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Editorial

introduction

Diabetic retinopathy (DR) is a leading cause of 
preventable blindness in the world.[1] It is well known 
that there is an important need to prevent and treat 
DR in India, which has a large burden of people with 
diabetes.[2] Hyperglycemia is strongly associated with 
DR. Landmark studies such as the Diabetes Control and 
Complications Trial (DCCT) and the United Kingdom 
Prospective Diabetes Study (UKPDS) have shown that 
intensive glucose control, along with blood pressure 
control, is associated with reductions in the onset and 
progression of DR.[3,4] Nevertheless, it is important 
to understand that there are some nuances which are 
important in understanding the link between glucose 
control and DR, and this will form the basis of this 
article.

rElationship bEtwEEn rapid tightEning of 
glucosE control and worsEning of rEtinopathy

It is well known that there is a temporary worsening of 
DR after intensive glucose control in type 2 diabetes,[5] 
and in type 1 diabetes as well.[6] People with retinopathy 
at baseline seem to be particularly susceptible to a 
worsening of retinopathy; other risk factors for such 
early worsening of retinopathy include longer duration 
of diabetes, the larger amplitude of hemoglobin 
A1C (HbA1c) reduction, the extent of severity of baseline 
retinopathy, and duration of uncontrolled hyperglycemia. 
The mechanisms for such early worsening of DR 
continue to be debated. It has been postulated that both 
good glucose control and insulin therapy may increase 
the production of insulin-like grown factor-1 (IGF-1) and 
that IGF-1 in turn increases the expression of various 
growth factors particularly vascular endothelial growth 
factor (VEGF) – which is a key factor in the pathogenesis 
of retinopathy. VEGF leads to the worsening of 
retinopathy through new vessel formation and blood 
vessel leakage. These problems might be more severe in 
people with underlying retinopathy because studies have 
shown that improved glucose control in the presence of 
preexisting retinal hypoxia and retinopathy may impart 
a higher vulnerability to worsening of retinopathy.[6] 
Recent studies have identified this early worsening as a 

transient problem, and it has been suggested that fundus 
abnormalities would disappear by 18 months, and 
eventually, long-term glucose control is beneficial for the 
preventing worsening of retinopathy.[4] Taken together 
these studies continue to endorse the view that glucose 
control is beneficial; caution, however, may be warranted 
before embarking on intensive glucose control therapy in 
subjects with very high glucose levels, with long duration 
of uncontrolled hyperglycemia, and who also have 
severe DR at baseline. In such patients, a more gradual 
return to normoglycemia, bringing HbA1c to below 
7% over 6 months or more may be appropriate-though 
therapy has to be individualized.

glycEmic variability and rEtinopathy

It is well known that glycemic variability is associated 
with DR. This has come to be of importance with the 
concept of TIR (percentage time spent with glucose levels 
between 70 and 180 mg/dl) with continuous glucose 
monitoring. The time in range is said to be an index of 
glycemic variability because if a smaller proportion of 
time is spent in range, then that must mean that the time 
above/below range must be larger, and by implication, a 
lower time in range points to greater glycemic variability. 
In a recent international study, it has been shown that 
a decrease in the time in range was associated with an 
increase in DR.[7] In a recent case–control study from 
India, indices of glycemic variability, including time 
in range, were numerically worse in people with type 2 
diabetes with retinopathy as compared with people 
with type 2 diabetes and no retinopathy, though these 
differences were not statistically significant.[8] This 
study also showed that a lower proportion of elderly 
subjects (>65 years) with DR could maintain time 
below range targets compared with those with diabetes 
and no DR (P < 0.05), suggesting that this population 
is particularly prone to hypoglycemias. Clearly, given 
the complex association between glucose control and 
retinopathy, and given the possibility of early worsening 
of retinopathy with very intensive control, more evidence 
needs to be built around the concept of glycemic 
variability and the impact of treating it, especially with 
regard to DR outcomes. Therefore, achieving target 
glucose levels could be a priority for preventing the 
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onset/progression of DR, rather than addressing the 
glycemic variability through intensive control.

agEnts rEducing blood glucosE lEvEls and 
rEtinopathy

It is well known that older antidiabetic agents such as 
sulfonylureas, metformin, and insulin have been used in 
the landmark trials such as the UKPDS[4] and DCCT,[3] 
and the analysis of these studies has shown that it is 
glucose control and probably not any one of the agents, 
that has a beneficial effect on DR. Having mentioned 
that it is instructive to look at other agents which have 
an impact on retinopathy. Thiazolidinediones such as 
pioglitazone have been linked to the occurrence of 
diabetic macular edema (DME). In a retrospective study 
of 103,368 patients and no macular edema at baseline, 
thiazolidinedione use was associated with a significantly 
increased risk of DME at 1-year and 10-year follow-ups, 
there being no difference between pioglitazone and 
rosiglitazone in this regard.[9] Spontaneous resolution 
of DME after stopping thiazolidinediones has also been 
reported.[10] However, the clinical benefits and risks of 
stopping thiazolidinediones in such settings have to be 
based on a discussion with the diabetes care management 
team, and in general, treatment of DME in such settings 
has to be based upon standard management guidelines 
including intravitreous injections and lasers as required. 
Glucagon-like peptide 1 (GLP-1) receptor agonists 
are increasingly used in diabetes management, given 
their cardiovascular benefits. In these cardiovascular 
outcome trials with GLP-1 receptor agonists 
(liraglutide/semaglutide/dulaglutide), rapid worsening of 
DR has been noted.[11] Hence, in patients with unstable or 
very severe retinopathy, it is better to consider alternative 
therapies or defer GLP-1 receptor agonist therapy till 
retinopathy has been stabilized. Hydroxychloroquine, 
an agent used for treating rheumatoid arthritis, has 
been shown to lower blood glucose levels.[12] It must 
be remembered that hydroxychloroquine may be 
associated with retinal toxicity and that people with 
diabetes are uniquely predisposed to DR. Retinal 
thinning on optical computerized tomography may be 
an early clue to a future occurrence of retinopathy in 
people taking hydroxychloroquine.[13] In people with 
rheumatoid arthritis and DR, it is best to discontinue 
hydroxychloroquine-though as always treatment should 
be individualized and after discussion with the patient 
and the treating physician and rheumatologist.

The use  of  sodium-glucose cotranspor ter-2 
inhibitors (SGLT2i) in diabetes is known to provide 

cardiorenal benefits. It has been suggested that some of 
the mechanisms, such as inflammation, oxidative stress, 
vascular damage, retinal hypoxia, and edema associated 
with chronic hyperglycemia, might be beneficially tackled 
by the use of SGLT2i.[14] This group of agents could also 
reduce glial activation and VEGF expression, as shown 
in animal studies with tofogliflozin.[15] It has also been 
suggested that a low-grade ketosis-like state induced by 
SGLT2i could be beneficial for retinal fuel energetics 
and thus protect against DR.[16] A recent meta-analysis 
has suggested that in people with a shorter duration 
of diabetes of below 10 years, SGLT2i could protect 
against DR.[17] However, these remain inconclusive, and 
the effect of SGLT2i on DR needs to be established by 
comprehensive studies.

impact of prEgnancy on rEtinopathy

Pregnancy has long been known to be associated with 
the progression of retinopathy without any long-term 
deleterious effects. The greatest risk of worsening 
occurs during the second trimester. One of the main 
factors implicated for such worsening is the rapid 
tightening of glucose control during early pregnancy. 
Duration of diabetes, the severity of retinopathy at 
conception, hyperglycemic control, anemia, and 
progression of coexisting hypertension also play a role. 
It is recommended that any retinopathy be stabilized 
before conception. Good diabetic control before and 
during pregnancy can help prevent this increase in the 
progression and serious vision loss but this has to be 
ideally planned before conception.[18,19]

summary

While it is well known that in most patients, tight glucose 
control prevents the onset and progression of DR in the 
long term, there is emerging evidence that the connections 
between blood glucose and retinopathy are complex in 
certain circumstances. Appropriate guideline-directed 
screening for retinopathy onset and progression is important 
for therapy, which includes both direct ophthalmological 
intervention as well as systemic risk factor control. 
Both ophthalmologists and endocrinologists/diabetes 
specialists should keep in mind the aforementioned 
nuances in the hyperglycemia-retinopathy connections 
and the management of people with DR should essentially 
be multidisciplinary.

Savita Bhat1, Arun S. Menon2

1Department of Ophthalmology, Chellaram Diabetes Institute, Pune, 
Maharashtra, 2Department of Endocrinology, Lisie Hospital, Kochi, 

Kerala, India
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Pragmatic and Early Usage of Statin in Patients with Diabetes 
for Prevention of Atherosclerotic Cardiovascular Disease: 

Survey‑Based Opinions of Indian Health‑Care Practitioners
Sanjay Kalra1, Surender Kumar2, Kaushik Pandit3, R. Anantharaman4, Atul Dhingra5, I Periyandavar6, Manoj Chawla7, 

Mohan Magdum8, Piyush Desai9, Prasun Deb10, Senthil Kumar Rajasekaran11, Ramesh N. Nair12, Shehla Shaikh13, 
Subodh Banzal14, Sunil Kota15, Tejas Shah16, Santosh Y. Revankar17, Amit Gupta17
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15Diabetes and Endocare Clinic, Brahmapur, Odisha, India, 16IVA Speciality Clinic and Diabetes Care Centre,Mumbai, Maharashtra, India, 17Medical 

Services, USV Private Limited, Mumbai,Maharashtra, India

Background: An early initiation of statins in the diabetes population helps in prevention of atherosclerotic cardiovascular 
disease (ASCVD). However, there is a paucity of data on its use in young Indian patients with diabetes. This survey 
report aimed to provide opinion-based recommendations for pragmatic usage of statin in diabetes population of India. 
Material and Methods: Discussion and virtual survey (a questionnaire of 18 questions) was conducted at 16 round table 
meetings (RTMs) which included participation of health-care practitioners (HCPs) from India. On the basis of their opinions 
and discussion, general recommendations about early usage of statins in diabetes for prevention of ASCVD were derived. 
Results: Out of 261 HCPs participated, 56.1% recommended initiating statins in patients aged 41–50 years irrespective of 
their total/low-density lipoprotein cholesterol (LDL-C) levels. Among people with diabetes aged between 20 and 39 years, 
38.9% of HCPs considered LDL-C >100 mg/dL and 77% of HCPs considered history of ASCVD as a risk factor for early statin 
initiation. Overall, 98.9% of HCPs agreed that early initiation of statin in people with diabetes and ASCVD risk factors will help 
reduce ASCVD. The majority of HCPs recommended initiating moderate-intensity (51.2%) and low-intensity (43.8%) statins 
and assess every 3 months for tolerance and compliance in people with diabetes (aged 20–39 years) and additional ASCVD 
risk factors. The use of rosuvastatin (78.5% of HCPs) was preferred for early initiation in people with diabetes. Majority of 
HCPs agreed (57.3%) or strongly agreed (36.2%) that rosuvastatin has more clinical utility compared to other statins due to 
better LDL-C-lowering effect and other pleiotropic effects. 
Physician’s inertia limits the effective use of statins among 
young adults with diabetes (55.8%), and 65.8% of HCPs 
recommended screening of people with diabetes for additional 
ASCVD risk factors. Conclusion: The participating HCPs 
opined that early initiation of statin therapy in people with 
diabetes and ASCVD risk factors will help reduce ASCVD. 
Rosuvastatin is mostly recommended for early initiation of 
statin therapy among the diabetes population for prevention of 
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introduction

The development of atherosclerotic cardiovascular 
disease (ASCVD) is the leading cause of morbidity and 
mortality; rises with age, reduces quality of life, and 
begins early in people with diabetes.[1,2] In India, the 
prevalence of coronary artery disease (CAD), ischemic 
heart disease, stroke, and peripheral artery disease 
among patients with diabetes is increasing at an alarming 
proportion.[3] Statins remain the first-line therapy for the 
management of ASCVD risk in all patients. It has been 
stated that the use of statins can reduce symptoms of 
coronary heart disease (CHD) and acute coronary events 
in people with type 2 diabetes mellitus (T2DM).[4,5] Statins 
were associated with a reduced incidence of ASCVD 
and mortality regardless of their low-density lipoprotein 
cholesterol values or history of cardiovascular disease.[4,5]

Many national and international guidelines have recommended 
the routine use of statins in patients with diabetes.[6-8] 
According to the American Diabetes Association (ADA) 
guidelines, statin therapy is recommended in people with 
diabetes of all ages with ASCVD along with lifestyle 
intervention.[1] Furthermore, these guidelines suggested 
the use of moderate- and high-intensity statin therapy in 
people with diabetes (aged 40–75 years) without ASCVD 
and people with diabetes (aged 50–70 years) with multiple 
ASCVD risk factors, respectively. An early initiation of 
statin therapy along with lifestyle modification should be 
indicated in people with diabetes aged 20–39 years with 
ASCVD risk factor.[1] The Research Society for the Study of 
Diabetes in India-Endocrine Society of India (RSSDI-ESI) 
guidelines for management of diabetes advocated statin use 
in patients with ASCVD risk, and intensification of statin 
therapy should be considered according to CVD risk, age, 
low-density lipoprotein cholesterol (LDL-C) level, and 
side effects.[6]

The use of statin was significantly associated with 
reduced all-cause mortality and cardiovascular (CV) risks 
in elderly patients.[9] Globally, statins have been found to 
be effective and safe in young people with dyslipidemia 
and adults with diabetes in terms of preventing vascular 
complications and mortality.[10,11] However, the statin 
use in the management of diabetes is very low in Indian 

subcontinents. A real-world study (LEADD Study) 
included 4002 patients with diabetes and dyslipidemia 
and reported that recommended statin dose is not 
achieved and low adherence level was observed in 
majority of patients associated with ASCVD risk factors 
and ASCVD.[12] A clinical study reported only half of 
the people with diabetes prescribed with statins, and 
the use of higher dose is very low among these patients. 
In addition, it was reported that lesser number adults 
aged <40 years receive statin than those >40 years.[13] A 
case-based questionnaire conducted with 2248 Indian 
patients showed that concomitant statin therapy along 
with glimepiride and metformin combination has shown 
good clinical efficacy with glycemic control and is 
beneficial, particularly to ensure more cardioprotection.[14]

Despite recommendations for the use of statins at an early 
stage, there is a paucity of data on its use, particularly 
in young Indian patients with diabetes. Therefore, this 
survey report aimed to analyze the opinion of clinical 
experts on early usage of statin in people with diabetes as 
well as to provide opinion for early and pragmatic usage 
of statins in people with diabetes from India.

mEthods

Standard questionnaire pertaining to the usage of statin 
in the diabetes population was prepared, discussed, 
and evaluated by experts which included participation 
of a diverse panel of health-care practitioners (HCPs) 
including diabetologists, endocrinologists, consultant 
physicians, and family physicians. These HCPs were 
from the different geographical regions of India.

All the participated HCPs were requested to take part 
in a survey that included a standard questionnaire of 
18 questions about early usage of statin in the diabetes 
population of India. They were sent an introductory 
email containing a link of the survey, and this survey 
was conducted for a 2-month period from April 2022 to 
May 2022. The survey results were discussed during the 
16 Pan India round table meetings (RTMs) between June 
2022 and July 2022, and opinions from the experts were 
noted. On the basis of these opinions and discussion, 
general insights were derived and compiled to prepare 

ASCVD. There is a necessity of using a proactive approach to screen for additional ASCVD risk factors in young individuals 
with diabetes and further increase the awareness about benefits of initiating statin therapy from an early stage.

Keywords: Atherosclerotic cardiovascular disease risk factors, health-care practitioners, low-density lipoprotein cholesterol, 
recommendations, rosuvastatin, virtual survey
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this survey report on early and pragmatic usage of statins 
in the diabetes population of India to prevent the risk of 
ASCVD.

rEsults

A total of 261 HCPs participated in the survey and 
RTMs, majority of which were diabetologists (n = 185, 
70.9%) followed by endocrinologists (n = 36, 13.8%), 

consultant physicians (n = 28, 10.7%), and family 
physicians (n = 12, 4.6%) [Figure 1]. A total of 
98 (37.5%), 62 (23.6%), 56 (21.6%), and 45 (17.4%) 
HCPs were from the Southern, Western, Northern, and 
Eastern parts of India, respectively [Figure 1].

Statin initiation
The majority (56.1%) of HCPs mentioned that they 
would initiate statins in patients aged 41–50 years 

Figure 2: Initiation of statin therapy. ASCVD = Atherosclerotic cardiovascular disease, LDL‑C = Low‑density lipoprotein cholesterol

Figure 1: Specialty and geographical distribution of HCPs. HCPs = Health‑care professionals
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Table 1: Opinion on early usage of statin in patients with diabetes

Questions Opinion options Percentage of 
HCPs’ responses

For the early usage of statin in 
patients with diabetes in age group 
of 20-39 years and additional 
ASCVD risk factors, which of the 
following approach you would 
recommend?

Initiate moderate-intensity statins and assess every 3 months for tolerance and compliance 51.2
Initiate low-intensity statins and assess every 3 months for tolerance and compliance 43.8
Initiate statin plus ezetimibe and assess every 3 months for tolerance and compliance 3.5
Initiate statin plus fenofibrate and assess every 3 months for tolerance and compliance 1.6

Which of the following statins/
combination would you 
recommend for early initiation 
of statin among 20-39 years of 
patients with diabetes patients?

Rosuvastatin 78.5
Atorvastatin 11.9
Rosuvastatin plus ezetimibe 8.8
Atorvastatin plus ezetimibe 0.4
Simvastatin 0.4

How frequently do you check lipid 
profile once you have initiated 
statins in diabetes?

Every month 4.6
Every 2 months 8.8
Every 3 months 61.5
Every 6 months 20.0
Every 12 months 5.0

When do you recommend early 
high-intensity statin in diabetes 
>40 years of age?

