999 [5], the American As-
sociation of Clinical Endocrinologists (AACE) in 2003 
[6], the International Diabetes Federation (IDF) in 2005 
[7], and the National Cholesterol Education Program 
Adult Treatment Panel III (NCEP ATP III) in 2000 [8], 
have further refined the diagnostic criteria, each add-
ing nuances based on regional and clinical perspectives. 
Despite the variations in definitions, the prevalence of 
MetS is consistently high, particularly in urban popula-
tions and among women. Studies in India suggest that 
the age-adjusted prevalence of MetS is approximately 
25%, with higher rates in women compared to men 
[9]. This high prevalence, coupled with the syndrome’s 
role as a precursor to several chronic conditions, under-
scores the need for heightened awareness and more 
effective screening and management strategies. The 
clustering of risk factors, particularly in populations 
like the Indian Armed Forces, where fitness levels are 
typically high, highlights the insidious nature of MetS 
and the importance of early intervention [10]. In ad-
dition, recent research highlights that anthropometric 
measures, such as waist, hip, and mid-thigh circumfer-
ences, can serve as easy and inexpensive markers for 
predicting T2D, even in resource-constrained settings, 
thereby reinforcing the importance of early detection 
and intervention in populations at risk [11].

Table 1 summarizes the various definitions of MetS, 
highlighting the differences in mandatory and addi-
tional criteria across the major health organizations.

Table 1. Definitions of Metabolic Syndrome

Organization Year Mandatory criterion Additional criteria Diagnosis

WHO [4] 1998 Insulin resistance Waist-hip ratio [> 0.90 (M), > 0.85 (F)], BMI > 30 kg/m², 

TG ≥ 150 mg/dL, HDL < 35 mg/dL (M), < 39 mg/dL (F), 

BP ≥ 140/90 mmHg, microalbuminuria

Insulin resistance 

+ ≥ 2 other criteria

EGIR [5] 1999 Hyperinsulinemia 

(plasma insulin  

> 75th percentile)

WC ≥ 94 cm (M), ≥ 80 cm (F), TG ≥ 177 mg/dL,  

HDL < 39 mg/dL, BP ≥ 140/90 mmHg

Hyperinsulinemia 

+ ≥ 2 other criteria

AACE [6] 2003 None BP ≥140/90 mmHg, fasting glucose 110–125 mg/dL,  

TG ≥ 150 mg/dL, family history of diabetes, hyperten-

sion, or CVD, sedentary lifestyle

≥ 2 criteria plus 

family history or 

sedentary lifestyle

IDF [7] 2005 Central obesity  

[WC ≥ 94 cm (M),  

≥80 cm (F)]

Fasting glucose ≥100 mg/dL, TG ≥ 150 mg/dL,  

HDL < 40 mg/dL (M), <50 mg/dL (F), BP ≥ 130/85 mmHg

Central obesity  

+ ≥ 2 other criteria

NCEP ATP III [8] 2000, 

revised 

2005

None WC > 40 inches (M), > 35 inches (F), fasting glucose  

≥ 100 mg/dL, HDL < 40 mg/dL (M), < 50 mg/dL (F),  

BP ≥ 130/85 mmHg

≥ 3 criteria

AACE — American Association of Clinical Endocrinologists; BMI — body mass index; BP — blood pressure; CVD — cardiovascular disease; EGIR — Euro-
pean Group for the Study of Insulin Resistance; F — female; HDL — high-density lipoprotein; IDF — International Diabetes Federation; M — male; NCEP 
ATP III — National Cholesterol Education Program Adult Treatment Panel III; TG — triglycerides; WC — waist circumference; WHO — World Health Or-
ganization
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Recent studies underscore the importance of 
a comprehensive approach to the management of 
MetS, which should address not only hyperglycemia 
but also other components like hyperuricemia and 
hypertension. Among the therapeutic strategies that 
have shown promise is the use of sodium-glucose 
cotransporter-2 inhibitors (SGLT2i). These agents, 
initially developed for the management of T2D, have 
demonstrated pleiotropic benefits that extend beyond 
glycemic control.

SGLT2 inhibitors: a comprehensive appro-
ach to metabolic syndrome

SGLT2i have increasingly been recognized for their 
multifaceted role in managing MetS, a condition char-
acterized by a cluster of interrelated risk factors, includ-
ing insulin resistance, central obesity, dyslipidemia, 
hypertension, and hyperuricemia. In a comprehensive 
meta-analysis [12] involving 26,427 patients, SGLT2i 
demonstrated significant efficacy in improving several 
key components of MetS. Specifically, SGLT2i, including 
dapagliflozin and empagliflozin, were associated with 
a mean reduction in fasting plasma glucose (FPG) of up 
to 30.02 mg/dL at higher doses (10 mg), while lower 
doses (2.5 mg) showed a minimal impact on FPG. Fur-
thermore, these agents reduced WC by an average of 
1.28 cm, highlighting their beneficial effects on central 
obesity, a core feature of MetS [12].

In addition to glycemic control, SGLT2i have shown 
a modest yet meaningful impact on systolic blood pres-
sure (SBP), with reductions averaging 1.37 mmHg. No-
tably, dapagliflozin exhibited a more pronounced effect 
on SBP compared to empagliflozin, possibly due to dif-
ferences in the number of randomized controlled trials 
(RCTs) analyzed and the baseline characteristics of the 
study populations. Although the reduction in diastolic 
blood pressure (DBP) was not statistically significant, 
the overall cardiometabolic profile of patients treated 
with SGLT2i improved significantly [12].