Uncontrolled lipid levels 13.1
Uncontrolled lipid levels with additional 1 ASCVD risk factor 27.0
Irrespective of lipid levels when >2 ASCVD risk factors are present 28.2
Irrespective of lipid levels when >3 ASCVD risk factors are present 23.2
Irrespective of lipid levels when signs of target organ damage are present 7.7
Duration of diabetes 0.8

ASCVD=Atherosclerotic cardiovascular disease, HCPs=Health-care practitioners

irrespective of their total  cholesterol/LDL-C 
levels [Figure 2]. The Around 38.9% of HCPs 
considered LDL-C >100 mg/dL to initiate statin 

therapy in patients aged 20–39 years [Figure 2]. 
A total of 32.1% of HCPs opined that they would 
initiate statins in 16%–30% of their patients 

Figure 3: Initiation of statin therapy and ASCVD risk factor. ASCVD = Atherosclerotic cardiovascular disease, BMI = Body mass index, 
FH = Family history, LDL‑C = Low‑density lipoprotein cholesterol, WC = Waist circumference
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aged <40 years [Figure 2]. A total of 70.5% of HCPs 
agreed that they would initiate statin therapy in >40% 
of their patients with diabetes aged 40–75 years and 
not having ASCVD [Figure 2].

Atherosclerotic cardiovascular disease risk
A total of 98.9% of HCPs agreed or strongly agreed that 
early initiation of statin in patients with diabetes and 
ASCVD risk factors will help reduce CVD risk [Figure 3].

A total of 90.1% of HCPs agreed or strongly agreed that 
every patient with diabetes in India (aged 40–75 years) 
with no ASCVD should be on at least moderate-intensity 

statin therapy for ASCVD prevention [Figure 3]. In total, 
77% of HCPs considered family history of ASCVD as a 
risk factor for early statin initiation among 20–39 years 
of patients with diabetes [Figure 3].

A total of 61.9% of HCPs considered that there 
is a moderate risk of ASCVD in patients after the 
diagnosis of diabetes mellitus who have no other risk 
factors [Figure 3].

Opinion on treatment and outcomes
The majority of HCPs recommended to initiate 
moderate-intensity statins (51.2%) and low-intensity 

Figure 4: Opinion on awareness of early usage of statins and CVD outcomes. CVD = Cardiovascular disease, LDL‑C = Low‑density 
lipoprotein cholesterol

Figure 5: Outcome, limitation of effective use, and intervention for early statin usage in diabetes. ASCVD = Atherosclerotic cardiovascular 
disease
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statins (43.8%) and assess every 3 months for tolerability 
and compliance in patients with diabetes (age group 
of 20–39 years) and additional ASCVD risk factors [Table 1].

A total of 78.5% of HCPs recommended the use 
of rosuvastatin for early initiation in patients with 
diabetes aged 20–39 years [Table 1]. Majority of 
HCPs agreed (57.3%) or strongly agreed (36.2%) that 
rosuvastatin has more clinical utility compared to other 
statins due to better LDL-C-lowering effect and other 
pleiotropic effects [Figure 4].

A total of 61.5% of HCPs mentioned that they assess lipid 
profile after 3 months of initiation of statins in patients 
with diabetes. In case of patients with diabetes >40 years 
of age with uncontrolled lipid levels with one 
ASCVD risk factor or in case of patients with >2 ASCVD 
risk factors irrespective of lipid levels, 27.0% and 28.2% 
of HCPs recommended early use of high-intensity 
statins, respectively [Table 1]. The majority (78.1%) of 
HCPs considered that early initiation of statins among 
young adults with diabetes results in reduction of future 
CVD events [Figure 5].

In addition, a total of 55.8% of HCPs considered that 
physician’s inertia limits the effective use of statins 
among young adults with diabetes [Figure 5]. A majority 
of HCPs agreed or strongly agreed with the fact that 
there is a need to increase the awareness of early 
use of statins for primary prevention of CVD among 
Indian health-care professionals [Figure 4]. A total of 
65.8% and 53.8% of HCPs recommended “screening 
of patients with diabetes for additional ASCVD 
risk factors” and “continuing medical education to 
physicians on early statin usage benefit” as the most 
appropriate interventions, respectively, to improve 
early usage of statin in patients with T2DM [Figure 5].

discussion

It is well established that treating conventional CV risk 
factors which include hypertension and dyslipidemia 
is pivotal in all adult patients irrespective of their 
patients with diabetes status to improve their long-term 
survival.[15-17] Indeed, myocardial infarction is the leading 
cause of morbidity, mortality, and re-infarction.[18] There 
is a large body of evidence available in support of the 
use of statins to reduce ASCVD risk in patients with 
diabetes.[15,19,20] Statin therapy has been shown to attenuate 
vascular inflammation and endothelial dysfunction in 
patients with diabetes.[21] Recent international as well 
as national guidelines recommend the use of statins in 
individuals with diabetes for primary prevention of CV 

events.[1,22-27] However, guidance on early initiation of 
statin therapy in young individuals with diabetes with or 
without ASCVD risk factors is lacking in Indian scenario. 
Therefore, the present survey report attempted to collect 
and present a comprehensive opinion of experts from 
India on early usage of statin in diabetes population of 
India.

The key observations of this study highlight the statin 
initiation approach used in current clinical practice and 
further emphasize on the importance of statin initiation 
at an early age among diabetes population of India for 
prevention of future risk of ASCVDs.

According to the present study, in the routine clinical 
practice, majority of HCPs opined that the statins are 
initiated in patients with diabetes aged 41–50 years 
irrespective of their total/LDL-C, and in case of young 
patients with diabetes aged between 20 and 39 years 
with LDL-C >100 mg/dL, an early initiation of statin 
therapy should be considered. However, HCPs agreed 
to initiate statin therapy in around one-third of diabetes 
population aged <40 years. ADA 2022 guidelines also 
support the initiation of statin therapy along with lifestyle 
modification in patients with diabetes aged 20–39 years 
with additional ASCVD risk factors.[1] The Lipid 
Association of India has recommended statins for the 
treatment of lipid management to reduce ASCVD risk.[28]

In the present survey, around 70% of HCPs recommend to 
start statin therapy in >40% of their patients with diabetes 
aged 40–75 years and not having ASCVD. ADA 2022 
guidelines are in accordance with this recommendation 
wherein moderate-intensity statin therapy in combination 
with lifestyle modification is suggested for patients 
with diabetes aged 40–75 years without ASCVD.[1] The 
guidelines also recommended that either high-intensity or 
moderate-intensity statin therapy should be used together 
with lifestyle intervention according to patient age and 
ASCVD risk factors.[1] Similarly, RSSDI-ESI Consensus 
Group 2020 and European Society of Cardiology 
(ESC) 2019 guidelines recommend the initiation of 
statin therapy along with lifestyle modifications in 
all patients with diabetes having CVD risk, if not 
contraindicated, and titration of dosage strength of 
statins can be done based on patient’s CVD risk, age, 
side effects, tolerability, and LDL-C levels.[6,8] In the 
present survey, a majority of HCPs agreed that every 
patient with diabetes in India (aged 40–75 years) with 
no ASCVD should be on at least moderate dose of 
statin for ASCVD prevention. Therefore, this survey 
emphasizes on early initiation of statin therapy in the 
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younger population of diabetes irrespective of the 
baseline LDL-C levels. Further, participating HCPs 
highlighted that the history of smoking, sudden cardiac 
deaths in family, and other cardiac events should be 
considered in the younger population while initiating 
statin therapy and the combination of statin and lifestyle 
modifications have shown to be most effective in these 
patients with diabetes. Generally, all patients with 
diabetes aged <40 years should be given the benefit of 
statin therapy irrespective of their age. Another opinion 
put forth by a cardiologist was to consider initiating 
statins in patients with LDL-C <80 mg/dL, and with 
a family history of CAD. It was pointed out that the 
level of LDL-C does not influence the use of statins in 
patients with diabetes; however, the presence of risk 
factors along with LDL-C >70 mg/dL is riskier than 
LDL-C <100 mg/dL without risk factors.

Almost all the HCPs were in agreement with the fact 
that early initiation of statin in patients with diabetes 
and ASCVD risk factors will help to reduce CVD risk. 
Further, it was suggested that while on statin therapy, 
instead of achieving the 50% LDL-C reduction goal, it is 
vital to focus on reducing LDL-C levels to target levels.

In the young individuals aged between 20 and 39 years 
with diabetes, majority of HCPs recommended to consider 
family history of ASCVD as a major risk factor for early 
statin initiation. Further, presence of hypertension, family 
history of microvascular diseases such as patients with 
diabetes kidney disease and retinopathy, presence of 
persistent high microalbuminuria, increased body mass 
index, elevated total cholesterol levels, and smoking 
or tobacco use should also be considered CVD risk 
factors and statin therapy should be initiated early in 
such patients.

With respect to different approaches suggested for the 
early usage of statin in young individuals with diabetes 
aged between 20 and 39 years and with additional 
ASCVD risk factors,[12] majority of participating HCPs 
opined that initiating low- or moderate-intensity statin 
therapy and assessing every 3 months for tolerance and 
compliance is the preferred approach. Postinitiation of 
statin therapy, lipid profile assessment was suggested after 
3 months by majority of HCPs. Further, among different 
statin treatment options for patients from young age 
group (20–39 years), rosuvastatin therapy was preferred 
option over other statins due to its better LDL-C-lowering 
effect and other pleiotropic effects. A small percent of 
HCPs opined for addition of ezetimibe to statin therapy. 
However, a study by Cannon et al. reported a benefit of 

the use of ezetimibe in combination with statin in terms 
of CVD risk reduction through LDL-C reduction among 
T2DM population.[29] In addition, compared to statin 
therapy up-titration, this approach showed an ability of 
greater LDL-C reductions and target achievement among 
patients with CHD risk.[30]

ADA 2022 recommends the use of high-intensity statin 
therapy in patients with diabetes and with multiple 
ASCVD risk factors or aged 50–70 years.[1] The present 
survey findings are also parallel to this recommendation 
suggesting the use of high-intensity statin therapy for 
patients aged >40 years with uncontrolled lipid levels 
with at least 1 or >1 ASCVD risk factor or in case of 
patients with >2 ASCVD risk factors irrespective of 
lipid levels.

A majority of participating HCPs believe that an early 
initiation of statin therapy among young adults with 
diabetes results in reduction of future CVD events 
and major coronary events. A recent study from the 
US supports this notion wherein the authors showed 
that in young adults, lipid lowering with statins or 
lifestyle interventions would prevent lifetime ASCVD 
events.[31] However, more than half of the participating 
HCPs believed that physician’s inertia is the most common 
limiting factor for effective use of statins among young 
adults with diabetes. Thus, there is a need to increase the 
awareness of early use of statins for primary prevention of 
CVD among Indian health-care professionals. The most 
appropriate approaches suggested to tackle this challenge 
include screening of patients with diabetes for additional 
ASCVD risk factors and continuing medical education to 
physicians on early statin usage benefit. As per the Indian 
Council of Medical Research guidelines, the screening of 
patients with T2DM for CVD risk is an important strategy 
for reducing mortality and CVD events.[32]

It is noteworthy to consider that statin use can be a 
contributing factor for the development of new-onset 
diabetes type 2 due to their link with increased insulin 
resistance.[33-37] In spite of statins being associated with 
incident T2DM, the results of JUPITER trial (wherein 
statin treatment was beneficial in prevention of 134 
vascular events or deaths for every 54 new cases of 
diabetes diagnosed) support a risk–benefit ratio in favor 
of statins.[38] However, it is important to diagnose people 
at high risk of developing diabetes before initiating statin 
treatment.

The authors acknowledge the following limitations of 
this paper. First, the opinion provided in this paper is 
based on insights gathered from survey with smaller 
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sample size; however, further studies with large sample 
size may be needed to corroborate these results. Second, 
an inherent limitation of the study is that these insights 
were not based on patients’ experience and are the 
opinion of treating HCPs. Hence, care must be taken 
when generalizing these results.

conclusion

Overall survey results indicate that early initiation of 
statin therapy in patients with diabetes and ASCVD risk 
factors will help reduce CVD risk. Rosuvastatin is mostly 
preferred for early initiation of statin therapy among the 
diabetes population for prevention of ASCVD. There 
is a necessity of using a proactive approach to screen 
for additional ASCVD risk factors in young individuals 
with diabetes and further increase the awareness about 
benefits of initiating statin therapy from an early stage.

Key insights from the survey:
Initiate statin therapy in patients with diabetes patients aged 40-75 years 
and not having ASCVD.
Among people with diabetes aged 20-39 years having additional 
ASCVD risk factor:
• Early initiation of statin therapy will help reduce CVD risk.
• Initiate moderate-intensity and low-intensity statins and assess 

every 3 months for tolerance and compliance to the therapy.
• For an early initiation approach, rosuvastatin should be preferred 

over other statins.
Physician’s inertia limits the effective use of statins among young adults 
with diabetes and there is a need to increase the awareness of early use 
of statins for primary prevention of CVD among Indian health-care 
professionals.
Screening of patients with diabetes for additional ASCVD risk factors 
and continuing medical education to physicians on early statin usage 
benefit are the most appropriate interventions that will help to improve 
the early usage of statin in individuals with diabetes.
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introduction

Glucose management in patients with diabetes-related 
end-stage renal disease (ESRD) is challenging and 
glycemic variability (GV) is an important clinical 
problem.[1,2] Continuous glucose monitoring (CGM) 
offers an effective method for understanding the glucose 
profile and GV in patients with diabetes mellitus.[3] CGM 
enables the direct tracking of short-term (inter- and 
intraday) glucose variability, hyperglycemia, and 
hypoglycemia. There is increasing use of CGM, 

especially in those patients, in whom GV is seen or 
anticipated.[4] In patients with diabetes and advanced 
kidney disease, there are various factors that contribute to 
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Background: Management of glucose levels in patients with diabetes mellitus and end-stage renal disease (ESRD) is challenging. 
There are various factors contributing to glycemic variability (GV), including altered metabolism of glucose and insulin in the 
ESRD stage. Continuous glucose monitoring (CGM) system measures glucose levels continuously and helps to study the glucose 
profile of patients undergoing hemodialysis (HD). This pilot study aimed to analyze the ambulatory glucose profile (AGP) of 
type 2 diabetes patients with ESRD undergoing HD and study the GV when patients were on HD (referred to as ON days) 
versus when patients were not on HD (referred as OFF days). Materials and Methods: We enrolled 10 patients with type 2 
diabetes mellitus and ESRD undergoing maintenance HD in the study. Data regarding patient characteristics, including age, 
gender, duration of diabetes mellitus, HbA1c, and serum fructosamine, were collected. The AGP data obtained by the CGM 
sensor on the HD ON days was compared to AGP data on HD OFF days. Results: There was a significant linear correlation of 
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GV.[5] In patients with advanced kidney disease, intensive 
blood glucose control is not recommended as there is an 
increased risk of hypoglycemia due to diminished renal 
gluconeogenesis, impaired renal insulin degradation, 
and poor oral intake. Increased GV is particularly seen 
in patients on maintenance hemodialysis (HD).[6] One of 
the several postulated reasons for hypoglycemia during 
HD is the loss of glucose across the dialyzer membrane. 
CGM, though not routinely recommended, could be a 
promising tool to assess and manage the GV in patients 
with diabetes on HD.

With this study, we aimed to document the glycemic 
patterns in patients with type 2 diabetes mellitus 
and ESRD undergoing HD. We also assessed the 
correlation between the CGM-derived glycemic 
parameter and laboratory value of HbA1c and serum 
fructosamine.

matErials and mEthods

In this pilot study, 10 adult patients with type 2 diabetes 
mellitus and ESRD undergoing maintenance HD at 
Chellaram Hospital: Diabetes Care and Multispeciality, 
Pune, were included in the study. Patients with type 1 
diabetes mellitus, severe hepatic dysfunction, critical 
and hospitalized patients, and patients with malignancy 
were excluded from the study. Written informed consent 
was obtained from all enrolled participants, and the study 
was approved by the institutional ethics committee. The 
study was conducted during January 2018 to March 2019.

Demographic and clinical characteristics of all enrolled 
participants were recorded at baseline, and the FreeStyle 
Libre Pro, a professional retrospective masked CGM 
device, was applied on the back of the upper arm for 
14 days of CGM. The sensor continuously measured 
glucose in interstitial fluid through a small (5 mm long, 
0.4 mm wide) filament that was inserted just under the 
skin. It recorded glucose levels every 15 min, capturing 
up to 1340 glucose results for up to 14 days. After 
14 days, the Libre Pro reader was used to scan the sensor 
and download the 14-day data stored in the sensor.[7]

The patients were on HD either twice a week or thrice 
a week. The day’s patient underwent HD has been 
labeled as HD ON days, and the days when the patients 
were not on HD has been labeled as HD OFF days. 
Data regarding basic patient characteristics, including 
age, gender, duration of diabetes mellitus, HbA1c, and 
serum fructosamine, were also collected. The ambulatory 
glucose profile (AGP) data on the HD ON days was 
compared to AGP data on HD OFF days.

Data analysis
Statistical analysis was carried out using STATA 14.2 
software (StataCorp LLC, 4905 Lakeway Drive, College 
Station, Texas 77845-4512, USA). As the number of 
participants in the study group was small, data were 
presented as median with interquartile Range (IQR), i.e., 
IQR. The median was favored over the mean in this data 
analysis as the median is not skewed by a small number 
in the data. Regression analysis was performed to see the 
linear correlation between the CGM-derived glycemic 
parameters, such as average blood glucose with HbA1c and 
serum fructosamine. The distribution of the parameters was 
compared by HD and no HD days using the Wilcoxon rank–
sum test. A P < 0.05 was considered statistically significant.

rEsults

The baseline characteristics of the ten patients are 
summarized in Table 1. The median age of patients was 
64 (60–71) years. Eight male and two female patients 
were recruited. The median duration of DM was 17 (10–
23) years. All had diabetic retinopathy of various stages. 
The median HbA1c was 6.7%, and the median glucose 
management indicator was 7.2%.