SGLT2i also exert beneficial effects on body weight 
(BW) and uric acid (UA) levels, both of which are cru-
cial in the management of MetS. The use of SGLT2i 
resulted in an average weight loss of 1.79 kg, which is 
particularly important given the role of obesity in the 
pathogenesis of MetS. Additionally, these inhibitors 
significantly reduced UA levels by 1.03 mg/dL, with da-
pagliflozin showing a more substantial effect compared 
to empagliflozin [12]. This reduction in UA is clinically 
relevant, given the strong association between hyper-
uricemia and both MetS and CVD.

Despite these promising outcomes, the effect of 
SGLT2i on high-density lipoprotein (HDL) cholesterol 
was not significant, as indicated by a non-significant 

change in HDL levels across the analyzed studies [12]. 
This finding contrasts with the improvements observed 
in other MetS components and may reflect the hetero-
geneity in the study designs, patient populations, and 
treatment durations included in the analysis.

The mechanisms by which SGLT2i improve MetS 
components are multifactorial and include enhanced 
glucosuria, osmotic diuresis, natriuresis, and modula-
tion of key metabolic pathways. These effects contrib-
ute to improvements in insulin sensitivity, blood pres-
sure regulation, and lipid metabolism, making SGLT2i 
a valuable tool in the integrated management of MetS 
[13]. Furthermore, the upregulation of glucose trans-
porter 9, which facilitates UA excretion in the kidneys, 
and the modulation of genes involved in lipid metabo-
lism, such as peroxisome proliferator-activated receptor 
alpha (PPAR-α) and adenosine monophosphate-activat-
ed protein kinase (AMPK), further underscore the broad 
cardiometabolic benefits of these agents [14, 15].

SGLT2i offer a comprehensive approach to man-
aging MetS by targeting multiple risk factors simulta-
neously. While the improvements in individual MetS 
components may be modest, the cumulative ben-
efits, particularly in reducing cardiovascular risk and 
improving overall metabolic health, position SGLT2i 
as a cornerstone in the treatment of MetS. Further 
research, particularly in the form of long-term RCTs, 
is warranted to fully elucidate the potential of SGLT2i 
in comparison to existing therapeutic strategies and 
lifestyle interventions.

A call for action: a modern Satyagraha
The parallels between the historical Satyagraha 

movement and the modern fight against MetS are 
compelling. Just as the Satyagraha movement was 
grounded in the principles of truth and nonviolent re-
sistance, the contemporary battle against MetS must 
be rooted in scientific evidence and a commitment to 
holistic, patient-centered care. This new “Satyagraha” 
calls for healthcare providers to adopt an integrated ap-
proach that addresses the multifactorial nature of MetS.

Furthermore, this movement should extend be-
yond the clinic and into the community. Public health 
initiatives that promote lifestyle modifications — such 
as healthy diets, regular physical activity, and weight 
management — are essential in preventing the onset of 
MetS. Additionally, increasing public awareness about 
the condition and its long-term risks is crucial for early 
intervention and effective management.

MetS, once a debated concept, is now universally 
acknowledged as a critical public health issue both 
globally and in India. MetS is characterized by a cluster 
of risk factors, including central obesity, insulin resist-
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ance, dyslipidemia, hypertension, and hyperuricemia, 
all of which significantly elevate the risk of CVD and 
T2D. Given the widespread prevalence and serious 
health implications of MetS, it should be a primary 
focus for public health policymakers and healthcare 
professionals.

Preventing and managing MetS effectively requires 
two core strategies: encouraging regular physical activ-
ity and maintaining a healthy diet. Public health guide-
lines emphasize the necessity of these lifestyle modifi-
cations. Physical activity recommendations, outlined in 
Table 2, suggest a minimum of 150 minutes per week 
of moderate-intensity aerobic exercise, such as brisk 
walking, or 75 minutes of vigorous-intensity activity. For 
those seeking optimal health benefits, increasing this 
to 300 minutes per week of moderate exercise or 150 
minutes of vigorous exercise is advisable. Additionally, 
muscle-strengthening exercises should be incorporated 
into routines 2 to 3 times a week, focusing on major 
muscle groups. Flexibility exercises, including yoga, 
should also be practiced regularly to improve overall 
physical health [16–18].

Equally important is dietary management, as de-
tailed in Table 3. The guidelines recommend a balanced 

diet where total fat intake is limited to less than 30% of 
daily calories, with an emphasis on polyunsaturated and 
monounsaturated fats. Saturated fats should constitute 
less than 10% (preferably under 7%) of total calories, 
and trans-fatty acids should be eliminated entirely. Re-
fined sugars should make up less than 10% of caloric 
intake, and daily salt consumption should be restricted 
to under 5 grams. A diet rich in whole grains, legumes, 
fruits, vegetables, and low-fat dairy products is strongly 
advised, while foods high in cholesterol and unhealthy 
fats should be minimized [17, 19–21].

Public health initiatives should extend beyond 
individual counseling and include community-wide 
efforts to promote an active lifestyle and healthy 
eating habits. Encouraging simple lifestyle changes, 
such as using stairs instead of elevators, opting for 
walking or cycling instead of driving, and standing 
while on the phone, can significantly aid in the pre-
vention of MetS.

Early detection of MetS is also crucial. Regular 
screening for central obesity, particularly through WC 
measurements by healthcare workers, provides an ef-
fective and straightforward method for identifying 
individuals at risk.

Table 2. Recommendations for Physical Activity to Prevent and Manage Metabolic Syndrome [16–18]

Exercise type Minimum recommendation Optimal recommendation

Endurance exercises 150 min/week of moderate-intensity aerobic activity 

(e.g., 30 min/day, 5 days/week) or 75 min/week of 

vigorous-intensity activity

300 min/week of moderate-intensity aerobic activity 

(e.g., 60 min/day, 5 days/week) or 150 min/week of 

vigorous-intensity activity

Muscle-strength-

ening

Exercises involving major muscle groups on 2–3 days 

per week

Exercises involving major muscle groups on 2–3 days 

per week

Flexibility exercises Gentle stretching (including yoga) for 5–10 min be-

fore and after exercise sessions

Gentle stretching (including yoga) for 5–10 min before 

and after exercise sessions

Lifestyle modifica-

tions

Incorporate physical activity into daily routines, such 

as using stairs, walking, cycling, and standing during 

phone calls

Maintain an active lifestyle with a conscious effort to 

reduce sedentary habits and integrate more physical 

movement into daily activities

Table 3. Dietary Guidelines for the Prevention and Control of Metabolic Syndrome [17, 19–21]

Nutritional element Guideline

Total fats Less than 30% of daily calories, preferably under 20%

Saturated fats Less than 10% of daily calories, preferably under 7%

Trans-fatty acids Should be eliminated from the diet

Polyunsaturated/monounsaturated fats Polyunsaturated fats up to 10% of calories, monounsaturated fats 10–15%

Refined sugars Less than 10% of daily caloric intake

Salt Less than 5 grams per day

Dietary cholesterol Less than 300 mg per day

Dietary recommendations Emphasize whole grains, legumes, fruits, vegetables, and low-fat dairy products. 

Minimize gravied, fried, creamed, and sugared foods
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Furthermore, there is a pressing need for targeted 
research into the etiology, epidemiology, and manage-
ment of MetS, especially within the Indian context. 
Developing culturally tailored, evidence-based defini-
tions and cut-off values for key parameters such as WC, 
waist-hip ratio, and fasting plasma glucose is essential 
for more accurate diagnosis and treatment of MetS 
in the Indian population. By prioritizing these public 
health measures and supporting them with focused 
research, we can substantially reduce the burden of 
MetS and its related health complications.

This structured approach, integrating both physical 
activity and dietary modifications, provides a compre-
hensive framework for the prevention and manage-
ment of MetS, addressing both individual and com-
munity health needs.

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) 
have emerged as a cornerstone in the battle against 
MetS, offering a comprehensive approach that ad-
dresses multiple aspects of this syndrome. SGLT2is, such 
as empagliflozin, dapagliflozin, and canagliflozin, have 
shown considerable promise in improving glycemic 
control, reducing body weight, lowering blood pres-
sure, and decreasing uric acid levels. Beyond their glu-
cose-lowering effects, these agents confer significant 
cardioprotective and renoprotective benefits, making 
them a powerful tool in the integrated management 
of MetS.

Table 4 summarizes the cardiometabolic benefits 
of SGLT2i, emphasizing their broad impact on various 
aspects of MetS and highlighting their role as a com-
prehensive treatment strategy.

The mechanisms by which SGLT2i exert their 
benefits are multifaceted. These agents reduce blood 
glucose levels by inhibiting glucose reabsorption 
in the renal proximal tubule, leading to glucosuria. 

This effect is independent of insulin and provides 
glycemic control even in patients with insulin resist-
ance. Additionally, SGLT2is promote osmotic diuresis 
and natriuresis, contributing to reductions in plasma 
volume, blood pressure, and arterial stiffness. These 
effects not only improve metabolic parameters but 
also mitigate the risk of heart failure and other car-
diovascular events [22].

Recent studies have also highlighted the anti-
inflammatory properties of SGLT2is, which play a cru-
cial role in reducing atherosclerosis and endothelial 
dysfunction — key drivers of CVD in MetS patients. By 
downregulating markers of inflammation, such as IL-1β, 
IL-6, and TNF-α, and improving lipid profiles, SGLT2is 
help to stabilize plaques and reduce the risk of adverse 
cardiovascular outcomes [23].

SGLT2is have been shown to modulate sympa-
thetic nervous system (SNS) activity, which is often 
upregulated in patients with MetS and contributes to 
hypertension and insulin resistance. By reducing SNS 
activation, SGLT2is not only lower blood pressure but 
also enhance metabolic control, offering a dual benefit 
in managing both hypertension and insulin resistance 
[22, 24].

The comprehensive benefits of SGLT2is extend 
beyond the individual components of MetS, provid-
ing a holistic approach to managing this complex 
syndrome. As healthcare providers, it is imperative 
to embrace these therapeutic advancements and 
integrate them into our treatment strategies. Public 
health initiatives must also prioritize lifestyle modifica-
tions, such as promoting physical activity and healthy 
dietary habits, to prevent the onset of MetS. Early 
detection and intervention, particularly in high-risk 
populations, are crucial for curbing the global burden 
of this condition.