Out of these 10 patients on HD, six patients had higher 
time below target (glucose level below 70 mg/dl) 
percentages of CGM readings on the HD ON days versus 
on HD OFF days and seven patients had higher time 
above target (glucose level above 180 mg/dl) on HD 
OFF days as compared to HD ON days.

Regression analysis of glycemic parameters showed a 
significant linear correlation between CGM-derived average 

Table 1: Baseline characteristics of patients enrolled in 
the study

Characteristics n (%) or median (IQR)
Gender

Female 2 (20)
Male 8 (80)

Age (years) 64 (60-71)
Duration of diabetes mellitus (years) 17 (10-23)
CAD 6 (60)
Dyslipidemia 8 (80)
Diabetic retinopathy 10 (100)
Diabetic neuropathy 9 (90)
HbA1c (%) 6.7 (6.5-7.4)
Serum creatinine (mg/dL) 5.4 (5.7-7.2)
Hb (g/dL) 7.9 (9.6-11.3)
Serum fructosamine (umol/L) 326 (222-363)
GMI (%) 7.2 (6.7-7.8)
CAD: Coronary artery disease, Hb: Hemoglobin, GMI: Glucose 
management indicator, IQR: Interquartile range
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blood glucose and HbA1c (r= 0.81; p=0.01) [Figure 1a]; 
however, it did not correlate with serum fructosamine (r=0.52; 
p=0.09) [Figure 1b]. Further, the serum fructosamine did 
not correlate with HbA1c also (P = 0.09).

On trend analysis, variation in the glucose pattern 
significantly differs between HD ON days and HD OFF 
days [Figure 2]. On HD ON days’ glucose levels were 
lower than HD OFF days. This difference was −29.9 mg/dl 
(−33.7, −26.0) with P < 0.001. Variation in the glucose 
levels was higher during the non-HD days compared 
to HD days. This variation was − 0.08 (−0.09, −0.07); 
P < 0.001 per hour on OFF HD days and HD ON days 
its − 0.04 (−0.07, −0.003); P = 0.03 per hour.

Green line represents trend of average glucose levels of 
10 patients on the HD ON days Blue line represents trend 
of average glucose levels of 10 patients on HD OFF days 
X axis represents time in hours from the start of CGM 
till CGM sensor stops (approximately 14 days); Y axis 
represents the glucose levels of CGM.

discussion

From this pilot study, we observed that TBT was more 
frequent during HD ON days compared to HD OFF days, 
whereas TAT was higher during HD OFF days when 
compared to HD ON days. This suggests a tendency 
toward hypoglycemia on HD ON days and a tendency 
toward hyperglycemia on HD OFF days.

A pilot study published by our center showed high GV 
in patients on HD. The study was conducted on ten 
diabetes-related ESRD patients on HD. The CGM record 
showed asymptomatic hypoglycemia in these patients 
during HD. Glucose levels showed a fall during HD and 
then a rise to higher levels after the dialysis session.[8]

In the DIALYDIAB pilot study, 15 patients on HD 
were recruited. Five-day CGM was done at baseline 
and after 2 weeks. The mean 24-h glucose, the mean 
amplitude of glucose excursions, and the standard 
deviation of mean glucose were significantly higher 
on the HD days compared to the dialysis-free days. 
On HD day, patients showed higher GV as compared 
to dialysis-free days.[9]

A systematic review by Maurizio Gallieni et al. on 
CGM in HD patients with type 2 diabetes mellitus 
revealed a significant fluctuations in glucose levels 
during HD sessions. These studies reported a higher 
mean amplitude of glucose variations on the HD day.[10] 
In these studies, CGM sensors of 2 days to 2 weeks 
were used. CGM data demonstrated higher GV in these 
patients on HD days.

In contrast to these study observations, in our study, 
higher GV was seen on HD OFF days as compared to 
HD ON days. This may be explained by the fact that in 
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Figure 2: Comparison of glycemic pattern on HD ON days versus 
HD OFF days. HD: Hemodialysis

Figure 1: (a) Linear regression analysis to study correlation 
between average blood glucose and HbA1c. (b) Linear regression 
analysis to study correlation between average blood glucose and 
serum fructosamine
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a tertiary care dialysis center with a focus on managing 
diabetes-related ESRD, patient’s glucose levels are 
monitored during dialysis; they are offered a mid-dialysis 
snack to prevent severe hypoglycemia during HD 
followed by rebound hyperglycemia contributing to 
higher GV. However, this needs confirmation by a 
controlled trial.

Although, our study was limited by small sample 
size due to the cost of CGM device and other 
practical considerations in type 2 diabetes patients 
on hemodialysis, the data showed a significant linear 
correlation between the average blood glucose of 
CGM and HbA1c. Currently, HbA1c is not a gold 
standard glucose control measure in advanced kidney 
disease subjects due to various reasons. However, in 
our pilot study, HbA1c correlated significantly with 
the average blood glucose of AGP. Future studies 
recruiting more number of patients will give us better 
clarity regarding this. A study published by Presswala 
et al. published in October 2019 assessed the accuracy 
of HbA1c level using CGM in patients with advanced 
DKD. The results suggested that HbA1c can be an 
accurate measure of glycemic status among patients 
with DKD. This relationship appeared to hold true 
among patients with more advanced CKD.[11] That 
data also showed a significant correlation between 
CGM-derived average glucose, A1c, and serum 
fructosamine.

conclusion

To conclude, our pilot study of 10 patients on HD showed 
that on HD ON days, glucose levels were significantly 
lower as compared to those on HD OFF days. GV was 
higher during the HD OFF days compared to HD ON 
days. Future AGP studies recruiting more number of 
patients on HD will help better understand the clinical 
significance of glucose profile and GV in ESRD patients. 
This might help in better diabetes management in HD 
patients. Improvement of GV in patients on HD might 
help in decreasing morbidity and mortality in patients on 
HD and help improve quality of life. This might preserve 
their health for a prospective kidney transplant and also 
long-term health.
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introduction

The prevalence of diabetes is on the rise. With diabetes 
currently affecting around 537 million adults worldwide, 
it is becoming more commonplace to have patients with 
diabetes presenting for surgery.[1] The reported prevalence 
of hyperglycemia and diabetes in surgical patients ranges 
from 10% to 40%.[2] It is well-established that they have 
higher rates of complications, longer stays in hospital, 
and higher mortality compared to patients without 
diabetes.[3,4]

Higher complications and mortality in patients with 
diabetes following surgery is brought about by a 
complex interplay of various factors.  The trauma 
and increased sympathetic activity associated with 
surgery lead to increased production of stress hormones 
with simultaneous decrease in insulin sensitivity 

and insulin production. The resulting hyperglycemia 
due to abnormal glucose hemostasis is a risk factor 
for impaired wound healing, postoperative sepsis, 
endothelial dysfunction, and cerebral ischemia.[5] 
Cardiovascular disease is a major cause of morbidity 
and mortality in patients with diabetes presenting for 
surgery. Up to 50% of type 2 diabetes mellitus (DM) 
patients have unrecognized myocardial infarction 
events. Chronic complications of diabetes, especially 
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perioperative adverse cardiovascular outcomes. Preoperative cardiovascular risk assessment and therapeutic optimization are 
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cardiac autonomic neuropathy (CAN) can lead to 
increased cardiovascular events and mortality.[6]

A comprehensive strategy to optimize patients with 
diabetes undergoing surgery is vital to minimize 
perioperative complications and improve outcomes. 
Preoperative evaluation for surgical procedures in patients 
with diabetes should include an assessment of glycemic 
control and any diabetes-associated complications. Our 
review focuses on the evidence for risk assessment and 
optimal testing to reduce perioperative cardiovascular 
events prior to a noncardiac surgery in patients with 
diabetes. We also propose a practical, stepwise approach 
for evaluation of the patient with diabetes presenting for 
surgery.

mEthods

We conducted a literature search on PubMed and Google 
Scholar to identify relevant articles published until May 
2022 on cardiac evaluation in diabetes before general 
anesthesia. The terms “cardiac evaluation in diabetes 
before surgery,” “preoperative cardiac risk stratification 
in diabetes,” and “cardiac assessment in diabetes before 
surgery” were used. Clinical practice guidelines and 
randomized control trials were prioritized for review.

discussion

Estimating perioperative risk
Step 1: Assess the urgency of the proposed surgery
Estimating perioperative risk begins with assessment of the 
urgency of the proposed surgery. An emergency operation 
is one, in which life or limb is at risk if not immediately 
in the operating room, and there is little or no time for 
clinical evaluation, usually within 6 hours. An urgent 
procedure is one in which a limited clinical examination 
may be possible, usually when life or limb is at risk if the 

patient is not in the operating room within 6–24 hours. 
A time-sensitive procedure is one in which a delay of more 
than 1-6 weeks for an evaluation will have a detrimental 
impact on the outcome. An elective procedure is one in 
which the procedure could be delayed for up to 1 year 
without any impact on the outcome.[7] Patients requiring 
urgent or emergency surgeries are at an increased risk of a 
perioperative cardiovascular event, regardless of baseline 
risk. In these cases, perioperative surveillance for cardiac 
events and continuation of chronic cardiovascular medical 
therapy form the cornerstones of management.[8]

Step 2: Assess cardiac risk of the proposed surgery
With regard to cardiac risk, surgical interventions 
can be divided into low-risk, intermediate-risk, and 
high-risk groups, with estimated 30-day cardiac event 
rates (cardiac death and myocardial infarction) of 1%, 
1%–5%, and > 5%, respectively)[8,9] [Table 1].

Step 3: Assess functional capacity of the patient
Determination of functional capacity is a key step 
in preoperative cardiac risk assessment. Functional 
capacity is subjectively assessed in units of the metabolic 
equivalent of tasks (METs).[10] Functional capacity can 
be estimated from the ability to perform the activities of 
daily living. One MET represents metabolic demand at 
rest; climbing two flights of stairs represents four METs, 
and strenuous sports such as swimming is equivalent to 
10 METs. The inability to climb two flights of stairs or 
run a short distance (four METs) indicates poor functional 
capacity and is associated with an increased incidence 
of postoperative cardiac events.[7,8]

Step 4: Patient risk stratification (revised cardiac risk 
index)
There are multiple risk calculators available to calculate 
the perioperative risk of Major Adverse Cardiovascular 
Events (MACE). Diabetes is a component of almost all 

Table 1: Risk stratification of noncardiac surgeries

Low risk (<1%) Intermediate risk (1%–5%) High risk (>5%)
Dental Renal transplant Pulmonary or liver transplant
Thyroid Intraperitoneal: splenectomy, 

cholecystectomy hiatal hernia repair
Pneumonectomy

Eye Carotid symptomatic Adrenal resection
Reconstructions Endovascular aneurysm repair Repair of perforated bowel
Superficial surgery Peripheral arterial angioplasty Aortic or major vascular surgery
Carotid asymptomatic Head-and-neck surgery Open limb revascularization or thromboembolectomy or limb 

amputation (if indicated in diabetic foot, necrotizing fasciitis, etc.)
Gynecology: Minor Intrathoracic: nonmajor Total cystectomy
Orthopaedic minor (meniscectomy) Urologic or gynecological: major Oesophagectomy
Urologic minor (transurethral 
resection of the prostate)

Neurologic or orthopedic: 
major (hip and spine surgery)

Liver resection and bile duct surgery

Duodeno-pancreatic surgery
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risk indices. The six-component Revised Cardiac Risk 
Index (RCRI) is a relatively simple to use calculator. 
One point is assigned for each of the following: 
insulin-dependent diabetes, cerebrovascular disease, 
ischemic heart disease, heart failure (HF), chronic kidney 
disease (serum creatinine level >2 mg/dl), and high-risk 
surgery (intraperitoneal, intrathoracic, or vascular). The 
presence of insulin-requiring DM with one another risk 
factor from the RCRI denotes high risk of MACE.[11]

Preoperative cardiac investigations in patients with 
diabetes mellitus
Electrocardiogram
An electrocardiogram (ECG) is recommended only in 
high-risk and intermediate-risk surgeries in patients with 
risk factors. The indications for an ECG are summarized 
in Table 2.[8]

Echocardiography
Rest Echocardiography may be considered in 
patients undergoing high risk surgery. Combining 
the recommendations laid down by the American 
Heart Association and the American College of 
Cardiology (AHA/ACC) guidelines and the European 
Society of Cardiology and the European Society of 
Anaesthesiology (ESC/ESA) guidelines, preoperative 
echocardiography is indicated for those with:
i. Dyspnea of unknown etiology
ii. Those with a known history of HF with worsening 

dyspnea, edema, or recent syncope
iii. Reassessment of left ventricular (LV) function in 

clinically stable patients with previously documented 
LV dysfunction more than a year ago

iv. Established case or hypertrophic or restrictive 
cardiomyopathy.

Stress testing
Stress testing is recommended in patients with more than 
two risk factors and poor functional capacity, posted for 
high-risk surgery The indications for stress testing are 
summarized in Table 3.[8]

Cardiac biomarkers
Commonly used cardiac biomarkers include the B-type 
natriuretic peptide (BNP), a polypeptide released by 
cardiomyocytes in response to atrial stretch, and the 
N-terminal pro-BNP (NT-proBNP). In a meta-analysis 
including 18 prospective observational studies, a 
value of BNP levels >92 pg/mL or NT-pro BNP levels 
>300 pg/mL is associated with an increased risk of death 
or postoperative myocardial infarction at 30 days.[12] 
One study showed that for patients undergoing vascular 

surgery or urgent surgery, the inclusion of preoperative 
natriuretic peptide to a risk model containing age, 
RCRI (≥3) improved sensitivity to predict 30-day 
perioperative cardiovascular events, and reclassified up 
to 18% of the cases.[12,13]

Routine preoperative assessment of cardiac biomarkers 
is not recommended by the AHA/ACC guidelines while 
the ESC/ESA recommend measuring them in selected 
high-risk individuals (METs ≤4 or with a RCRI value >2 
for nonvascular surgery and >1 for vascular surgery).[7,8] 
Canadian guidelines recommend measurement of NT-pro 
BNP or BNP levels before noncardiac surgery in 
all patients aged >65 years and in patients between 
45 and 64 years of age with a history of established 
cardiovascular disease or a RCRI ≥1.[14] Postoperative 
surveillance of cardiac troponin levels during the 
first 48 h after higher-risk surgery has been suggested 
for patients with higher scores on preoperative risk 
calculators (e.g., RCRI >1) if clinical decision-making 
would be altered by the results of the test.[11]

Coronary angiography and revascularization
If preoperative cardiac risk assessment with the 
abovementioned tests including stress testing is 
suggestive of coronary artery disease (CAD), the 
benefit of coronary angiography and revascularization 
preoperatively is unclear due to the lack of evidence 
from large randomized control trials. In the coronary 

Table 2: Indications for preoperative electrocardiography 
in patients with diabetes mellitus undergoing noncardiac 
surgery

High‑risk 
surgery

Intermediate‑risk 
surgery

Low‑risk 
surgery

Risk factors 
present

Recommended Recommended May be 
considered

Risk factors 
absent

May be considered 
if age >65 years

May be considered 
if age >65 years

Not 
recommended

Table 3: Indications for preoperative stress testing in 
patients with diabetes mellitus undergoing noncardiac 
surgery

High‑risk 
surgery

Intermediate‑risk 
surgery

Low‑risk 
surgery

More than two 
risk factors 
present

Recommended May be considered Not 
recommended

Poor 
functional 
capacity (<4 
METs)

May be 
considered if 
two or less than 
two risk factors 
present

May be considered Not 
recommended

METs: Metabolic equivalents of tasks
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artery revascularization prophylaxis trial, 510 patients 
with CAD who were scheduled for vascular surgery 
were randomly allocated to either coronary artery 
revascularization or no coronary artery revascularization 
before surgery. Postoperative myocardial infarction 
within 30 days (12% in the revascularization group 
vs. 14% in the no revascularization group; P = 0.37) 
and long-term mortality at a median follow-up of 
2.7 years (22% vs. 23%, respectively; P = 0.92) were 
not different between the groups. However, the limitation 
of the trial was that patients with left main CAD and 
reduced left ventricular ejection fraction were excluded 
from the study.[15] The AHA/ACC guidelines and the 
ESC/ESA have slightly different recommendations on 
prophylactic revascularization before surgery. The AHA/
ACC guidelines do not recommend routine cardiac 
revascularization before noncardiac surgery.[7] In contrast, 
the ESC/ESA guidelines suggest that prophylactic cardiac 
revascularization may be considered before high-risk 
surgery if there is evidence of substantial stress-induced 
ischemia.[8]

For those who have undergone coronary revascularization, 
it is reasonable to delay nonurgent surgery by at least 
4 weeks (and ideally 3 months) after angioplasty 
with bare metal stent, at least 6 months (and ideally 
12 months) after angioplasty with drug-eluting stents, and 
at least 2 weeks after a balloon angioplasty procedure.[7] 
For those in whom the risk of delaying surgery would 
exceed the risk of a stent thrombosis, a cautious decision 
to proceed with surgery may be taken. In that case, aspirin 
must be continued while the other antiplatelets should 
be withheld for a short duration before surgery (5 days 
for clopidogrel and ticagrelor and 7 days for prasugrel) 
and restarted immediately after.

Special situations
Heart failure
People with DM are predisposed to a 2-to-3-fold increased 
risk for HF. Around 36%–47% of patients with HF with 
reduced ejection fraction (HFrEF) and 32%–33% of 
those with HF with preserved EF (HFpEF) have DM.[16] 
While many cases are secondary to underlying CAD, 
hypertension, or valvular heart disease, the presence of 
diabetes per se can predispose to the entity of “diabetic 
cardiomyopathy.”

Heart failure with reduced ejection fraction
In the original version of the Cardiac Risk Index (CRI) 
for preoperative risk stratification of patients, two out 
of the nine independent predictors of serious cardiac 
complications were related to HFrEF, namely, the 

presence of preoperative third heart sound and elevated 
jugular venous pressure. In fact, these factors had the 
strongest association with perioperative MACE.[17] 
Almost all subsequent risk scores also incorporated 
history of HF as a risk factor.[18]

The 30-day postoperative mortality rate is significantly 
higher in patients with nonischemic HF (9.3%) followed 
by ischemic HF (9.2%), atrial fibrillation (AF) (6.4%), 
or CAD (2.9%) in a population-based study involving 
38,047 patients.[19] This is a particularly important finding 
because most perioperative risk prediction models place 
greater emphasis on CAD than on HF. In addition, the 
stability of a patient with HF also plays a significant role. 
Patients with stable HF were found to have perioperative 
mortality rates to those without HF but had longer 
hospital stays, higher rates of hospital readmission, and 
higher long-term mortality rates.[20]

Heart failure with preserved ejection fraction
As many as 60%–75% of asymptomatic, well-controlled, 
patients with T2DM can have diastolic dysfunction of 
varying severity, and women have up to threefold increased 
risk compared to men.[21,22] In a large meta-analysis using 
individual patient data, those with HFpEF had lower 
all-cause mortality rate than those with HFrEF but 
mortality rate was still higher than those without HF.[23]

Perioperative considerations in patients with diabetes 
mellitus and heart failure
For a patient presenting with acute HF, it is prudent to 
delay nonurgent surgeries at least 3 months after the 
event, during which every attempt must be made for 
optimization of medical therapy of HF. For patients 
with HFrEF, this would include initiation and dose 
titration, as required, of Renin-Angiotensin-Aldosterone 
System (RAAS) blockers (angiotensin receptor-neprilysin 
inhibitor [ARNIs] in New York Heart Association 
(NYHA) class II and III and angiotensin-converting 
enzyme inhibitors/angiotensin receptor blockers 
[ACEi/ARBs] for class II and IV), beta-blockers, 
Mineralocorticoid Receptor Antagonist (MRA), diuretics 
as required, and sodium-glucose linked-cotransporter-2 
inhibitors (SGLT2i). There is accumulating evidence 
for the benefit of SGLT-2i use in both acute de novo and 
decompensated chronic HF.[24,25]

For those with an established diagnosis of chronic HF, 
preoperative echocardiography, and cardiac biomarkers 
are indicated as outlined in sections “echocardiography” 
and “cardiac biomarkers”. Preoperative goal-directed 
medical therapeutic optimization should be ensured. 
Among the medications used in the setting of HF, for 
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a patient with chronic HF on beta-blockers, they must 
be continued till surgery at the same dosage. If there is 
inadequate time for optimum dose titration, they should 
not be initiated preoperatively. ACEi/ARBs should be 
omitted on morning of surgery, with close monitoring 
of BP and hemodynamic status perioperatively. 
A patient who requires initiation of ACEi/ARB for HF 
in the preoperative period should ideally be started on 
these agents at least 1 week before surgery. Those with 
HFpEF need very close attention to maintaining volume 
status and control of afterload with adequate diuresis. 
It may be reiterated here, that, for the management of 
HFpEF, there is more evidence of benefit with SGLT2i 
than Renin-Angiotensin-Aldosterone System (RAAS) 
blockers (ARNi, ARB/MRA), and therefore the use of 
SGLT2i is based on Grade 2a recommendation, whereas 
that for the RAAS blockers is Grade 2b.[26] The SGLT2i 
should be discontinued at least 3 days before surgery.

Cardiac autonomic neuropathy (CAN)
Cardiac autonomic neuropathy in diabetes mellitus and 
perioperative risks
Several studies have reported an increased mortality rates 
in patients with clinically overt as well as asymptomatic 
CAN, and a meta-analysis has reported the pooled estimate 
of the relative risk to be 2.14 (1.83–2.51).[27-30] Burgos 
et al. found that perioperatively, vasopressor support 
was needed more often in individuals with diabetes with 
autonomic dysfunction than in those without.[31] Patients 
with CAN have greater hemodynamic instability during 
anesthesia and surgery. There is an increased requirement 
for vasopressor support due to inadequate ability of 
vasoconstriction and tachycardia to compensate for 
the vasodilating effects of anesthetic agents. Therefore, 
they exhibit profound decreases in heart rate and arterial 
blood pressure during induction of anesthesia and less 
tachycardia and hypertension after tracheal intubation 
and extubation.[31] Another study demonstrated that 
there is more severe intraoperative hypothermia.[32] This 
would in turn lead to decreased drug metabolism and 
impaired wound healing. Sobotka et al. showed that 
some patients with diabetes with autonomic neuropathy 
can have a reduction in hypoxic-induced ventilatory 
drive. [33] Therefore, preoperative cardiovascular 
autonomic screening to identify those with CAN will 
help prioritize patients at high risk for intraoperative 
complications and provide useful information for 
planning the anesthetic management in them.

Cardiac autonomic neuropathy: Diagnostic tests
Cardiovascular reflex tests still form the gold standard for 
the diagnosis of CAN [Table 4]. Ideally, all patients with 

type 2 DM or with type 1 DM for 5 years should be screened 
for CAN, particularly those at greater risk of CAN due to 
uncontrolled glycemic status, cardiovascular risk factors, 
neuropathy, Charcot foot, nephropathy, and retinopathy.[30]

Following the discussion in two important meetings (San 
Antonio conference on diabetic neuropathy held in 1988 
and the second conference in 1992) jointly sponsored by the 
American Diabetes Association and American Academy of 
Neurology, three tests of heart rate (HR) response to (1) 
deep breathing, (2) standing, and (3) the Valsalva maneuver 
and two tests of blood pressure (BP) response to standing/
passive tilting and sustained handgrip are recommended 
for routine screening of CAN.[39,40] One abnormal HR test 
or two borderline results are considered “early” CAN, two 
or more abnormal results indicate “definite involvement,” 
whereas “severe involvement” is indicated when orthostatic 
hypotension is present.[41] Results for the patient are 
analyzed by positioning the values on available normative 
graphs as a function of age and should be considered 
abnormal if it falls below the 5th percentile for age.[34,42] 
Ambulatory BP monitoring may be useful in patients with 
suspected CAN to detect attenuation (nondipping) or loss 
of nocturnal fall of BP (reverse dipping) and to ensure 
round-the-clock BP control with antihypertensives. In 
patients undergoing preoperative evaluation, a prolonged 
corrected QT interval (QTc) on ECG could indicate 
the presence of underlying CAN and is an independent 
predictor of mortality.[41,43]

Hypertension in patients with diabetes mellitus: 
recommendations for preoperative evaluation and 
management
Patients with newly diagnosed hypertension preoperatively 
should be screened for end-organ dysfunction by ECG, 
renal function parameters, and clinical evidence of 
HF. The current hypertension guidelines advocate 
confirmation of the diagnosis of hypertension using 
multiple measurements and ambulatory BP monitoring 
if necessary.[44]

It can be reasonable to defer nonurgent surgery in patients 
with poorly controlled Grade 3 hypertension (systolic 
blood pressure ≥180 mmHg and/or diastolic blood 
pressure ≥110 mmHg), presence of previously-undiagnosed 
and untreated or a suspected case of secondary hypertension, 
considering the benefits of delaying surgery to optimize 
antihypertensive medications. Interestingly, in one study, 
immediate BP reduction with nifedipine in patients with 
uncontrolled hypertension was found to have similar 
complication rates but a shorter hospital stay compared 
to patients who deferred surgery.[45] However, there is 
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no evidence of benefit from delaying surgery in patients 
with Grades 1 or 2 hypertension.[46] In such cases, 
antihypertensive medications should be continued during 
the perioperative period. The management of arterial 
hypertension should proceed according to existing 
guidelines.[44] It is recommended to keep perioperative BP 
at 70%–100% of baseline. Recommendations regarding the 
initiation and continuation of different antihypertensives 
are outlined in Table 5.

Special preoperative cardiac considerations in patients 
with diabetes mellitus undergoing renal transplant 
surgery
For patients enlisted for renal transplantation surgery, 
a preoperative resting ECG must be done for those 

with a known history of CAD, peripheral vascular 
disease, or in the presence of cardiac symptoms. It is 
also reasonable for patients with DM without cardiac 
symptoms or a known history of CAD. ECG should be 
repeated every year after enlistment till the transplant 
procedure is over. Preoperative echocardiography for 
the assessment of left ventricular systolic and diastolic 
function is indicated at least once before surgery 
but periodically repeating echocardiography is not 
recommended.[47,48]

All candidates with DM should also undergo noninvasive 
screening for CAD as per the Clinical Practice Guideline 
for Kidney Transplantation laid down by the Kidney 
Disease: Improving Global Outcomes (KDIGO).[47] The 

Table 4: Diagnostic tests for cardiac autonomic neuropathy

Diagnostic test Procedure Normal physiologic response Reference number
HR response to 
deep breathing (i.e., 
beat-to-beat HR 
variation, R-R variation)

The subject is instructed to lie supine 
and breathe slowly at a rate of six 
breaths per minute. The difference 
between maximum and minimum HR 
is recorded by a monitor

HR increases during inspiration and decreases during 
expiration

[34,35]

HR response to standing An ECG monitor is connected to 
the subject as the subject stands in 
a full upright position. The ratio of 
the largest R-R interval, which is 
observed at roughly beat 30, to the 
smallest R-R interval, (found at about 
beat 15) is calculated using ECG 
tracings

Rising HR (peak at around the 15th beat after standing), 
followed by a relative bradycardia (slowest HR at 
approximately 30th beat after standing)

[36]

Valsalva maneuver The subject in a supine position and 
connected to an ECG monitor is 
instructed to forcibly exhale for 15 
s while facing a fixed resistance (40 
mmHg) and an open glottis. The ratio 
of the longest R-R interval following 
the maneuver to the shortest R-R 
interval is known as the Valsalva ratio
contraindicated in proliferative 
retinopathy; risk for hemorrhage

A brief rise in BP occurs during phase I as a result of 
the increased expiratory pressure that is conveyed to the 
intrathoracic arteries. Because the venous return is impeded 
and the LV stroke volume decreases in early phase II, the 
SBP and pulse pressure fall dramatically. Cardiopulmonary 
and arterial baroreceptors have detected a decrease in BP 
by the end of phase II. Sympathetic cardiac innervation and 
parasympathetic withdrawal together boost the HR well 
above baseline, while sympathetic activation causes a small 
rise in BP toward baseline. In phase III, the mechanical 
release of intrathoracic pressure results in a brief drop in 
BP. A sympathetically engaged heart pumps blood into 
a vasoconstriction circulation during phase IV when the 
previously obstructed venous return is rapidly restored to 
the chest. When the BP rises significantly over normal (the 
overshoot), the increase in baroreceptor stretch triggers an 
instantaneous sympathetic withdrawal and parasympathetic 
activation, which significantly slows the HR

[37]

SBP response to 
standing

The subject is instructed to stand 
upright from a supine position

Slight drop in BP occurs upon standing, due to pooling 
of blood in dependent circulation. The immediate 
compensatory peripheral vasoconstriction and tachycardia 
result in little/no change in BP

[38]

DBP response to 
sustained handgrip

The subject squeezes the 
dynamometer to isometric maximum, 
then holds at 30% maximum for 5 min

Sustained muscle contraction leads to increase in SBP, 
DBP, and HR. Normally, DBP increases by 16 mmHg

[30]

Head-up tilt test More precise form of the orthostatic 
test since it prevents the contraction 
of the leg muscles, which can lessen 
blood pooling in the lower limbs

Increase in SBP, DBP, and HR is seen

BP: Blood pressure, SBP: Systolic BP, DBP: Diastolic BP, HR: Heart rate, ECG: Electrocardiogram, LV: Left ventricular
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ACC and AHA recommend invasive or noninvasive 
imaging of the coronaries in asymptomatic patients only if 
three or more risk factors are present. Risk factors include 
age >65 years, DM, prior CAD, on dialysis for at least 
1 year, left ventricular hypertrophy, smoking, hypertension, 
and dyslipidemia.[48] However, coronary revascularization 
before transplant in asymptomatic candidates with known 
CAD has not been found to reduce perioperative cardiac 
events. Those with advanced triple vessel CAD and those 
with EF ≤30% or severe valvular heart disease should be 
excluded from kidney transplantation unless their estimated 
survival is high as per national standards.[47] For patients 
undergoing coronary revascularization with stenting or 
bypass grafting, transplantation should be delayed for 
an appropriate amount of time as recommended by the 
patient’s cardiologist and as outlined in section “coronary 
angiography and revascularization.” The cardioprotective 
drugs including antiplatelets, beta-blockers, and statins 
should all be continued while on the waiting list and 
perioperatively.

Special preoperative considerations in patients with 
diabetes mellitus undergoing bariatric surgery
Patients with obesity and DM awaiting bariatric surgery 
should be screened for obstructive sleep apnea (OSA) 
and obesity hypoventilation syndrome (OHS).[8,49] OHS 
is defined as a combination of obesity (body mass 
index ≥30 kg/m2), daytime hypercapnia (arterial carbon 
dioxide tension ≥45 mmHg), and sleep-disordered 
breathing, after ruling out other disorders that may cause 
alveolar hypoventilation.[50] Numerous complications 
such as CAD, HF, stroke, and metabolic syndrome, are 
linked to obesity and OSA. OHS is linked to considerably 
higher morbidity, including angina pectoris, pulmonary 
hypertension (30%–88%), cor pulmonale, HF (including 
obesity-related cardiomyopathy), and increased 
perioperative mortality.[51] OHS should be screened 
preoperatively using screening questionnaires, serum 
bicarbonate levels, and peripheral oxygen saturations. 
Patients who are at high risk for OHS and having 

Table 5: Recommendations on preoperative initiation and continuation of pharmacologic therapy for patients with 
hypertension and/or heart failure#

Pharmacologic 
agents

Recommendations 
regarding continuation

Recommendations regarding initiation Other comments

Beta-blockers To continue To initiate hypertension, before a high-risk surgery, 
only if the patient has known CAD or has ≥2 
clinical risk factors for CAD or ASA status 3
To initiate at a low dose, preferably between 
30 days to at least 2 days before surgery and 
should be continued postoperatively
Initiation before a low-risk surgery and at high 
dose is not recommended

Preferred agents are atenolol and 
bisoprolol (not metoprolol)
Target resting HR is between 60-70 bpm and 
SBP >100 mmHg

Diuretics To continue till the day of 
surgery and resume orally as 
soon as feasible

May be initiated for rapid BP control, close 
preoperative evaluation for fluid status and 
electrolytes

To monitor for dyselectrolytemia including 
hypokalemia and hypomagnesemia and major 
or symptomatic dyselectrolytemia should be 
corrected in advance before surgery
No benefit of delaying surgery for minor 
asymptomatic electrolyte disturbances
Perioperative close monitoring of volume status

ACEi/ARB To continue till 24 h before 
surgery for patients with stable 
HFrEF
For patients with hypertension, 
temporary discontinuation 
perioperatively followed 
by reinitiation once 
hemodynamically stable

To initiate at least 1 week before surgery for 
cardiac-stable patients with HFrEF

Close monitoring of BP and fluid status 
perioperatively

Calcium 
channel 
blockers

To continue Can initiate for rapid BP control
Can initiate for the reduction in HR
May initiate for HR reduction in patients with 
HFrEF if they cannot tolerate beta-blockers
Better to avoid short-acting dihydropyridines like 
nifedipine as they have been found to increase 
perioperative mortality

#CAD: Coronary artery disease, ASA: American Society of Anesthesiologists, BP: Blood pressure, ACEi: Angiotensin-converting enzyme inhibitor, 
ARB: Angiotensin receptor blocker, HFrEF: Heart failure with reduced ejection fraction, HR: Heart rate
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major surgery should be referred for further evaluation 
of pulmonary hypertension and sleep-disordered 
breathing. Appropriate preoperative initiation of positive 
airway pressure therapy and planning of perioperative 
techniques (anesthetic and surgical) should be done to 
optimize outcomes.[8]

conclusion

Patients with DM should be screened for cardiovascular 
risk before high-risk elective surgeries, irrespective of the 
presence of symptoms. Scoring systems should be used 
to decide the patient’s preoperative risk. Preoperative 
evaluation should be based on the risk of the procedure 
and the patient’s risk profile. Patients with nonischemic 
cardiac diseases such as HF, cardiac autonomic 
neuropathy, and hypertension require additional testing 
and optimization of their medications before surgery. 
Proper preoperative cardiac evaluation can grossly reduce 
perioperative mortality and adverse cardiovascular 
events.
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introduction

Obesity is a chronic metabolic disorder and contributes 
to more than 80% of the overall risk of developing 
T2DM.[1] Insulin resistance is at the core of both 
adiposity and T2DM. Around 33% of men with T2DM 
have hypogonadotropic hypogonadism (HH) and this 
augments their risk of cardiovascular (CV) and all-cause 
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mortality. Another 33% of men with obesity or T2DM 
have subnormal free testosterone concentrations with 
inappropriately normal gonadotropin concentrations.[2] 
Men with HH are more prone to developing T2DM. Men 
with general debility and poor health will experience 
accelerated age-related decline in their androgen 
levels.[3] Motivational weight loss helps correct erectile 
dysfunction and low T levels in overweight or obese 
men.[4,5]

Aging in men is accompanied by a small but progressive 
decline in several sex hormones, in particular total and 
free testosterone (FT) and dehydroepiandrosterone 
(DHEA).[6] Testosterone (T) is present in three different 
forms in the human blood circulation. About half of 
circulating testosterone is bound to SHBG, and another 
close to half to albumin. As a result only 0.5% to 3% of 
the testosterone is non-protein-bound, and is referred to as 
Free T.[7] Bioavailable T (the sum of FT plus HSA-bound 
testosterone) ensures optimum bone mineral density 
and muscle strength, induces hematopoiesis, improves 
sexual performance along with libido, and provides 
a cardioprotective effect. There may be some relative 
increases in luteinizing hormone, follicle-stimulating 
hormone, and sex hormone-binding globulin levels.[8]

In the landmark Baltimore Longitudinal Study of Aging, 
hypogonadism was observed in 20% of men over 60 years 
of age, in 30% of men over 70 years and in 50% of men 
over 80 years of age.[6] Hypogonadism in aging men, 
referred to as late-onset hypogonadism (LOH),[9] is 
defined as a clinical and biochemical set of symptoms that 
occur due to an age-related drop in testosterone levels.