Table 4. Beneficial Effects of SGLT2 Inhibitors on Cardiometabolic Health [15, 22]

Cardiometabolic aspect Impact of SGLT2 inhibitors

Blood pressure Reduction in systolic BP (approx. -1.37 mmHg)

Greater reduction observed with dapagliflozin vs. empagliflozin

Glycemic control Reduction in fasting plasma glucose (up to -30.02 mg/dL)

HbA1c reduction (-0.68%)

Weight management Average weight reduction (-1.79 kg)

Lipid profile Minimal impact on HDL; however, improvements in triglycerides in animal models

Renal protection Reduction in uric acid levels (-1.03 mg/dL)

Renoprotective effects, including reduced albuminuria

Anti-inflammatory effects Reduction in inflammatory markers (e.g., IL-1β, IL-6)

Sympathetic nervous system Modulation of SNS activity, reducing blood pressure and enhancing metabolic control

BP — blood pressure; IL — interleukin, HbA1c — glycated hemoglobin; HDL — high-density lipoprotein; SGLT2i — sodium-glucose cotransporter-2 inhibi-
tors; SNS — sympathetic nervous system
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In conclusion, just as the Flag Satyagraha played 
a pivotal role in India’s fight for independence, a mod-
ern Satyagraha against MetS can be instrumental in 
combating the escalating prevalence of this condition. 
By leveraging the full therapeutic potential of SGLT2i 
and fostering a culture of prevention and early inter-
vention, we can make significant strides in improving 
public health outcomes and reducing the burden of 
chronic diseases associated with MetS.
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Small Steps, Big Changes: The Impact of 
Daily Step Counts on Diabetes Prevention 
and Management — A Systematic Review

ABSTRACT
Objective: Physical activity is one of the primary com-
ponents of non-pharmacological therapy for impaired 
glucose metabolism. The following study aimed to 
investigate the impact of daily step counts on the 
prevention and management of type 2 diabetes (T2D).
Materials and methods: A systematic review of 15 pub-
lications available from scientific databases (PubMed, 
Medline, Google Scholar, WOS) spanning the period 
2014–2024 was conducted.
Results: Daily physical activity, which can be measured 
indirectly by the daily step count, has been shown 
to reduce overall morbidity and mortality from T2D. 
Optimal effects on glucose metabolism are seen with 
a daily step count ranging from 4500 to 9000 per day. 
Going beyond this range is not associated with a direct 
health benefit for T2D prevention and management.
Conclusions: Advising patients with glucose metabolism 

disorders, such as T2D, to take at least 10,000 steps per 
day is not recommended due to the lack of metabolic 
benefits and potential discouragement of setting too 
high of a goal. Recommending at least 4500 steps per 
day appears to be more appropriate. (Clin Diabetol 
2025; 14, 1: 56–64)

Keywords: steps per day, diabetes, physical activity, 
treatment; monitoring, prevention

Introduction
Diabetes mellitus is one of the most prevalent 

chronic diseases worldwide, with an increasing in-
cidence. The IDF (International Diabetes Federation) 
estimates that there are currently 537 million people 
aged 20–79 years with diabetes globally, regardless of 
etiology. This number is projected to reach 643 million 
in 2030, and by 2045 it could be as high as 783 mil-
lion. It also poses an extremely difficult challenge for 
modern medicine, not only because of its prevalence 
in the population but also because of the number of 
deaths caused by it and the huge economic costs as-
sociated with the disease. In 2021, diabetes accounted 
for approximately 6.7 million deaths annually, and its 
financial burden is estimated at $966 trillion [1]. 

Pharmacological treatment of this disease is based 
on insulin therapy as well as non-insulin drugs. It has 
been suggested that a daily walking habit combined 
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with the use of an oral hypoglycemic drug helps 
achieve better control of type 2 diabetes (T2D) [2]. 
Non-pharmacologic management of all patients with 
diabetes includes ongoing education and adequate 
personalized nutritional management, regular physical 
activity, avoidance of stimulants (e.g., smoking ces-
sation), psychological support, proper sleep hygiene, 
and maintenance of normal weight or reduction of 
excessive weight [3].

Physical activity, which is associated with a better 
quality of life, can reduce morbidity and mortality from 
many chronic diseases, including diabetes [4]. The steps 
count taken per day is a simple measure of physical 
activity. Monitoring daily steps is now easier than ever 
because applications, smartwatches, wristbands, etc. 
are becoming increasingly available and popular [5]. For 
all patient groups, doing a certain amount of physical 
activity is better than none [4]. 

The main aim of this paper was to explore the re-
lationship between taking a certain number of steps 
daily and the prevention and effectiveness of diabetes 
treatment.

Materials and methods
A systematic review of publications in the PubMed, 

Medline, Web of Science, and Google Scholar data-
bases was conducted using the keywords “diabetes” 
and “daily step count”. Initially, 450 articles were ob-
tained. Then the time criterion was set to the period 
2014–2024. One article from 2012 [6] was included due 
to its high value of content. As a result of eliminating 
duplicate articles and setting the time criterion, 134 
papers were obtained. Then only full-text papers were 
included — 98 of them were received. Then, the au-
thors analyzed the titles and abstracts of all papers and 
selected 17 articles for inclusion in the final analysis.

The impact of physical activity on the course of 
glucose metabolism disorders from a molecu-
lar perspective 

During any physical activity, there is an increased 
uptake of glucose into active skeletal muscle cells 
through insulin-independent pathways [7]. Regular 
physical activity improves systemic and hepatic insulin 
sensitivity, counteracting the progression of insulin re-
sistance in T2D. Physical activity has also been shown to 
improve the secretory functioning of pancreatic β-cells 
and impact the functioning of the intestinal microflora 
[7, 8]. The process of glucose uptake from the extra-
cellular fluid into the skeletal muscle cell is mediated 
by 2 families of proteins found in the cell membrane: 
solute carriers family 2 (SLC2), which includes 14 
glucose transporters (GLUT1-14), and solute carriers 

family 5 (SLC5), which includes 6 sodium-dependent 
glucose cotransporters (SGLT1-6). The GLUT4 isoform is 
most abundant in skeletal muscle cells, where it moves 
from intracellular vesicles to the cell surface when ex-
posed to physical activity, playing a significant role in 
glucose transport into muscle. It is worth noting here 
that in diabetes, there is an impairment of insulin-
stimulated GLUT4 translocation to the cell surface, 
while exercise-induced translocation remains intact 
[9]. In the cell, glucose becomes phosphorylated by 
hexokinase, forming glucose-6-phosphate. According 
to some studies, aerobic training increases hexokinase 
activity [9]. Glucose is stored in the cell as glycogen. It 
is known that aerobic activity increases the level and 
rate of expression of glycogen in the cell (walking up 
stairs can intensify glycogen synthesis in the muscles 
by up to 2 times). The process of glycolysis in the cell 
takes place after fructose-6-phosphate is converted to 
fructose-1,6-bisphosphate by the enzyme phospho-
fructokinase (PFK). Studies have shown a more than 
twofold increase in PFK activity in association with 
aerobic training. Therefore, it can be concluded that 
regular physical activity induces a beneficial effect on 
systemic glucose homeostasis in every aspect occurring 
at the molecular level [9].

Muscle cells receive fatty acids through chylomi-
crons, the number of which remain unchanged, even 
with chronic training. Instead, total cholesterol (TC) 
and low-density lipoprotein cholesterol (LDL-C) levels 
decrease, while high-density lipoprotein cholesterol 
(HDL-C) concentrations increase. It is worth noting that 
lipids could be the substrate in short-interval light- to 
moderate-intensity exercise [10]. Triacylglycerol lipase 
of fatty acids is characterized by increased activity 
during training compared to resting [11]. All these 
processes prove that physical exercise in any form has 
health-promoting effects in the context of molecular 
mechanisms. A summary of the molecular mechanisms 
of the effects of physical activity on carbohydrate and 
lipid metabolism is shown in Figure 1.

Daily step count and its health effects
When giving recommendations to patients on the 

appropriate amount of physical activity, doctors often 
face the problem of defining the appropriate length or 
intensity. In 2004, Tudor-Locke and Bassett proposed 
a classification of physical activity according to the 
daily step count [12]. 

Daily step count vs. overall mortality
It is widely believed that a daily step count appro-

priate for good health is 10,000, but there is only lim-
ited scientific evidence to support this thesis. Moreover, 
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recommending this scale of activity to a patient may 
discourage people from following it, intensifying a sed-
entary lifestyle. Saint-Maurice, in a study in a group of  
4840 people, observed that a higher daily number  
of steps was associated with a reduction in overall mor-
tality. According to them, walking 8000 steps per day 
significantly reduced all-cause mortality compared to 
4000 steps per day (HR = 0.49; 95% CI = 0.44–0.55), 
similarly for 12,000 steps per day (HR = 0.35; 95% 
CI = 0.28–0.45). Interestingly, mortality was not af-
fected by walking intensity [13]. Similar conclusions 
were made by Paluch et al. in their meta-analysis of 
15 studies (n = 47,471). They divided the subjects into 
4 groups, depending on the median daily number of 
steps, respectively: 3553, 5801, 7842, and 10,901. 
The HR for mortality compared to group one was, re-
spectively: HR = 0.60; 95% CI = 0.51–0.71 for group 
two; HR = 0.55; 95% CI = 0.49–0.62 for group three; 
and HR = 0.47; 95% CI = 0.39–0.57 for group four 
[14]. This means that taking up physical activity re-
duces mortality from any cause; however, there is no 
definitive ratio between these phenomena. In a meta-
analysis, Stens et al. (n = 111,309) found that taking 
2517 steps per day reduces the risk of death from any 
cause (HR = 0.92; 95% CI = 0.84–0.999). This rela-
tionship was observed up to 8763 steps (HR = 0.40; 
95% CI = 0.38–0.43). Above this value, a significant 
decrease in mortality was no longer observed, so 8800 
steps per day was defined as the health optimum [15]. 
Moreover, Sheng et al. (n = 132,674) indicated that 
a 1000-step increment is associated with an 11% re-