Various scientific societies maintain that an insufficient 
circulating T cannot alone define LOH and that such 
T deficiency should be accompanied by specific 
symptoms.[10] Cluster of symptoms due to T deficiency 
include psychological (e.g., depression), physical (e.g., 
fatigue), and sexual dysfunction. Several clinical 
practice guidelines recommend testosterone-replacement 
therapy (TRT) for adult hypogonadal men with 
inadequate T levels, with an aim to ensure symptomatic 
relief and to raise the T levels close to the mid-normal 
range for young men.[11-13]

Over the last decade, an exponential increase has been 
reported globally, in testosterone use, simply to address 
vague symptoms. In fact, many men, lured by some 
tall claims made by direct advertisers, have received T 
not for any confirmed, symptomatic T deficiency, but 
purely to boost up their body image and libido. Lack of 
evidence-based prescriptions of TRT was noticed when 

a large cohort of 63000 men from the Truven Health 
Marketscan® Commercial and Medicare Supplemental 
Insurance Database was analyzed, with 29% of the 
beneficiaries being offered TRT without any baseline T 
estimation. Only 12% had their gonadotropins measured 
before the initiation of TRT.[14]

T levels start declining from fourth decade onwards in 
males. This decline has been implicated in the increased 
all-cause mortality and CV risk.[15,16] However, simply 
offering TRT to patients with low T does not necessarily 
guarantee reduction in the risk of CVD and/or overall 
mortality.[17,18] Whether low T and CV risk have a specific 
cause-and-effect relationship remains an enigma.[19] 
Many observational studies have concluded that T 
deficiency is associated with an increased number of 
major adverse cardiovascular event (MACE) (such as 
myocardial infarction [MI] and stroke) and total or CV 
mortality [Table 1]. However, most of these studies were 
not designed to capture CV events as a primary outcome 
and hence had excluded persons with history of CVD.[20]

Confoundingly, the impact of TRT on CV outcomes 
remains contested especially in subgroup of men with 
obesity ± T2DM and/or metabolic syndrome.[21,22] The 
dose of TRT and the mode of administration remain 
contentious.[23] More effective routes of testosterone 
administration include intramuscular (IM) injection or 
skin application in the form of gel.[24]

Epidemiological studies reveal an increased prevalence 
of sexual dysfunction in men with T2DM.[2,25,26] Sexual 
dysfunction leads to poor quality of life and is the key 
symptom of functional hypogonadism in men with 
T2DM.

The 2016 guidelines of the Australian Endocrine Society 
had endorsed an earlier 2015 position statement by the 
Food and Drug Administration (FDA).[27] that described 
the differences between true hypogonadism (which occurs 
due to some congenital or acquired organic damage to 
the brain or the testis and requires TRT) and LOH (due 
to age-related comorbidities, it may not require TRT).

Unlike the FDA, the American Urological Association, 
The American Association of Clinical Endocrinology 
(AACE) and the American College of Endocrinology 
(ACE) recommend the use of TRT in symptomatic 
confirmed hypogonadal men regardless of etiology, 
only after appropriately counseling the patients about 
the potential risks.[27]

It is difficult to establish whether restoring T levels to 
normal values by adequate TRT protects against MACE 
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or impedes the progression of atherosclerosis. This can 
be done only with the help of properly designed, large 
multi-center RCTs of long duration.

thE KnowlEdgE gap

After careful examination and analysis of the literature, it 
is apparent that there are gaps in the medical community’s 
understanding of the CV benefits and hazards of TRT in 
older males with symptomatic hypogonadism. Although 
exogenous TRT reduces fat mass and increase muscle 
mass, its effects on symptoms of sexual dysfunction[28-30] 
and CV parameters[31-33] are not uniform. Moreover, the 
long-term risks of TRT in men with T2DM and functional 
hypogonadism remain unclear.

Practicing HCPs have been confronted with conundrum 
regarding the safety of TRT, following red flags raised by 
the FDA in their 2015 position statement concerning TRT.

To address these gaps, the questions were articulated 
with a goal to answer them through high-quality 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA)-based analysis of the 
literature [Table 2].

In an attempt to get the better of the limitations of 
the currently available evidence, an updated, in-depth 
systematic review of all placebo-controlled randomized 
clinical trials (RCTs) and relevant observational 
studies on the effect of TRT on CV-related outcomes 
was performed. Specifically, the focus was on older 
hypogonadal men, especially the ones with Type 2 
diabetes, obesity, and/or metabolic syndrome.

mEthods

This systematic review follows the PRISMA 2020 
statement: An updated guideline for reporting systematic 
reviews.[34] An extensive search of select trials and 
relevant reviews was conducted and the results are 
described below.

data sourcEs and sEarchEs

The PubMed and Google Scholar were searched for 
relevant literature in English language, published between 
January 2000 and July 2021. Terms such as “testosterone,” 
“TRT,” “androgen replacement therapy,” “type 2 diabetes” 
“obesity,” “metabolic syndrome,” “hypogonadism,” and 
“trial” were used for this screening purpose.

The initial research resulted in over 20,000 papers. After 
refining the search by using the keywords in conjunction 
with each other, a total of 723 papers were shortlisted. 
A thorough screening of the abstracts, key objectives, and 
conclusions of these 723 studies was carried out. Out of 
the 160  pertinent papers quoted, 34 studies formed the 
main corpus of this review.

RCTs, which captured CV events by both the study 
arms, were included for further analysis. Studies, which 
reported CV events only in the active TRT arm but failed 
to share similar data for the placebo arm, were excluded. 
The main text of this systematic review highlights the 
salient features of select studies, while the rest of the 
included research is summarized in the attached tables. 
Figure 1 outlines the search and selection protocol.

data Extraction and Quality assEssmEnt

A statistician  was engaged to calculate the number of trial 
participants randomized to various study arms, and to record 
the CV events in each arm. For quality assessment of the 
trials included, the following parameters were considered: 
presence of tables enumerating individually, various 
CV-related events experienced during the trial duration, 
and information regarding whether such events preceded 
the allocation to either TRT or a placebo (non-TRT) arm.

sEnsitivity analysis

The key sensitivity analyses looked at the baseline T 
levels and the type of TRT used while studying their 

Table 1: Population‑based cohort studies showing association between low T and total or cardiovascular mortality

Author/year Number of patients Mean follow‑up (years) Mean age (years) Results 
Effect size (95% CI)

Smith[61] (2005) 2323 16.5 52.1 RR 1.39 (1.00-1.93)
Araujo[116] (2007) 1686 15.3 55 RR 0.81 (0.52-1.31)
Khaw[104] (2007) 2314 7 67.3 RR 1.82 (1.17-2.74)
Laughlin[106] (2008) 794 11.8 73.6 HR 1.38 (1.02-1.85)
Haring[47] (2010) 1954 7.2 58.7 RR 4.93 (1.21-20.26)x

Shores[85] (2012) 1031 3.5 62.1 HR 0.61 (0.42-0.88)
Pye[121] (2014) 2599 4.3 40-79 RR 2.30 (1.20-4.20)y

xRelative risk comparing the upper versus the lower tertile of testosterone levels, yRelative risk comparing patients with low testosterone 
levels (<230.736 ng/dL) versus eugonodal. RR: Relative risk, HR: Hazard ratio, CI: Confidence interval
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individual impact on occurrence of CV events. CV 
mortality was included as an outcome of interest. The 
risk of bias was studied using the Cochrane Risk of Bias 
Tool. The overall quality of the 34 studies included in 
the current manuscript, ranged from low to medium in 
terms of their methodology. The average duration of these 
studies varied from 3 months to 3 years.

discussion

The discussion will focus on studies addressing the 
research questions mentioned in Table 2.

thE linK bEtwEEn obEsity, typE 2 diabEtEs 
mEllitus, and mEtabolic syndromE with 
hypogonadism

According to Quang and Kalhan,[35] T2DM and/or 
metabolic syndrome are associated with HH. An alarming 
number (40%) of men with T2DM were found to have 
hypogonadism by some studies.[36,37] Up to 75% of such 
individuals may present with symptoms such as altered 
libido and erectile issues including lack of morning 
erections.

Lowered circulating total testosterone level in obese 
males is partly explained by diminished SHBG levels 
documented in such individuals. Three peptides, 
kisspeptin, NKB, and dynorphin (DYN), are found in 
a single subpopulation of neurons in the hypothalamic 
arcuate nucleus (ARC). The inputs from these 
neurons regulate pulsatile GnRH secretion.[38] The 

GPR54-kisspeptin pathway is downregulated in morbid 
obesity and T2DM. This leads to suppression of the 
hypothalamic–pituitary–testicular axis and low serum T 
levels. A vicious cycle of excess visceral fat and a flare-up 
of pro-inflammatory cytokines ensues, augmenting the 
CV risk in such individuals. PWD  have lower circulating 
T compared to normal individuals.[39] Interestingly, 
higher T levels have been reported to mitigate the risk 
of developing T2DM.[40]

Various studies looking at the aging male have found both 
low T and low SHBG to be vital risk factors for metabolic 
syndrome and T2DM, in both obese and nonobese 
men.[41-43] Holmboe et al.[44] in a study that included 5250 
Danish men followed for almost three decades, observed 
that participants with low T and low SHBG had greater 
chance of developing T2DM. Low T has been identified as a 
marker for obesity[45,46] and vice versa, obesity is implicated 
as a driving factor in T deficiency.[47] An increased incidence 
of diabetes is noticed in men with Klinefelter’s syndrome. 

Table 2: List of questions articulated for the purpose of 
systematic review

S. No. Review Questions
1 What is the link between obesity, T2 DM and MetS with HH?
2 How does TRT affect persons with T2 DM or MetS?
3 Does TRT in hypogonadal males cause any adverse CV 

effects?
4 Does TRT offer protection against CVD and stroke?
5 How does, higher or lower level of endogenous testosterone, 

affect occurrence of CVD in older men?
6 What is the risk of thromboembolism with TRT?
7 What is the level of evidence currently available regarding 

TRT?
8 What is the current guidance for TRT and what should be the 

future strategy?
9 What are the reasons for the contradictory CV results reported 

by various TRT trials and how do we address them?
10 What have we learned from meta-analyses exploring the 

impact of testosterone on CV health in hypogonadal men?
T2 DM: Type 2 diabetes mellitus, TRT: Testosterone-replacement therapy, 
CV: Cardiovascular, CVD: CV disease, MetS: Metabolic syndrome, 
HH: Hypogonadism

Figure 1: Flow diagram depicting the literature search and selection 
protocol
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Abrupt withdrawal of TRT in men with hypogonadism 
can lower their insulin sensitivity.[48] Androgen deprivation 
therapy for prostate cancer can precipitate hyperglycemia 
and some features of the metabolic syndrome.[49] Such 
observations endorse the medical opinion that T deficiency 
may cause diabetes in some men.

In spite of availability of such indicative findings, 
strategies to prevent T2DM do not focus on low T. 
This is explained by the unavailability of proven 
causal relationship of low T with T2DM and by the 
tendency to pursue weight reduction to correct low 
T. A large number of males with metabolic disorders 
exhibit functional interruption of their gonadal axis, 
accompanied by moderate reductions in T levels. Such 
low T concentrations respond well to appropriate weight 
reduction and management of comorbidities. Majority 
of older PWD with symptomatic hypogonadism may 
require simultaneous lifestyle modification, TRT and 
therapies to address erectile dysfunction.[50]

EffEcts of tEstostEronE‑rEplacEmEnt thErapy 
in pErsons with typE 2 diabEtEs mEllitus or 
mEtabolic syndromE

In a study by Daka et al.,[51] PWD were found more prone 
to develop acute MI if their T levels were low. TRT, 
offered for adequate duration to hypogonadal PWD or 
MetS appears to favorably impact many of the associated 
risk factors for CVD in these subjects. Reduction of 
central adiposity and a subsequent decrease in insulin 
resistance, point to a possibility of CV benefits with TRT 
of longer duration.

Parameters such as waist circumference (irrespective of 
BMI), insulin resistance, fasting blood sugar, HbA1c, 
and serum leptin levels came down from baseline in 
the TRT arm compared to placebo users.[31,36,52] Overall 
impact on lipids was neutral.[53] T-induced decreases in 
various harmful lipid fractions can alleviate CV risk. 
However, T may marginally decrease the levels of the 
‘good’ HDL cholesterol.

In the TIMES2 (Testosterone replacement In hypogonadal 
men with either MEtabolic Syndrome or type 2 diabetes) 
study by Jones et al.[54] transdermal TRT continued for 
at least 6 months resulted in improvement of insulin 
resistance, lipid levels and health-related quality of life 
in the study subjects [Table 3].

A meta-analysis by Corona et al.,[55] while attempting 
to examine the relationship between TRT and T2DM, 
revealed that TRT facilitates glycemic control and 

optimizes HbA1C, triglycerides, and body fat mass in 
PWD.

Corona et al.[56] tried to decipher the link between 
testosterone and MetS by carrying out a meta-analysis 
that included 21 studies exploring the role of TRT in 
MetS. The findings of this meta-analysis indicated that 
TRT led to improvement of fasting plasma glucose, 
fasting triglycerides, HDL, insulin sensitivity and waist 
circumference, without any impact on total cholesterol 
or the BMI.

TRT was shown to improve exercise tolerance and delay 
appearance of effort induced ST segment changes during 
a treadmill test.[57] T could increase the myocardial 
perfusion supplied by unobstructed coronary arteries. 
TRT has been shown to alter inflammatory markers 
favorably, levels of tumor necrosis factor alpha go down 
and those of interleukin-10, which is anti-inflammatory 
in nature, increase.[58,59]

Optimum treatment with physiological replacement doses 
of T in the elderly males has no documented adverse 
impact on the serum levels of the inflammatory marker 
high-sensitivity C-reactive protein (CRP).[60] TRT does 
not alter the levels of prothrombotic factors such as tissue 
plasminogen activator, plasminogen activator inhibitor-1, 
and fibrinogen.[61] Li et al.,[62] while sharing the results 
of a meta-analysis, observed that TRT improved the 
metabolic milieu and facilitated weight loss.

advErsE cardiovascular EffEcts of 
tEstostEronE‑rEplacEmEnt thErapy in mEn with 
low tEstostEronE

Responding to a spurt of T prescriptions, certain 
investigators conducted trials that suggested that TRT 
caused adverse CV events.[63,64] One of these trials 
called the Testosterone in Older Men With Mobility 
Limitations (TOM)[65] had to be prematurely stopped 
because of excessive CV events in the TRT arm. 
This instigated the FDA to investigate the suspected 
detrimental role of TRT in causing adverse CV event rate.

The TOM trial results were released in 2010. Interestingly, 
the trial had aimed primarily to study improvement in leg 
muscle strength with TRT, but had to be halted in view of 
a larger number of CV events in the TRT arm, compared 
to the placebo arm (23 versus 5 events). Another peculiar 
finding of this study was that, while on TRT, persons 
with T levels in excess of 500 ng/dL suffered from more 
adverse CV events compared to those whose T levels 
remained below 500 ng/dL. The elder population with 
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multiple comorbidities were perhaps exposed to stringent 
exercise protocol enforced during the trial.

This trial received criticism because of the short duration 
of TRT (6 months) and very wide confidence intervals 
arrived at, possibly due to erroneous statistical analysis. 
The TOM[65] investigators later on agreed that their results 
could be a chance occurrence.

Subsequently, the FDA analysis took cognizance of two 
observational and retrospective trials.

The first trial results reported by Vigen et al.[22] shared 
outcomes of 8709 hypogonadal men (T levels <300 ng/dL), 

who underwent coronary angiography earlier. Men who 
were offered TRT postcardiac catheterization had higher 
number of cardio-cerebrovascular events compared to the 
group never initiated on TRT, irrespective of presence 
or absence of CAD. Both the groups had similar control 
of their risk factors such as blood pressure and lipids 
and comparable use of secondary prevention medicines 
as indicated.