duction in mortality (RR = 0.87; 95% CI = 0.84–0.91). 
In another subgroup of this study (n = 130,209), the 
authors observed that taking 6893 steps per day versus 
4228 steps was associated with a 21.6% lower risk of 
death from any cause, and taking 9188 steps per day 
was associated with a 36.65% lower risk (RR = 0.31, 
95% CI = 0.23–0.42) [16]. A Polish meta-analysis by 
Banach et al. (n = 226,889) found that increasing 
the number of steps by 1000 per day was associated 
with a reduced risk of death from any cause by 15% 
(HR = 0.85; 95% CI = 0.81–0.91). In addition, daily step 
numbers of 5537, 7370, and 11,529, were associated 
with 48, 55, and 67% lower mortality rates, respec-
tively, compared with 3867 steps [17]. Jayedi et al. in 
their meta-analysis indicated that each additional 1000 
steps were associated with lower mortality (HR = 0.88; 
95% CI = 0.83–0.93), as was a total of 10,000 steps 
(HR = 0.44; 95% CI = 0.31–0.63) [18]. A similar num-
ber of steps was indicated by Del Pozo Cruz et al. 
(n = 78,500). According to them, it was associated with 
lower overall mortality [mean rate of change (MRC) = 
= –0.08; 95% CI = –0.11, –0.06] [19]. Ahmadi et al. 
(n = 72,174) defined the minimum daily step count as 
4000–4500, and the best in reducing the risk of mortal-
ity from any cause as 9000–10,500 (HR = 0.61; 95%  
CI = 0.53–0.71 for high sedentary time and HR = 0.69; 
95% CI = 0.52–0.92 for low sedentary time) [20]. The 
results of the above studies suggest that there is no 
single and universal answer to the question of the op-
timal daily number of steps. Based on these studies, 
even at just 4000 steps per day, there may be health 

Figure 1. Molecular Mechanism of the Effect of Physical Activity on Carbohydrate and Lipid Metabolism [7–11]
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benefits, and increasing this number by 1000 steps is 
associated with a significantly lower risk of death from 
any cause. The mortality benefit is proportional to the 
increase in steps up to 8000–9000 per day.

Interestingly, measuring the number of steps using 
a wrist pedometer can be characterized by an overes-
timation of the number of steps, falsifying the results. 
On the other hand, using a much more precise accel-
erometer requires a minimum speed of 67 m/min for 
the measurement to be reliable [16]. In addition, it is 
indicated that an accelerometer placed near the waist 
performs better than one on the wrist [21]. This shows 
that the accuracy of measurements is also affected by 
the selection of the right device.

Daily steps and progression and treatment  
outcomes of diabetes

Impact on anthropometric measurements
Majoo et al. conducted a study in a group of 190 

people with an average duration of diabetes of 10 
years. The average number of steps in this group was 
5338, which was characterized as low physical activity. 
Increasing the number of steps by a standard deviation 
value (SD = 2609) was associated with a significant 
reduction in BMI by 1.6 kg/m2 (95% CI = –2.4, –0.8), 
waist circumference by 4.6 cm (95% CI = –6.4, –2.8), 
and waist–hip ratio (WHR) by 0.01 (95% CI = –0.02, 
–0.00). In addition, increasing the number of steps 
by the SD value resulted in a decrease in HbA1c by 
0.21% (95% CI = –0.41, –0.02), but when adjusted for 
BMI, WC, or WHR the change was not significant [6]. 
Herzig et al. (n = 78) noted that taking at least 6520 
steps per day or walking for 90 minutes at a speed of 
2–3 km/h resulted in a statistically significant reduction 
in low-density lipoprotein (LDL) levels by 0.7 mmol/L 
(95% CI = 0.1–1.2) and visceral fat area by 16 cm2 
(95% CI = 7–25) in a 3-month follow-up. In contrast, 
they found no significant relationship between the 
daily number of steps and glucose and insulin levels 
at fasting and 2 h after main meals, or the HOMA-IR 
index [22]. Improving these indices as components of 
the metabolic syndrome would enable better control of 
diabetes. On the other hand, Nakanishi et al. (n = 236), 
in a 12-month follow-up, noted that patients taking at 
least 7500 steps per day were significantly more likely 
to reduce BMI (HR = 4.54; 95% CI = 1.48–13.920) and 
visceral fat volume (HR = 6.96; 95% CI = 1.98–24.45), 
independently of sedentary time and waist circumfer-
ence at high ST segment on electrocardiography (ECG) 
(HR = 5.27; 95% CI = 1.69–16.47) [23]. Thus, they 
indicated that physical activity is an important compo-
nent of diabetes treatment. Ferrari et al. in a study in 

Latin American countries (n = 2524) observed a weak 
negative correlation between daily step count and 
BMI (r = –0.17; p < 0.05) and waist circumference  
(r = –0.16; p < 0.05) [24]. The above data suggest 
that taking an adequate number of steps (6500–8000) 
is associated with beneficial effects on metabolic and 
anthropometric parameters, particularly BMI and adi-
pose tissue volume.

Impact on the risk of developing type 2 diabetes 
and carbohydrate metabolism

Kraus et al. (n = 7118) divided their study group 
into 4 cohorts according to average number of steps: 
1831, 4652, 7096, and 11,240. The authors observed 
that increasing the daily number of steps by 2000 to 
10,000 steps resulted in a 5.5% significantly lower 
risk of developing diabetes (HR = 0.95; 95% CI =  
= 0.92–0.97). The aforementioned number of steps 
corresponds to about 20 minutes of walking at a mod-
erate pace [25]. Cuthbertson et al. in a study in a group 
of 6634 U.S. residents of Hispanic origin observed that 
each 1000-step increase was associated with a 2% 
decrease in the risk of developing diabetes (HR = 
= 0.98; 95% CI = 0.95–1.0). Moreover, in adults with 
pre-diabetes, taking 10,000 steps resulted in a 26% 
lower risk of developing diabetes compared to 3400 
steps (HR = 0.74; 95% CI = 0.58–0.95) [26]. The lower 
risk of diabetes in this case was mainly related to the 
reduction of obesity as one of the main factors in  
the development of this disease, as well as improvements 
in muscle glucose transport and metabolism [26, 27]. 
Ballin et al. in a study in a group of 3055 seniors in their 
70s observed that a reduction in diabetes risk is most 
strongly associated with 4500 steps per day, decreas-
ing slightly at 6000 steps, and stabilizing at 8000 steps 
a day. Those with ≥ 4500 steps per day had a 59% lower 
risk of developing diabetes than those with a lower step 
count (HR = 0.41; 95% CI = 0.25–0.66). The authors 
identified physical activity as a factor that reduces insu-
lin resistance by affecting muscle glucose metabolism 
and reducing the visceral adipose tissue [28]. Other 
conclusions were reached by Perry et al. (n = 5677). 
They noted that any increase in daily steps is reflected 
in a reduction in diabetes risk. With an increase from 
6000 to 10,700, the risk decreased by 44% (95% CI =  
=15–63%). At an activity of 4301 (10th percentile) the 
predicted cumulative incidence of the disease was 2.3% 
(95% CI = 1.4–3.3%), and at 13,245 steps (90th per-
centile) it was already 0.8% (95% CI = 0.3–1.3%) over 
5 years. This represents as much as a 3-fold decrease. 
Moreover, the result was not influenced by BMI, length 
of time spent sedentary, or age and gender [29]. Mas-
ter et al. (n = 6042) observed a decrease in the risk of 
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diabetes with an increase in the number of steps up 
to about 9000, while after that it remained constant. 
Moreover, increasing the number of steps resulted in 
a 36-50% decrease in BMI [30]. 

Siddiqui et al. (n = 95) observed that an increase in 
the average daily number of steps from 4610 to 7245 
in the study group resulted in a statistically significant 
decrease in HbA1c of 1.04% over 3 months. In the 
control group, taking an average of up to 3431 steps 
per day, an increase in HbA1c of 0.86% was observed. 
In contrast, there was no significant change in BMI 
values in either group. The authors concluded that 
taking at least 7000 steps per day has a positive effect 
on glycemic levels in the diabetic patient population 
[31]. Wang et al. (n = 9509) observed that taking at 
least 5000 steps per day reduces average weekly glu-
cose levels by about 13 mg/d (95% CI = –22.6; –3.14). 
An extra day of taking > 8000 steps reduces average 
weekly glucose levels by 0.47 mg/d (95% CI = –0.77; 
–0.16) [32]. Similar conclusions were made by Dhali et 
al. in their review. They noted that increased physical 
activity resulted in a decrease in fasting glucose levels by  
12.37 mg/d, (95% CI = –20.06, –4.68) and HbA1c 
by 0.35% (95% CI = –0.70, –0.01) [33]. Kerr et al. in 
a study of 121 Hispanic patients noted that increased 
step count was associated with decreased HbA1c levels 
in those < 50 years of age (r = –0.47; p < 0.005) and 
in those who were overweight (r = –0.429; p = 0.005) 
[34]. Fayehun et al. in a Nigerian study in a group of 121 
diabetic patients noted that a difference of 2913 steps 
between the study and control groups was associated 
with a 0.74% lower HbA1c level (95% CI = –1.32%, 
–0.02%), which indicated a significant improvement 
in control of carbohydrate balance [35]. The results 
from the above studies show a significant relationship 
between daily step count (preferably in the range of 
4500–8000) and parameters of carbohydrate metabo-
lism in patients with T2D.

Impact on systemic complications of type 2 
diabetes

Researchers agree that physical activity, especially 
walking, is fundamental to diabetes treatment [36, 37]. 
It is also one of the effective methods of preventing 
systemic complications of T2D [36–38].

Macroangiopathy
Yu et al. (n = 1415) analyzed the effect of the step 

count on the course of diabetes and its associated 
complications. An increased daily number of steps was 
associated with reduced subclinical myocardial injury 
(lower troponin T [β = –0.207; r = 0.14; p < 0.001]) 
[39]. Zucatti et al. (n = 151) observed that taking > 

> 4873 steps per day was correlated with lower sys-
tolic blood pressure (SBP) values (β = 6.40; 95% CI =  
= 0.31–12.46; p = 0.040), 24-hour SBP (β = 5.32; 95%  
CI = 0.89–9.74; p = 0.019), daytime SBP (β = 6.29;  
95% CI = 1.90–10.69; p = 0.005), and mean daily BP  
(β = 3.24; 95% CI = 0.20–6.28; p = 0.037) [40]. More
over, Yates et al. in a randomized trial (n = 9306) ob-
served that an increase in daily step count by 2000 was 
associated with a decrease in the risk of a cardiovas-
cular event by 10% (HR = 0.90, 95% CI = 0.84–0.96), 
and by 8% (HR = 0.92; 95% CI = 0.86–0.99) after one 
year [41]. Dasgupta et al. (n = 230) noted that an in-
crease of 1000 steps/day was significantly associated 
with a decrease in carotid-femoral pulse wave velocity 
(cfPWV) of 0.13 m/s (95% CI = –0.2, –0.02). CfPWV is 
the gold standard for measuring vessel wall stiffness 
and overall vascular health [42].