A year later, a statistical correction was announced by 
Vigen et al.,[66] stating that the rate of CV events in the 
active TRT arm was actually lower by 50% compared to 
the no-TRT arm. This meant a major deviation from the 

Table 3: Trial studying the effects of testosterone‑replacement therapy in persons with type 2 diabetes mellitus or 
metabolic syndrome

Study authors Quang L M, Kalhan A[35] (2018) Jones et al.,[54] (2011) Mathur et al.,[60] (2009) Malkin et al.,[57] (2004)
Study design Retrospective review of the 

literature
RCT RCT RCT

Study duration 12 months 12 months 12 weeks
Number of patients 729,927 Testosterone: 7 

PLB: 6
Testosterone: 5 
PLB: 5

Mean age (years) >59.5 59.9 65 60.8
Intervention Different formulations (gel: 90%, 

injection: 9.0%, oral pill: 1.0%)
Transdermal 60 mg 
testosterone gel once daily

IM TU 1000 mg at weeks 2, 
8, 20, 32 and 44

IM 100 mg testosterone 
every 2 weeks

Percentage baseline 
participants with T2D

>15 62 23 50

Outcome All-cause mortality, MACE IR, CV risk and symptoms Exercise induced ischemia, 
lipids, CIMT and body 
composition

Time to ischemia, 
QOL, total cholesterol 
and serum TNF-a

HR, OR NA NA NA 2.2 (1.4-3.6)
P <0.01 HOMA IR 0.006; HbA1c 

0.035
Time to ischemia 0.02, 
Hb% 0.04, BMI reduction 
0.04, reduced TG 0.05

<0.0001

HR: Hazard ratio, OR: Odds ratio, MACE: Major adverse CV events, NA: Not available, RCT: Randomized clinical trials, CV: Cardiovascuar, IR: Insulin 
resistance, HOMA IR: Homeostatic model assessment for IR, HbA1c: Hemoglobin A1c, IM: Intramuscular, TU: Testosterone undecanoate, CIMT: Carotid 
intima-media thickness, BMI: Body mass index, TG: Triglycerides, QOL: Quality of life, TNF-a: Tumor necrosis factor α, PLB: Placebo

Table 4: Trials studying adverse cardiovascular effects of testosterone‑replacement therapy in men with low testosterone

Study authors Basaria et al.,[65] (2010) Vigen et al.,[22] (2013) Finkle et al.,[72] (2014) Xu et al.,[73] (2013) Budoff et al.,[74] (2017)
Study design RCT Retrospective cohort 

study
RCT Systematic review 

and meta analysis
RCT

Study duration About 6 months 27.5 months 90 days >12 weeks 12 months
Number of 
patients

209 8709 55,593 2994 138, Testosterone: 73, 
PLB: 65

Mean age (years) >65 61.5 >65 >45 71.2
Intervention 10 g topical testosterone 

gel
Different testosterone 
formulations and 
dosing (injection, gel 
or patch)

Topical gel or 
testosterone patch

Various 
testosterone 
preparations

Testosterone gel, with 
the dose adjusted

Percentage baseline 
participants with  
T2D

24 Treated: 53.2
Untreated: 55.7

NA NA NA

Outcome CV events CV events CV events CV events Plaque volume
HR, OR 10.6 (1.3-84.5) 1.29 (1.05-1.58) 2.19 (1.27-3.77) 2.06 (1.34-3.17) 41 mm3 (14-67)
P 0.05 0.02 0.03 0.03 0.003
HR: Hazard ratio, OR: Odds ratio, RCT: Randomized clinical trials, CV: Cardiovascuar, NA: Not available, PLB: Placebo
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groups’ data published in 2013. Other shortcomings, such 
as offering low-dose topical TRT, not achieving adequate 
concentrations of T, lack of clarity regarding the duration 
of prescription, failure to repeat T tests periodically 
during follow-up, and statistical errors, were chastised 
by several critics.[15,67-71]

A retrospective cohort study reported in 2014 by Finkle 
et al.[72] observed that after the first prescription of a 
topical T preparation in elderly persons over 65 year old, 
or in persons <65 years of age with prior history of heart 
disease, the risk of developing an acute nonfatal MI was 
significantly elevated. This risk remained substantially 
higher when compared to the use of phosphodiesterase 5 
inhibitors in similar age group people in either category.

Despite the flaws identified later on, both of the 
abovementioned trials garnered undue publicity after 
managing some unfounded spread of misinformation 
claiming enhanced cardio-cerebrovascular events due to 
TRT. In fact, this instigated the New York Times to come 
out with an editorial captioned “Overselling Testosterone, 
Dangerously.”

Xu et al,[73] conducted an important systematic review 
and meta-analysis of TRT that included only those trials 
where TRT was offered for at least 3months or longer. 
The authors concluded that more acute adverse CV events 
occurred mainly in T users with high background CV risk 
(any T preparation). There were differences observed in the 
results of various placebo-controlled trials included in this 
meta-analysis, and pharma sponsors could, according to the 
authors, due to influence, wield these. It was felt by various 
critics that the selection of trials for this research was biased 
in favor of studies that had captured CV event(s).

Budoff et al.[74] studied the impact of daily topical TRT 
on noncalcified coronary artery plaque volume. The 
calibrations were done using computer-aided coronary 
angiography. TRT was found to increase this parameter 
compared to a placebo, despite the fact that the elderly 
citizens who received TRT harbored more CV risk factors 
such as dyslipidemia, hyperglycemia, and high blood 
pressure, compared to placebo users [Table 4].

Soisson et al.[75] observed that in senior male citizens, 
a level of CRP ≥2 mg/L suggestive of subclinical 
inflammation may accompany reduced plasma T levels 
and higher carotid intima-media thickness

According to some researchers, TRT can lead to 
worsening of OSA-obstructive sleep apnea[76] and an 
overexpression of vascular cell adhesion molecule 
1 (VCAM1),[77] and together these deleterious effects 

can accelerate the process of atherosclerosis and partially 
explain the higher incidence of CV events reported by 
some TRT studies. In general, short-term worsening 
of parameters such as oxygen desaturation index and 
nighttime hypoxemia are noticed in obese men with 
preexisting severe OSA, once they are initiated on TRT. 
Long-acting testosterone undecanoate preparations have 
been shown to improve insulin sensitivity and diminish 
hepatic fat deposition.[76]

Low serum T level has been implicated as an independent 
risk factor in the development of Non-Alcoholic Fatty 
Liver Disease (NAFLD).[78] Seo et al.[79] could document 
low T levels in NAFLD candidates compared to normal 
individuals. A recent study has witnessed improvement in 
liver function in hypogonadal males, when they were put 
on long-term TRT.[80] Every improvement in the features 
of NAFLD can translate into lower incidence of CVD.[81]

Testosterone and its metabolites can exert varied impact 
on the CV system, making the pathophysiological 
connect between low T, TRT, and CVD, difficult 
to understand [Table 5].[82-84] Reduced T levels 
can compromise endothelial health and coronary 
microcirculation.[35]

In summary, the aforementioned studies that have tried 
to highlight the CV hazards of TRT have been unable to 
put forth any unequivocal or convincing proof of their 
claims. This lack of clarity stems from analytical bias/
errors and questionable study protocols.

EffEcts of tEstostEronE and its mEtabolitEs on 
thE cardiovascular systEm

Several elegant papers have alluded to the CV protective 
benefits of TRT in hypogonadal men. Two of the studies 
reviewed by the FDA had demonstrated an increase in 
mortality when hypogonadal men were not offered TRT. 
Shores et al.[85] could show a statistically significant 50% 
drop in mortality in the older veterans put on adequate 
TRT, compared to those who were not initiated on TRT. 
The mortality benefit of TRT persisted even after taking 
into account all confounders such as age, BMI, baseline 
T levels, and other comorbidities. The Shores study was 
criticized for its faulty methodology. Another important 
study involving persons with T2DM and confirmed 
hypogonadism was done by Muraleedharan et al.[86] 
The researchers retrospectively looked at the all-cause 
mortality rates of participants with T levels of ≤300 ng/dl 
and found them to be twice as high, compared to those 
PWD with T levels >300 ng/dl. Those study participants 
who were offered long-term TRT had much lower 
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mortality rates (8.4%) compared to those who did not 
receive TRT (19.2%).

Sharma et al.[87] retrospectively studied a large cohort of 
veterans with low T. The authors conceptually divided 
this large cohort into three clinical groups: Group 1 were 
the complete responders to TRT, Group 2 participants had 
inadequate rise of their T in response to the given doses of 
TRT and Group 3 did not receive TRT. Group 1 people, 
whose T had risen into the desired range, had the lowest 
incidence of all-cause mortality and Cardio-Cerebrovascular 
events. This study underlined the importance of optimizing 
T levels nearer to upper values of normal range with the 
help of appropriate doses of testosterone.

Data provided by Anderson et al.[88] suggested that 
TRT for low testosterone (<212 ng/l) in men (mean 
age 62.2 years), managed by appropriately trained and 
qualified physicians is relatively safe at the end of 1 
and 3 years of adequate TRT, when TRT to high levels 
is avoided. A total number of 4,736 hypogonadal men 
were studied to capture composite of all-cause death or 
nonfatal MI or stroke as a primary endpoint. TRT could 
normalize the T to desired levels and resulted in lower 
mortality and CV morbidity.

Wallis et al.[89] retrospectively analyzed a large cohort 
of elderly hypogonadal men. Approximately 27% 
of them were offered TRT and the rest of the study 
population served as controls. They were followed up 
for over 5 years. TRT users had statistically significantly 
lower mortality and fewer adverse CV events, compared 
to controls.

Baillargeon et al.[90] carried out an in-depth retrospective 
analysis of 6355 men suffering from hypogonadism and 
concluded that TRT not only is CV safe but may even 
confer some CV protection to the hypogonadal males 
having multiple CV risk factors.

Hackett et al.[91] made an incisive analysis of the impact 
of TRT initiation either alone, or along with PDE5i and 
HMG-CoA inhibitors on all-cause mortality in T2DM 
men with hypogonadism. The authors concluded that 
PWD with low T who were not offered TRT had the 
highest all-cause mortality when compared either to 

those PWD whose low T was adequately corrected with 
TRT, or to the members of the study cohort who already 
had normal T levels since their inclusion in the study. 
According to the authors, combination of TRT, PDE5i 
and statins proved to be synergistic and helped bring 
down mortality rates in the aging elderly males.

Cheetham et al.[92] carried out a retrospective cohort study 
to examine the effects of dispensed TRT on incidence 
of Cardio-Cerebrovascular events and sudden cardiac 
death (SCD) in men aged 40 years and above having 
documented low T levels. The authors opined that 
dispensed TRT provided to men with hypogonadism, 
helped in bringing down occurrence of MACE, SCD, 
Strokes and the need for coronary stenting or bypass 
grafting, by an impressive 33%.

Traish et al.[93] furnished interesting and reassuring results 
of an observational study carried out by them to ascertain 
the safety and efficacy of long term T Undecanoate (TU) 
therapy in men with hypogonadism. The authors stated 
that prolonged TU therapy was uniquely safe and 
ensured excellent patient adherence to the treatment. 
Moreover, this treatment protocol was associated with 
negligible mortality or occurrence of no-fatal cardio or 
cerebrovascular events.

Gagliano-Jucá et al.[94] selected two RCTs (the testosterone 
and pain and the testosterone effects on atherosclerosis in 
aging men [TEAAM] trials) to assess the changes, if any, 
induced by TRT on electrocardiographic parameters such 
as corrected QT (QTc) interval. The authors surmised 
that TRT helps in preventing the age related QTc interval 
prolongation. Muensterman et al.[95] could replicate these 
results in their series of hypogonadal men aged ≥65. 
Topical application of T in these men could prevent 
drug-induced QTc prolongation.

Snyder et al.,[30] while reporting results of their RCT, 
shared that TRT was as CV safe as a placebo at the end 
of 1 year of its regular topical use.

Basaria et al.[96] tried to ascertain in a RCT TEAAM 
whether TRT for older males with hypogonadism could 
arrest the progression of subclinical atherosclerosis 
and improve their sexual health and HRQoL. The 

Table 5: Effects of testosterone and its metabolites on the cardiovascular system

Harmful effects Cardioprotective effects
Increase blood viscosity due to pronounced 
erythrogenesis and platelet aggregability

Reduction in various CV risk factors such as visceral obesity, serum 
triglyceride, total cholesterol and BMI

Increased coronary artery noncalcified plaque volume Improvement in time to exercise-induced ischemia
Worsening of untreated OSA Arterial vasodilation due to enhanced nitric oxide release from the endothelium
OSA: Obstructive sleep apnea, CV: Cardiovascuar, BMI: Body mass index
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authors could document statistically insignificant, yet 
numerically visible decreases in intima-media-thickness 
in the aortic arteries and the coronary artery calcium 
scores, in individuals regularly using topical T daily for 
36 months.

Carson and Rosano[97] selected for a review article, 
several meta-analysis and RCTs published between years 
2004-2012. Their elegant effort endorsed the CV safety 
of TRT, when offered to older men (>45 years of age) 
with proved hypogonadism [Table 6].

Almost 20% of men with heart failure (HF) have 
symptoms due to established low T and the physical 
incapacities conferred by HF correlate well with the 
severity of hypogonadism, TRT offered to such HF 
patients can improve their exercise capacity and overall 
QOL and prognosis, especially when T2DM or obesity 
coexist.[98]

Several trials have shown that overweight men with 
hypogonadism display favorable body composition 
changes when initiated on TRT (an increase in lean body 
mass at the cost of body fat).[99,100] This could translate 
into a lower incidence of adverse CV events. Such 
metabolic benefits are not enjoyed by eugonadal men 
who were treated with T supplements.[101]

lEvEls of EndogEnous t affEcting thE 
occurrEncE of cardiovascular disEasE in oldEr 
mEn

Ohlsson et al.[102] tried to answer two questions when 
they chose to study 2416 elderly men, recruited in the 
MrOS (Osteoporotic Fractures in Men) trial. The first 
question was “Does endogenous T protect men against 
CV events?” And the second was “Can SHBG predict 
CV events?”, 485 CV events were recorded during the 
follow-up period. It was observed that T levels in the 
higher normal range (680 ± 127 ng/dL) in this study, 
correlated with a statistically vital 23% risk reduction of 
CV events during a 5-year follow-up, when compared 
to lower serum levels of T. High serum T but not SHBG 
offered such a benefit [Table 7].

Some of the participants in the Copenhagen City Heart study 
(4615 men) were followed up for 29 years. It was observed 
that those with significantly reduced levels of T had excessive 
occurrence of neuroischemic cerebral injuries,[103]  The 
European Prospective Investigation into Cancer in Norfolk 
study[104] came up with some interesting data. The authors 
found that every 173 ng/dl rise in endogenous T levels was 
associated with approximately 14% lesser risk of all-cause Ta
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mortality. Furthermore, it was observed that men with the 
highest levels of endogenous T enjoyed significantly lower 
possibility of all-cause mortality, compared to men whose 
T levels fell under the lowest segment. This study received 
flak because the investigators had managed only one 
measurement of total T and free T was never measured.[105] 
Yet another famous study came out with similar findings, 
wherein men whose T levels remained below 241 ng/dl ran 
a 38% higher risk of experiencing adverse CV events.[106]

Yeap et al.[107] studied 3690 community dwelling 
males, 70-89 years old who were residents of Perth 
city. They concluded that older men whose T and 
DHT (Dihydrotestosterone) levels remained above the 
desired mid-range experienced least all-cause mortality 
rates. Higher levels of the metabolite DHT were shown to 
mitigate the risk of mortality due to ischemic heart disease.

According to Goodale et al.,[108] high normal endogenous 
T concentration confers a reduced CV risk; TRT improves 
known CV risk factors and brings down mortality, when 
offered to T-deficient men compared to those T-deficient 
men who remain untreated.

An association has been repeatedly found between low T 
and other CVD risk factors such as high blood pressure, 
persistent hyperglycemia, dyslipidemia, and elevated 
fibrinogen values. English et al., in 2000,[109] could 
identify low levels of bio-available T in elderly males 
having preexisting CAD [Table 8].

Aging males with established hypogonadism are 
vulnerable to development of CVD and strokes. Tivesten 
et al.[110] could highlight the relationship between low T 
and low serum free T with presence of PAD (peripheral 

arterial disease) in seventy-plus men. Akishita et al.,[111] 
in their study of 171 middle-aged men age, could reiterate 
the independent relationship between low endogenous T 
and the higher associated risk of CV events.

Araujo et al.[112] did a systematic review and meta-analysis, 
trying to decipher the relationship between low endogenous 
T and mortality in older men. They could establish 
relationship between low titers of endogenous T and 
enhanced all-cause and CV mortality in the study subjects. 
However, statistically significant heterogeneity between the 
studies included in the meta-analysis, prevented the authors 
from issuing any firm conclusions. Militaru et al.[113] gathered 
from their small prospective study of older men with acute 
MI, that the lowest T levels were independently associated 
with maximum mortality rates. Thompson et al. in their 
study of 32 elderly men with stable CAD, concluded that 
acute T supplementation does not improve or deteriorate the 
onset and gravity of stress-induced myocardial ischemia in 
such individuals.[114] On similar lines, Li et al.[115] suggested 
in their study of 800 plus men that study participants 
whose T levels fell under the highest bracket, experienced 
statistically much less severe CV events.

Various epidemiological studies have observed that 
elderly men, whose T levels remain below normal, often 
succumb to a MACE.[116] Similar findings have been 
echoed in men with T2DM.[86] Hu et al.[117] studied a 
small number of 87 men in their early fifties who were 
suffering from various grades of CAD. These researchers 
could implicate both low endogenous T and higher BMI 
in the occurrence of CV events.

Farias et al.[118] tried to scrutinize the effects of low T 
on markers of atherosclerosis progression, in 79 PWD 

Table 8: Randomized placebo‑controlled testosterone trials done between year 2000 and 2009 with cardiovascular 
events as a primary endpoint

Factor English et al.,[109] (2000) Thompson et al.,[114] (2002) Malkin et al.,[57] (2004) Mathur et al.,[60] (2009)
Drug Testosterone patch Testosterone (IV) Sustanon (IM) TU (IM)
Dose 5 mg daily X 100 mg twice/week 1000 mg/12 weeks
Comparator Placebo Placebo Placebo Placebo
Randomization Adequate Adequate Adequate Adequate
Blinding Adequate Adequate Adequate Adequate
Drop-out Adequate Adequate Adequate Adequate
Intention-to-treat Yes Yes Yes Yes
Number of patients (AD/C) 22/24 34/34 10-October 07-June
Trial duration (week) 14 - 4 52
Age (year) 62 69.1 60.8 64.8
TT baseline (nmol/L) 12.9 NA 4.2 9.9
DM baseline (%) 15.3 NA 50 23.1
MI baseline (%) 10.9 32 30 30.8
X: The intravenous testosterone doses were individualized to produce physiologic (defined as double the baseline testosterone level) or supraphysiologic 
(6 × baseline) serum testosterone levels. AD/C: Active drug/comparator, TT: Total testosterone, DM: Diabetes mellitus, MI: Myocardial infarction, IV: 
Intravenous, IM: Intramuscular, TU: testosterone undecanoate in castor oil, NA: Not available
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aged around 50 years. The authors could infer that low 
total T appeared to be an independent risk factor (after 
discounting various confounders such as age, body mass, 
dyslipidemia, and degree of hyperglycemia) for progression 
of IMT (Intima-Media-Thickness) and worsening of 
endothelial dysfunction.

Haring et al.[118] carried out a population based study of 
1954 men, with average age 63 years and a low baseline T 
value of ≤250 ng/dl. Low baseline T levels were found to 
be directly associated with an excess of CV mortality after 
removing other possible risk factors such as lack of exercise, 
obesity, kidney impairment, and bad lifestyle habits.

Corona et al.[56] carried out a meta-analysis of more than 
12,500 individuals, all with low T. 41% of these persons 
had pre-existing CAD and they displayed much lower 
total T levels when compared to participants without 
pre-existing CAD. The authors postulated that lower total 
T levels, but not DHEA or elevated estradiol (E2) were 
independently contributed to the presence of prior CAD.

In yet another study of 3637 men aged around 77 years, 
Hyde et al.[119] found that lower free T levels were 
consistently and in a statistically vital manner, associated 
with higher CV mortality rates.

Soisson et al.,[120] while comparing the impact of both 
lower and higher endogenous levels of total T on 
incidence of ischemic arterial disease (IAD), found 
that both these extreme end levels of endogenous 
total T as well as the sum of albumin-bound and free 
T are significantly associated with greater number 
of IAD events. These observations underscore the 
importance of optimizing T levels in older men.

An independent association was documented 
between lowest T and free T levels and all-cause mortality 
in older men, during a retrospective analysis of their data 
captured over a 4-year follow-up period. This analysis was 
conducted by Pye et al.,[121] who had arrived at this conclusion 
after removing various confounders such as general debility, 
unhealthy lifestyle choices, dysglycemia, and obesity.

As can be seen from these studies, in elderly men, low 
T has a distinct association with higher CVD morbidity 
and mortality. Whether the low T is directly detrimental 
to the CV health of these individuals or just serves as 
predictor of impending CV events, remains contentious.

risK of thromboEmbolism with 
tEstostEronE‑rEplacEmEnt thErapy

Warnings issued by the FDA regarding possibilities 
of thromboembolism precipitated by TRT should 

be examined closely. All available modes of TRT 
induce very high concentrations of red blood cells 
and amplify platelet activation. These effects are 
thought to make the blood more viscous and result 
in thromboembolic events.[122] However, it is yet not 
clear whether this is per se due to TRT or due to an age 
related elevations of serum estrogens in hypogonadal 
elderly males.[123]

Recently, two different meta-analyses failed to pinpoint 
any increment of venous thromboembolism in patients on 
TRT, the first with odds ratio (OR) 1.9 (95% confidence 
interval [CI] 0.75–5.17)[123] and the second with OR 
1.41 (95% CI 0.96-2.07).[124] The route of T usage did 
not make any difference to these findings.

Discerning views were expressed by Martinez et al.[125] and 
Walker et al.[126] These two groups of investigators arrived at 
a common conclusion that venous thromboembolic events 
were frequently seen within 6 months of initiation of TRT 
in hypogonadal men, irrespective of the route of exposure.

lEvEl of EvidEncE currEntly availablE rEgarding 
tEstostEronE‑rEplacEmEnt thErapy

The FDA issued an advisory in 2015 that raised concerns 
regarding possible adverse CV effects of TRT. This 
was based on findings of few observational trials and a 
meta-analysis, that suggested greater risk of adverse CV 
events in the TRT arm[22,65,72,73] However, the observations 
made by Vigen et al.[22] were criticized for their flawed 
statistical analyses.

In contrast, Haddad et al.[127] and Corona et al.[128] found 
no increased CV risk in their research. In fact, several 
other observational studies[85-87,90] could demonstrate 
decreased CV risk or occurrence of MACEs[88] with 
TRT. A systematic review by Huo et al.[129] suggested 
that TRT might improve cardiac pump function and 
exercise tolerance.

currEnt guidancE for tEstostEronE‑rEplacEmEnt 
thErapy and thE futurE stratEgy

Certain evidence-based recommendations were made in 
2017 regarding offering TRT, guided by levels of low total T 
[Table 9]: [130] Symptomatic males with total T <230.8 ng/dL 
ought to be offered appropriate TRT. Initiating a therapeutic 
challenge with TRT for a minimum duration of 6 months 
would be justified when offered to men whose total T levels 
hover between 230 and 346 ng/dL.

The American Urology Association guidelines stress upon 
raising awareness regarding perils of untreated hypogonadism 
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in men including elevated CV risk.[131] According to the 
AACE/ACE,[13] it is advisable to confirm low total T or 
free T in two separate early morning blood samples. Once 
done, such low T levels should be accompanied by relevant 
symptoms to stamp a diagnosis of hypogonadism.

Most RCTs of TRT have not been specific CV outcome 
trials, rather they have occasionally reported CV outcomes, 
while pursuing other primary endpoints like Muscle mass 
and power, and impact on glycemia. Hence, most of 
these trials have refrained from including candidates with 
history of significant cardiac pump dysfunction, acute 
coronary syndrome or acute cerebrovascular accidents.[132]

In future, we need large and long-term RCTs of TRT 
in hypogonadal men with uniformly pre-specified and 
defined primary endpoints of MACE and mortality. 
Such RCTs should include a large number of older 
males with obesity, persistent hyperglycemia and 
classified metabolic syndrome. The TRAVERSE 
trial (ClinicalTrials.govIdentifier: NCT03518034),[133] 
is the first ongoing RCT that is empowered enough 
to issue a reliable guidance in future, regarding the 
influence of prolonged TRT on the CV system in men 
with hypogonadism and multiple metabolic disorders.

rEasons for thE contradictory 
cardiovascular rEsults rEportEd by various 
tEstostEronE‑rEplacEmEnt thErapy trials and 
ways to addrEss thEm?
The CV effects of TRT have been intensely 
s tud ied  and  wide ly  contes ted ,  wi th  mixed 
results in the literature.[22,16,65,69,72,73,128,134-137]

Factors responsible for the divergent results of 
TRT studies include dissimilar database,[138] some 
devoid of accurate description of various medical 

comorbidities[72,139,140] and health of the testes.[89,141] 
Methodological discrepancies,[142] such as immortal time 
bias[143] and having missed to regulate the time-oriented 
changes in various covariates, may also contribute to the 
conundrum.[90]

Nonuniform trial protocols, differing definitions of CV 
events, short duration of trial, lack of adequate statistical 
power to draw any firm conclusion, and questionable 
therapeutic strategies, all may additionally contribute 
to the contradictory CV outcomes of research focusing 
on TRT.

Prolonged T use in elderly men has been shown to confer 
CV benefits in several studies.[87,92,128] Sharma et al.[87] 
stated that TRT use could reduce all-cause mortality by 
an impressive 56% and the incidence of MI by 24%. 
Contrary to such reassuring reports, few studies involving 
short-term T use have shown evidence of harm. However, 
these studies had a number of shortcomings.[144]

Shores et al.[145] have attempted to overcome such 
methodological lacunae, while studying the association 
between TRT and CVD. The investigators recruited a 
cohort of military veterans, having high background CV 
risk.  The investigators divided T exposure as current use, 
former use, and no use, which helped them to capture 
intermittent treatment, too. They deftly bracketed T 
exposure into transdermal and IM formulations, thus 
considering the vast differences in Pharmacokinetics/
Pharmacodynamics (PK/PD) of these two types of T 
preparations.[146]

Shores et al.[145] also tried to compare current T users 
to previous T users in the large cohort of T‐treated 
men (82,555) and CV events, to remove bias arising out 
of comparing “any T use-no T use” categories of men or 
comparing T treated to untreated men.[147]

Table 9: Testosterone‑replacement therapy in men: Main indications and contraindications

Classical indications Usual indications Absolute contraindications Relative contraindications
Delayed puberty (constitutional 
or congenital forms: 
Hypogonadotrophic HH, 
Kallmann syndrome)

Men with low T levels and clinical symptoms of 
HH, particularly sexual dysfunction

Breast cancer Baseline hematocrit >50%

Klinefelter syndrome with HH Symptomatic LOH, confirmed twice by 
laboratory (biochemical) evidence of T deficiency

Prostate cancer Desire for fertility

Hypopituitarism Such men not contemplating or attempting to 
initiate pregnancy

PSA >4 (ng/mL)
Unexplained PSA elevation

Severe LUTS

Sexual dysfunction and low testosterone, not 
responding to PDE-5 inhibitors

Nodules or induration on 
per-rectal digital examination

Uncontrolled CHF (NHHA 
Class IV)

Low bone mass in HH Polycythemia (hematocrit >54%) Untreated OSA
PSA: Prostate specific antigen, LUTS: Lower urinary tract symptoms, LOH: Late onset HH, PDE-5: Phophodiesterase-5, CHF: Congestive heart failure, 
OSA: Obstructive sleep apnea, HH: Hypogonadism, NYHA: New York Heart Association 
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lEarning from mEta‑analysEs Exploring thE 
impact of t on cardiovascular hEalth in 
hypogonadal mEn?
The results of an earlier meta-analysis by Calof 
et al.[148] showed that the CV event rates remained 

unaffected by TRT. Similar findings have been shared 
by many other trials. A rise in hematocrit of more 
than 50% from baseline value was the most common 
side effect noted. This may prove detrimental in acute 
coronary syndrome, on the other hand, may be helpful 
in correcting anemia of old age. A small drop of HDL 

Table 10: Comparison of the included meta‑analysis

Study authors Calof 
et al.,[148] 
(2005)

Haddad 
et al.,[127] 
(2007)

Isidori et al.,[150] (2005) Fernandez 
et al.,[149] 
(2010)

Alexander 
et al.,[137] 
(2017)

Corona 
et al.,[151] 
(2018)

Study duration >12 weeks >12 weeks >12 weeks 3 months 3 days to several 
weeks

>12 weeks

Number of patients Testosterone: 
651 PLB: 433

Testosterone: 
808 PLB: 834

1083 2701 1,917,319 1,399,434

Mean age (years) >45 >55 64.5 58 >45 >45
Percentage baseline 
participants with T2D

NA NA NA NA NA NA

Outcome MACE MACE Body composition, muscle strength, 
bone density, markers of bone 
metabolism and serum lipid profile

To evaluate the 
adverse effects 
of TRT in men

MI, stroke, 
mortality

CV 
morbidity, 
mortality and 
HF

HR, OR NA OR for CV 
events: 1.82 

(95% CI: 
0.78-4.23)

Total fat mass −1.56 (−2.69-−0.63)
Total cholesterol −0.23 (−0.37-−0.10)

Hematocrit 
increase WMD 
3.18%, 95% CI: 
1.35-5.01

MI OR: 0.87
Stroke OR: 2.17
Mortality OR: 
0.88

OR 0.51 for 
obese men 
with BMI 
>30

P NA NA NA NA NA 0.04
HR: Hazard ratio, OR: Odds ratio, RCT: Randomized clinical trials, CV: Cardiovascuar, NA: Not available, MI: Myocardial infarction, IAD: Ischemic 
arterial disease, MACE: Major adverse CV events, CI: Confidence interval, TRT: Testosterone-replacement therapy, WMD: Weighted mean difference, 
BMI: Body mass index, HF: Heart failure, PLB: Placebo

Table 11: Comparison of the meta‑analyses included in the manuscript

Variable Calof 
et al.,[148] 
(2005)

Haddad 
et al.,[127] 
(2007)

Fernandes‑Barselles 
et al.,[149] (2010)

Xu 
et al.,[73] 

(2013)

Corona 
et al.,[128] 
(2014)

Alexander et al.,[137] 
(2017)

Number of trials included 19 30 51 27 74 30
Number of patients analysed 1084 1642 2701 2944 5464
Duration of TRT ≥12 weeks ✓ ✓ ✓ ✓ ✓ ≥3 days to several 

weeks
Average age of patients 
included ≥45 years

✓ ✓ ✓ ✓ ✓ ✓

Primary endpoint of
MACE ✓ ✓ ✓ ✓

All CV incidence ✓ ✓ ✓ ✓

All adverse TRT events ✓

All-cause mortality ✓

CV events analyzed
All ✓ ✓ ✓ ✓ ✓

MACE ✓ ✓ ✓ ✓

AMI ✓ ✓ ✓ ✓ ✓

ACS ✓ ✓

CABG ✓ ✓ ✓

Stroke ✓ ✓ ✓

New onset HF ✓

Arrhythmias ✓ ✓ ✓

TRT: Testosterone-replacement therapy, MACE: Major adverse CV events, CV: Cardiovascuar, AMI: Acute myocardial infarction, ACS: Acute coronary 
syndromes, CABG: Coronary artery bypass graft, HF: Heart failure
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cholesterol, clinically of doubtful significance, was 
also noticed [Table 10].[149]

Haddad et al.[127] carried out a systematic review of RCTs that 
examined the effects of T on CV health of men with proven 
hypogonadism. This group found many methodological 
lacunae in the RCTs included for the review. Only few of 
the selected trials reported allocation concealment, thus 
lending bias to the methodology. The authors alluded to the 
CV safety of TRT, albeit, supported by insufficient evidence.

RCTs included in a systematic review by Isidori et al.[150] 
were analyzed primarily for the effects of T on lipid fractions, 
body fat composition and bone health. The lipid effects were 
inexplicable, however the authors felt that there was some 
decrease in visceral fat that could translate into CV benefits.

Significant risk of bias, lack of precision, and 
inconsistency among trials included for their research, 
prevented Alexander et al.[137] from drawing any definite 
conclusion regarding CV safety or superiority of TRT, 
when compared to a placebo [Table 11].

Corona et al.[151] importantly could highlight that the low 
quality, short duration, and inadequate power of trials 
included in their meta-analysis were the major drawbacks 
that prevented the researchers from drawing any major 
conclusions.

conclusions

This research was carried out to evaluate CV safety 
and benefits (if any) related to TRT use in men with 
hypogonadism secondary to nongonadal illness (visceral 
obesity ± T2DM). The evidence related to TRT use in 
men with obesity ± T2DM has been derived mainly 
from observational studies with only a limited number 
of RCTs which have been carried out in this cohort. 
Majority of the studies confirm that TRT is CVD safe in 
older men. TRT aggravated overall CVDs and MACE 
only when T was administered in supratherapeutic dosage 
or when TRT was offered to older and frail men. Excess 

T and pharmacological (experimental) T dosages can 
worsen sleep disordered breathing and gynecomastia 
and cause an increase in hematocrit. To avoid excessive 
dosing, serum T levels and hematocrit levels need to 
be monitored (more closely after initiation of TRT and 
annually once on stable TRT dose) [Table 12].

In conclusion, the signs and symptoms of hypogonadism 
in men with visceral adiposity ± T2DM should never 
escape a clinician’s attention. Biochemical confirmation 
of diagnosis by checking early morning testosterone and 
luteinizing hormone levels and excluding treatable causes 
of central hypogonadism (e.g., prolactinoma, opioids, 
anabolic steroid abuse, pituitary macroadenoma, and rarely 
hemochromatosis) remain crucial steps in management. 
Lifestyle modification and weight loss remain the key 
steps in improving overall metabolic profile of such 
men. TRT use in such men with biochemically confirmed 
secondary hypogonadism is deemed safe and associated 
with modest CVD benefits. Prescribing TRT should be 
a well-informed and careful decision with pros and cons 
of therapy being explained to the patient.

There is a need for well-structured RCTs enrolling a 
large number of “at higher CV risk” elderly persons with 
central obesity ± T2DM to develop a better understanding 
of impact of TRT in this cohort.

Key Takeaways

Nongonadal illnesses including obesity ± sustained 
and uncontrolled hyperglycemia are major contributing 
pathophysiological factors leading to hypogonadotrophic 
hypogonadism in men.

Reduced levels of testosterone lead to an increased 
all-cause mortality and CVD risk in men.

TRT initiated in males with biochemically confirmed, 
symptomatic low total or/and free T, has been shown 
to modestly reduce CVD risk although most of the data 
has been derived from observational studies.

Table 12: Benefits versus potential risks of testosterone‑replacement therapy

Benefits Potential risks
Improvement in sexual desire and function Erythrocytosis
Improvement in mood, energy and quality of life Growth of existing prostate and breast cancer
Increase in bone mineral density Exacerbations of symptoms of benign prostatic hyperplasia due to an 

increase in prostate volume with mild increase in PSA levels in old men
Change in body composition, improvement in muscle mass and strength Inhibition of spermatogenesis, infertility
Better cognitive function Gynecomastia
Possible CV benefits Occasional hepatotoxicity and skin disease

Worsening of severe untreated sleep apnea
PSA: Prostate specific antigen, CV: Cardiovascuar
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Review Article

introduction

Emphysematous pyelonephritis (EPN) is an infection 
of the kidney characterized by necrosis, gas formation 
in the renal parenchyma, and in severe cases, sepsis and 
renal dysfunction. It has a well-known association with 
uncontrolled diabetes mellitus. Since the reporting of the 
first case of EPN in 1898, many hypotheses have been 
put forward to explain the formation and accumulation 
of gas in the renal parenchyma, collecting system, and/
or perinephric tissue.[1] The purpose of this review is to 
understand how diabetes mellitus leads to homing of 
infections in the urinary system and what are the gaps 
in the area for future research.

diabEtEs mEllitus and EmphysEmatous 
pyElonEphritis

EPN is a rare and acute condition of the kidney which 
is characterized by hostile and necrotizing infection. 

The main region of the kidney which is affected in 
EPN is renal parenchyma. In many cases, surrounding 
tissues are also affected. The renal parenchyma is 
found to have the presence of gas in cases of EPN. 
Most of the literature also mentions the presence of gas 
in the collecting system and/or perinephric tissue.[2,3] 
Approximately 90% of the cases of EPN are associated 
with uncontrolled diabetes mellitus and 20% of cases are 
associated with obstruction in the urinary tract. Either 
of the kidneys can be affected, but rarely both kidneys 
are simultaneously affected.[4]
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prEvalEncE of EmphysEmatous pyElonEphritis

EPN is a rare disease, but highly prevalent in patients 
with diabetes and even higher among females with 
diabetes. However, the infection caused by Candida 
spp. has been reported more in males than females.[5] 
A relatively rising number of EPN is being reported.[6] 
In one of the largest single retrospective series, which 
included 48 patients in Taiwan who were diagnosed with 
either EPN or emphysematous pyelitis, 96% had diabetes 
mellitus and 22% had urinary tract obstruction.[7]

Owing to its rarity, there is little information on the 
number of cases noted every year.