Microangiopathy
Yu et al. (n = 1415) showed that higher daily step 

count was associated with significantly better renal 
function and reduced microalbuminuria (lower urine 
albumin/creatinine ratio [β = –0.0268; r = 0.087; 
p < 0.001], and higher glomerular filtration rate  
[β = 0.709; r = 0.16; p < 0.001]) [40]. These data are 
confirmed by a meta-analysis by Cai et al. The authors, 
while not indicating the exact number of steps, note the 
positive effect of physical activity on renal function in 
patients with diabetes. They observed increases in the 
glomerular filtration rate [standardized mean difference 
(SMD) = 0.01, 95% CI = 0.02–0.17] and decreases in 
the urinary albumin creatinine ratio (SMD = −0.53, 
95%  CI  =  −0.72, −0.34), rate of microalbuminuria 
(OR = 0.61, 95% CI = 0.46–0.81), rate of acute kidney 
injury (OR = 0.02, 95% CI = 0.01–0.04), and rate of renal 
failure (OR = 0.71, 95% CI = 0.52–0.97) [43]. Unfortu-
nately, patients with diabetic chronic kidney disease take 
significantly fewer steps per day than patients without 
diabetes (3580 vs. 5628, p = 0.008) [44]. Many studies 
have also reported on the effectiveness of aerobic ex-
ercise and physical activity in preventing and inhibiting 
the progression of microvascular complications of T2D: 
diabetic foot, diabetic neuropathy, or diabetic retin-
opathy [45–52]. However, these studies do not indicate 
the exact cutoff points for the daily number of steps. 
The results of the presented studies lead to the conclu-
sion that aerobic activity, including walking and Nordic 
walking, are essential elements in the prevention and 
treatment of diabetes in the context of its complications.

The above data from the literature review are pre-
sented in Table 1. The effect of the optimal number of 
steps on the development and control of diabetes is 
shown in Figure 2.
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Table 1. The Effect of Daily Step Counts on the Development and Control of Diabetes

Research Country Study 

group

Device used to 

measure steps

Mean num-

ber of steps 

(SD)

Significant 

increase in 

the number 

of steps

Effect of increasing the 

number of steps

Manjoo et al. 2012 

[6]

Canada n = 190 Pedometer 5338 (2609) 2609 ↓ WHR, ↓ BMI, ↓ waist  

circumference, ↓ HbA1c

Herzig et al. 2014 

[22]

Finland n = 78 Accelerometer 5870 (3277) > 6520 ↓ LDL, ↓ visceral fat

Nakanishi et al. 

2021 [23]

Japan n = 236 Pedometer 6666 (2981) 7500 ↓ BMI, ↓ visceral fat,  

↓ waist circumference

Ferrari et al. 2021 

[24]

Chile, Argentina, 

Brazil, Colum-

bia, Costa Rica, 

Venezuela, Peru, 

Ecuador

n = 2524 Accelerometer 10,699 (5148) 1000 ↓ BMI, ↓ waist circumference

Kraus et al. 2018 

[25] 

USA n = 7118 Pedometer 1831 (1151) 2000, up to 

10,000

↓ the risk of developing  

diabetes4652 (659)

7096 (800)

11,240 (2344)

Cuthbertson et al. 

2022 [26]

USA n = 6634 Accelerometer 8164 1000 ↓ the risk of developing  

diabetes

Ballin et al. 2020 

[28]

Sweden n = 3055 Accelerometer 7193 (3072) > 4500 ↓ the risk of developing  

diabetes

Perry et al. 2023 

[29]

USA n = 5677 Accelerometer 7924 All ↓ the risk of developing  

diabetes

Master et al. 2022 

[30]

USA n = 6042 Accelerometer 7731 1000 ↓ the risk of developing  

diabetes,

↓ BMI

Siddiqui et al. 

2018 [31]

South Africa n = 95 Pedometer 4610 (1702) 2635 ↓ HbA1c

7245 (1419) > 7000

Wang et al. 2022 

[32]

USA n = 9509 Pedometer 4833 (3266) ≥ 5000 ↓ glucose

Kerr et al. 2024 

[34]

USA n = 121 accelerometer 7751.9 

(3255.9)

1000 ↓ HbA1c

Fayehun et al. 

2018 [35]

Nigeria n = 46 Pedometer 6507 (1716) 2913 ↓ HbA1c

Yu et al. 2023

[39]

China n = 1415 Pedometer 6370 (4431) 1000 ↓ TnT, ↓ UACR

Zucatti et al. 2017 

[40]

Brazil n = 151 Pedometer 6391 (3357) > 4873 ↓ office SBP, ↓ 24 h SBP,  

↓ daytime SBP, ↓ mean BP

Yates et al. 2014 

[41]

The USA n = 9306 Pedometer — > 2000 ↓ risk of cardiovascular event

Dasgupta et al. 

2017 [42]

Canada n = 230 Pedometer, accel-

erometer

5010 

(2800)

> 1000 ↓ cfPWV

BMI — body mass index; BP — blood pressure; cfPWV — carotid-femoral pulse wave velocity; HbA1c — glycated hemoglobin; LDL — low-density lipo-
protein; n — number; SBP — systolic blood pressure; SD — standard deviation; TnT — troponin T; UACR — urine albumin–creatinine ratio; USA — United 
States of America; WHR — waist–hip ratio
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Conclusions
The daily number of steps affects both mortality 

from any cause and the risk of developing and con-
trolling the course of T2D. Any physical activity has 
positive health effects, but the most beneficial effects 
for are observed in the range of 4500–9000 steps per 
day. Advising patients to take 10,000 or more steps per 
day may negatively affect their motivation to engage 
in activity, while not significantly improving the risk or 
course of T2D.
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