Earlier, the mortality rate of EPN was 60%–80%, but 
now, it has been reduced to 20%–25%. This trend is 
similar to other infections of the urinary tract in patients 
with diabetes (e.g., emphysematous pyelitis).[8]

Etiology and risK factors

The main underlying cause of EPN is Coliform, 
Gram-negative, anaerobic bacteria such as Escherichia coli 
that are responsible for more than 60% of the EPN cases. 
Other organisms that have rarely been shown to cause EPN 
are Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 
aeruginosa, Clostridium, Streptococcus spp., Bacillus 
pyocyaneus, Aerobacter aerogenes, Staphylococcus 
albus, Candida spp., Entamoeba histolytica, Aspergillus 
fumigatus, and Cryptococcus spp.[6,9,10]

E. coli, which is the most prevalent pathogen that 
causes EPN is found to have elevated levels of 
uropathogenic-specific protein, which gives the 
pathogen its virulence.[11] Hence, the cause of EPN 
in diabetes usually involves both kidneys (a disease 
condition originating from infections or allergies).[12] 
Most of the organisms that cause EPN in patients with 
diabetes are also responsible for causing urinary tract 
infections (UTIs) in individuals without diabetes.

Diabetes mellitus is the prime risk factor for EPN. 
Immunocompromise in patients with diabetes is more 
likely to develop EPN. Some cases have reported EPN 
without diabetes mellitus.[13]

Other than diabetes, HIV infection, obstructive uropathy, 
liver cirrhosis, polycystic kidney, chronic kidney disease, 
postkidney transplant, use of urethral instruments, and 
excessive alcoholism are other risk factors.[10,14,15]

Genetic factors
In the case of UTI, genes affecting innate immune 
response contribute to the pathogenesis of the infection. 

A deletion in the gene of chemokine receptor and 
polymorphism in TLR4, which is involved in the 
normal functioning of neutrophils, leads to an increased 
susceptibility toward UTIs and pyelonephritis.[16]

The work of Thomas Miller on mouse models was 
conclusive of the fact that genetics play a major role in 
host susceptibility to renal infections such as EPN or acute 
pyelonephritis.[17] Renal infections have been linked to 
both autosomal dominant genes and autosomal recessive 
genes. Either the host immune response is suppressed, 
which prevents self-tissue destruction (dominant gene) 
or there is an initiation of lesion formation (recessive 
trait). The genetic factors also control the severity of the 
infection by regulating the host’s immune response.[18]

Immune response
Normally, the immune system efficiently keeps the 
urinary tract sterile, but in patients with diabetes, the 
immune system is suppressed. The virulent factors 
of pathogens such as P fimbriae, type 1 fimbriae, and 
host receptors such as TLRs and integrins induce the 
production and secretion of interleukin-8 (IL-8) and 
IL-6 from epithelial cells in EPN patients and initiate the 
activation of the innate immune response.[19]

Impaired neutrophil recruitment to the site of infection 
leads to the progression of UTI, suggesting a higher 
susceptibility of the host to pathogens.[20,21] This indicates 
a defect in the chemokine (IL-8) secretion by the 
epithelial cells to signal the recruitment of neutrophils 
in susceptible hosts.[22] A study conducted by Frendéus 
et al.,[16] on mouse models, showed the recruitment of 
neutrophils but impairment in crossing the epithelial 
barrier due to mutation in the IL-8 receptor (CXCR2). 
The accumulated neutrophils caused damage to the 
surrounding host cells instead of pathogens. These 
immunodeficient mice were unable to get rid of the 
pathogens from the kidneys.[18]

P fimbriae, an appendage of the pathogen, are a highly 
potent activator of innate immune response (TLR4 
signaling).

IRF-3 signaling cascade is another immune component 
important for driving an efficient immune response 
against uropathogens.[23] Similarly, genetic defects in 
Tlr5 and Tlr11 have been reported to be associated with 
impaired immune response.[19,24]

CXCR1 expression also controls the host’s susceptibility 
to pyelonephritis.[25]

High glucose levels in patients with diabetes negatively 
regulate the functioning of neutrophils, macrophages, 
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natural killer cells, and the complement system.[26] Although 
previous studies have indicated insignificant involvement 
of acquired immunity in EPN, more recent studies have 
highlighted the importance of innate immunity as well.

classification

Some experts categorize renal emphysema into two 
types of disorders: EPN (presence of gas in renal 
parenchyma) and emphysematous pyelitis (presence of 
gas in collecting system). Other than the region of gas 
formation, there is not much difference between these 
two. Many clinicians have tried to classify EPN; the 
following two of them are widely accepted.

The first classification was put forward by Wan et al. They 
classified it as type I – renal necrosis, accumulation of gas 
but no fluid and type II – accumulation of gas and fluid 
in renal parenchyma. Wan et al. made another attempt 
at classifying EPN. Type I consists of parenchymal 
destruction with either absence of abscess or the presence 
of gas. Type II consists of renal or perirenal abscess with 
gas in the collecting system.[27]

The next attempt was made by Huang and Tseng, in which 
they classified EPN into four main classes: Class I – gas 
in the collecting system only, Class II – gas in renal 
parenchyma only, Class IIIa – an extension of gas or 
abscess to perinephric space, Class IIIb – an extension of 
gas or abscess to pararenal space, and Class IV – bilateral 
EPN or solitary kidney with EPN.[7]

pathogEnEsis

The pathogenesis of EPN is not fully understood. 
However, some of the aspects that are currently known 
are discussed below.

Pathogens like E. coli gain access to the urethral opening 
and ascend the urethra and reach the kidney [Figure 1a 
and b]. Pathogens bind to the superficial epithelial 
cells (facet cells). This interaction is mediated by type 1 
pili-dependent anchorage. Type 1 pili are encoded 
by pathogens that mediate the binding of bacteria to 
the host cell.[28] Another important molecule for the 
attachment of pathogen to the epithelial cell surface is 
globo-series glycolipids present on host cells. These 
groups of glycolipids are also present on red blood cells 
and represent the P1 blood group; studies have shown 
higher susceptibility of the P1 blood type toward the 
attachment of pathogens.[29]

P fimbriae bind to glycosphingolipids (galactosylceramide 
and globotriaosylceramide) which are present in all the 
tissue of the urethra and kidney. This interaction is 
thought to be unique to cells and tissues of the urinary 
tract.[30] Mannose-resistant adhesins on pathogens also 
play a crucial role in the binding process.[31]

The adhesive capacity of the pathogen is important in the 
persistence of bacteria in the tissues of the kidney. The 
host’s capacity to clear the bacteria is related to the ability 
of host cells to respond to lipopolysaccharides which 

Figure 1: Pathogenesis of EPN. (a) Pathogens like Escherichia coli gain access to urethral opening and ascend to bladder then kidney 
causing infection. (b) Escherichia coli adheres to the host cell by type 1 pilli. The host cell engulfs the bacteria which starts dividing 
in host cell, forming IBCs. The IBCs are shed in the urine after expulsion from the host cells. In other host cells, the infections persist 
causing evasion. This leads to activation of host’s immune response via TLRs and ILs. Created by BioRender.com. EPN: Emphysematous 
pyelonephritis, IBC: Intracellular bacterial community, IL: Interleukin

ba
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exert a mitogenic effect.[20] Followed by interaction by 
type 1 pili, the bacteria are engulfed in the epithelial cells. 
In response, the epithelial cells activate the mechanism of 
the expulsion of the pathogens.[32] An immune response is 
initiated by the host at this stage. In the urinary bladder, 
the pathogens replicate in the cell and form intracellular 
bacterial communities which are shed off by the 
superficial layer. This step is advantageous for the host 
as thousands of bacteria are shed off in urine and then 
excreted out.[33] However, the infection advances further 
at a faster rate and ascends to the kidney. Complicated 
UTIs lead to infection of the upper urinary tract by 
ascending from the urethra to the bladder to kidneys.[34] 
This mechanism which is true for UTIs is most likely to 
be true for EPN as well.

The gas formation in EPN is believed to be linked to the 
glucose metabolism in patients with diabetes. A high 
amount of glucose in nearby tissues acts as substrates 
for bacteria which metabolizes or ferments glucose and 
carbon dioxide (14.4%), hydrogen (H2) (12.8%) gases 
are formed. Hence, the glycemic control in the host is 
the deciding factor for the amount of gas formation in the 
kidney.[35] Another substrate for bacteria could be necrosis 
of kidney tissue. Along with carbon dioxide and H2, traces 
of nitrogen (63.5%), oxygen (6.3%), methane (0.06%), 
and ammonia (NH3) (0.05%) were also found.[7]

Mixed acid fermentation and butyric acid fermentation of 
glucose involve the formation of H2 gas. The formation 
of NH3 is likely to be the result of the degradation of 
necrotic cells and tissues by pathogens.[36]

The formation of gas in the kidneys of EPN patients is 
also attributed to renal hypoperfusion, which prevents 
gas elimination from the parenchyma[5] [Figure 2a and b].

In conclusion, high blood and tissue glucose, gas-forming 
pathogens, and suppressed immune response, presence 
of obstruction in the urinary tract likely promote gas 
formation.

clinical fEaturEs

Patients present with mild fever, nausea, vomiting, lethargy, 
pyuria, flank pain, and/or general malaise. All the patients 
report having a large number of leukocytes detected in 
urine, ranging from 12,000 to 24,000 cells/mm3. Along with 
foul-smelling gas, several cases have reported drainage of 
pus or abscess from the kidneys. Thrombocytopenia, 
confusion, impaired consciousness, sepsis, and acute 
kidney injury are predictors of poor outcomes and require 
special attention for the treatment.[7,37]

Experts have discovered a honeycomb pattern of gas in 
renal parenchyma. The formation of gas is reported to be 
earliest in and around the papilla because the vasculature 
is diminished in the area.[38] In many cases, gas has also 
been detected in the hepatic and renal veins.[35,39] In 
computed tomography (CT) images, the gas appears as a 
shadow in the kidneys, which might change its position 
with the movement of the patient.[40] On the other hand, 
gas in specific regions, such as the perinephric region, is 
not associated with poor outcomes.[41] * On surgery, gas 
escape is evident with a hissing sound and foul smell, 
and both the kidneys are equally affected.[5,13,42-44]

Figure 2: (a) Locations of gas accumulation in kidney in EPN. (b) Factors contributing to the formation of gas (high blood and tissue 
glucose levels, suppressed immune response, necrotic cells, renal ischemia and gas forming pathogens like Escherichia coli). Created 
by BioRender.com. EPN: Emphysematous pyelonephritis

ba



Bale, et al.: Emphysematous pyelonephritis and diabetes mellitus

Chronicle of Diabetes Research and Practice ¦ Volume 2 ¦ Issue 1 ¦ January-June 202350

In a study, a low platelet-to-leukocyte ratio was found to 
be associated with sepsis in EPN patients and death.[45] 
Huang and Tseng reported that Class IV EPN had highest 
prevalence of severe symptoms and the worst prognosis.7] 
In a study by Mohsin et al., the patients were classified as 
class 3A & 3B which carries the worse prognosis, which 
again may explain the high mortality. The gravity of the 
prognosis increases with each class, with class 4 being 
the worse.[46] Another poor outcome is recorded by Wan 
et al. in their type 2 EPN.[27]*

diagnosis

EPN requires imaging techniques for accurate diagnosis. 
Ultrasonography, CT scan, or X-ray (excretory urography) 
is usually used for diagnosis.[2,47] Although many experts 
use ultrasonography, it has been evident that it is difficult 
to distinguish between bowel gas and gas in the kidney in 
patients with diabetes and obesity ultrasonography. Hence, 
a CT scan has been considered gold standard diagnostic and 
imaging method for EPN as it is sensitive and reveals the 
distribution of gas in the kidney.[38] Staging is also possible 
with CT scan [Figure 3] to provide a real-time and faster 
diagnosis, by Brown et al.[48] Early diagnosis is extremely 
important for treating patients. To confirm the presence 
of the pathogen and its species and pus in the urine, urine 
culture is also routinely done in the diagnosis of EPN.[7]

managEmEnt of EmphysEmatous pyElonEphritis

Medical management
Empiric antibiotic treatment has been shown to reduce 
mortality in cases where Gram-negative infections 

prevail.[49] Such therapy should be broad spectrum (based 
on local antibiograms) and individualized (attuned to 
patient characteristics and antimicrobial resistance), 
taking into account the severity of the infection and 
patient vulnerability.[50,51]

Preferred single-agent options for treating EPN, 
effective against the highest percentage of bacterial 
isolates, are third- or fourth-generation cephalosporins 
(e.g., ceftazidime) and carbapenems. Alternate empiric 
regimens include a combination of amikacin and 
third-generation cephalosporin, given the very low 
overall resistance rates among E coli, Klebsiella 
pneumoniae, and P. mirabilis. Aminoglycosides must be 
used with care in patients with impaired renal function. 
The addition of gentamicin may be inappropriate and 
ineffective in this setting.

Several international guidelines currently recommend 
fluoroquinolones as the empiric treatment of choice for 
UTI.[52,53] Resistance of uropathogens to fluoroquinolones 
is increasing, which is a major clinical concern. Risk 
factors for fluoroquinolone-resistant E coli infection 
include recent hospitalization, prior fluoroquinolone 
use, and urinary catheter placement. Indiscriminate use 
of fluoroquinolones for complicated or catheter-related 
UTIs may even undermine the susceptibility of 
respiratory pathogens to these agents.[54-57]

Surgical management
Percutaneous drain (PCD) helps to preserve the function 
of the affected kidney in about 70% of cases. PCD should 
be performed on patients who have localized areas of 
gas and in whom functioning renal tissue is believed to 
be present. Endoscopic drainage is preferable in Type 1 
EPN and vitally stable patients.

A pigtail drain, at least 14 Fr. in size, should be inserted, 
either with ultrasonography or CT guidance. CT 
guidance has a better success rate when compared with 
ultrasonography.

Multiple abscesses are not a contraindication for PCD, 
as more than one catheter can be used to drain all 
loculations. The abscess, which is technically easier to 
access and would significantly reduce the pressure on 
the viable kidney tissue, should be targeted first with 
PCD.

During the last decade, there has been a gradual shift 
toward a nephron-sparing approach with PCD, with or 
without elective nephrectomy at a later stage.

Significant advances in percutaneous drainage such 
as ultrasound and CT-guided drainage, have made it 

Figure 3: NCCT images abdomen and pelvis shows right kidney 
enlarged with destruction of parenchyma, renal parenchyma 
replaced with gas. Class 2 EPN (Huang Tseng CT classification). 
EPN: Emphysematous pyelonephritis, CT: Computed tomography, 
NCCT: Noncontrast computed tomography
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possible to have percutaneous drainage as a treatment 
option for EPN, which was first shown by Hudson et al.[58]

Subsequent case studies have shown patients being 
successfully treated with PCD when used in addition 
to medical management, with a significant reduction in 
mortality rates.

In an analysis of 48 cases, Huang and Tseng concluded 
that Class 1 and Class 2 EPN could be managed with 
percutaneous drainage and antibiotics; there was a 61% 
failure rate and 19% mortality rate in Class 3A after 
drainage; in Class 3B, there was a failure rate of 75% 
and a mortality rate of 29% after drainage.[7]

This approach could also be used in patients with class 3 
or 4 EPN who have fewer than two risk factors (e.g., 
thrombocytopenia, elevated serum creatinine levels, 
altered sensorium, and shock).

Any obstruction found in imaging studies should be 
relieved with either percutaneous drainage or stent 
placement. However, in the presence of two or more risk 
factors, nephrectomy gives better results.

In a meta-analysis of the management strategies, the most 
successful management was medical management with 
drainage (80%–100%), which was also associated with 
the lowest mortality at 13.5% (P < 0.001).[41]

Nephrectomy
Gas in the renal parenchyma or dry-type EPN should be 
treated immediately with nephrectomy. Nephrectomy in 
patients with EPN can be simple, radical, or laparoscopic. 
A simple nephrectomy can be carried out with a mortality 
rate as low as 5%. Laparoscopic nephrectomy can be 
successfully performed in these patients and has the 
advantage of providing a shortened recovery period and 
hospital stay.[38,59]

Mortality rates were 15%–20% in two series in which 
nephrectomy was the treatment of choice in EPN,[38,59] 
while in a study by Huang and Tseng, nephrectomy had 
a 10% mortality rate.[7]

Recent advances and future implications
Langermann et al. have put forward immunization of 
diabetes patients with FimH adhesin type 1 fimbriae 
which will prevent EPN. Proteins from pathogens 
such as type 1 fimbriae can be a suitable vaccine 
candidate for mouse models and clinical trials. It was 
recently reported that immunization with the FimH 
adhesin of type 1 fimbriae protects mice from UTIs. 
Thus, proteins from the F1C fimbriae may be used as 
a novel vaccine candidate to confer protection against 

pyelonephritis caused by non-P-fimbriated E. coli 
strains.[60]

Clinical limitations
1. Various hypotheses have been put forth in the 

development of EPN, but the exact pathogenesis is 
yet to be understood

2. As the clinicians get bacterial culture reports in 
48–72 h, there could be delay in the initiation of 
organism-specific antibiotics due to a lack of efficient 
diagnostic tests. Some rapid ways to get these reports 
might improve patient care. Usually, broad-spectrum 
antibiotic is initiated in EPN patients, but in the era of 
multi-drug/pan-resistant microbes, early sensitivity 
reports will help to hit the target early

3. Additional multicenter studies comprising, a large 
sample size will help us a better understanding of 
the disease

4. Genotypic evaluation with phenotypic correlation 
will aid us in the desired understanding of EPN.

conclusion

EPN though a rare condition in clinical practice, needs a 
high index of suspicion in patients with diabetes mellitus. 
Early diagnosis and prompt aggressive treatment are 
the keys to manage EPN. A multidisciplinary approach 
is imperative. The standard treatment protocol of EPN 
includes long-term antibiotic therapy (intravenous and/or 
oral), percutaneous drainage, double J catheter insertion, 
or nephrectomy.
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