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Abstract
Disorders of glucose homeostasis, such as stress-induced 
hypoglycemia and hyperglycemia, are common com
plications in patients in the intensive care unit. Patients 
with preexisting diabetes mellitus (DM) are more 
susceptible to hyperglycemia, as well as a higher risk 
from glucose overcorrection, that may results in severe 
hypoglycemia. In critically ill patients with DM, it is 
recommended to maintain a blood glucose range between 
140-180 mg/dL. In neurological patients and surgical 
patients, tighter glycemic control (i.e. , 110-140 mg/d) is 
recommended if hypoglycemia can be properly avoided. 
There is limited evidence that shows that critically ill 
diabetic patients with a glycosylated hemoglobin levels 
above 7% may benefit from looser glycemic control, in 
order to reduce the risk of hypoglycemia and significant 
glycemic variability.

Key words: Diabetes mellitus; Critical care; Stress 
hyperglycemia; Hypoglycemia; Glycemic control; Intensive 
care unit

© The Author(s) 2017. Published by Baishideng Publishing 
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Core tip: Diabetes mellitus is a common comorbidity 
found in critically ill patients. Although strict glycemic 
control in the past was considered a standard therapeutic 
intervention, newer clinical trials have shown that 
moderate glycemic control (i.e. , glucose levels between 
140-180 mg/dL) reduces mortality and morbidity in such 
patients. 
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Introduction
Stress-induced hyperglycemia, or diabetes injury as 
originally described by Claude Bernard in 1877, has 
become the subject of significant debate, as recent 
guidelines have called for stricter glucose control in critically 
ill patients[1,2]. Occurring as a result of catecholamine-
induced stress response, this hyperglycemia is a common 
occurrence in critically ill patients[1]. With the rising 
population of diabetic and pre-diabetic individuals in the 
United States, the risk of severe hyperglycemia among 
critically ill patients is quite high, particularly in patients 
with undiagnosed diabetes mellitus (DM), who have 
inadequate glycemic control previous to hospitalization[1,3]. 

On the other hand, one of the important complications 
in dealing with stress-induced hyperglycemia is severe 
hypoglycemia. This significant decrease in blood glu
cose, however, is not due to some underlying physio
logical process, but it is often the consequence of 
inadequate glucose monitoring, and incorrect dosage of 
hypoglycemic medication, usually insulin. Hypoglycemia 
in critically ill patients is an important factor that can 
increase mortality in the intensive care unit (ICU), and 
is an important complication that needs to be prevented 
in patients that require glycemic control therapy[4]. 
Increased glycemic variability may be an issue with 
inadequate hypoglycemic treatment, which leads to 
increased oxidative stress and may be more dangerous 
than persistent hyperglycemia[5]. 

Appropriate hypoglycemic therapy is required in 
order to reduce mortality and morbidity of uncontrolled 
hyperglycemia in critically ill patients[6]. In this article, we 
review the current state-of-evidence on ideal glycemic 
goals that should be set for diabetic patients in the ICU. 

Epidemiology
In 2014, the United States National Diabetes Statistic 
Report, documented 21 million individuals suffering 
from DM, accounting for 6.7% of the total population 
and approximately 8.1 million undiagnosed DM, which 
would raise the percentage of American population with 
diabetes to 9.3%[7]. This report also indicated that the 
prevalence of diabetes was highest among those older 
than 65 years of age and above[7]. Patients in this age 
group, account for up to 45.7% of ICU patients[8]. In 
addition, approximately 50% of ICU patients, have pre- 
existing diagnostic criteria for DM[9].

Pathophysiology
During periods of stress, the body reacts by producing 
elevated levels of catecholamines[10]. This reaction, 
is modulated by the suprarenal glands and activated 
by either the sympathetic nervous system in acute 

stress and by feedback to the pituitary gland in chronic 
stress[11,12]. Any period of disease can be considered 
a period of stress, and therefore, some degree of 
hyperglycemia is normal during these times, and can 
be seen as initially protective and part of the adaptive 
response for survival[13]. However, in acute and severe 
diseases, the resulting hyperglycemia can be much too 
high and require glycemic control therapy to manage[1].

Severe hyperglycemia, is a well-documented marker 
of illness severity, rather than a direct cause of poor 
outcome[13]. This condition often subsides after the 
affecting illness (i.e., sepsis) has resolved[1]. In the acute 
setting, it is believed that the resulting hyperglycemia 
is due to insufficient insulin secretion that is unable to 
overcome the hyperglycemic effect of catecholamine.[14] 
It is also believed that insulin resistance plays a factor 
in chronic disease with significant amounts of tissue 
injury[1,14].

Patients with pre-existing DM tend to have a persistent 
state of hyperglycemia due to insulin resistance (or insulin 
absence in DM type 1), and hyperglucagonaemia that are 
the consequences of the disease’s natural progression. As 
a result of these factors, during periods of acute illness, the 
resulting stress-induced hyperglycemia can be much more 
severe than in non-diabetic patients, and more likely to 
require control with hypoglycemic medications and strict 
glucose monitoring[14]. See table 1 for factors that lead to 
hyperglycemia and hypoglycemia in critically ill patients. 

Stress-Induced Hyperglycemia
Stress-induced hyperglycemia (SIH) is a common finding 
among critically ill patients, particularly among cardio
vascular patients, neurocritical patients, and patients 
undergoing surgical procedures, even in the absence of 
preexisting DM[14]. In non-diabetic patients, SIH has been 
arbitrarily defined as a blood glucose level greater than 
140 mg/dL or glycosylated hemoglobin (HbA1c) greater 
than 6.5%[15]. In diabetic patients, SIH is be defined as 
blood glucose levels greater than 180-220 mg/dL[15]. This 
clinical condition increases the morbidity and mortality 
in critically ill patients and leads to poor outcomes 
and prognosis[15]. Some have advocated that in these 
patients, it is necessary to maintain a strict glycemic 
control to directly improve their outcomes[14,15].

Part of the controversy as to the precise level of 
strict glycemic control started with a clinical study 
published in 2001, consisting of 1548 patients in a 
surgical ICU in Belgium[16]. In this study, van den Berghe 
et al[16] reported that intensive insulin therapy, aimed at 
maintaining blood glucose below 110 mg/dL reduced 
mortality and morbidity in critically ill patients by 42%. 
The reduction in mortality was apparent among patients 
who stayed in the ICU for more than five days[16]. A 
follow-up study, by the same investigators in 2006, 
aimed at comparing strict blood glycemic control (blood 
glucose: 80-110 mg/dL) vs a much looser control (blood 
glucose: 180-215 mg/dL) in this study on 1200 medical 
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ICU patients and found that the strict glucose control 
group had a mortality reduction rate of 32% in patients 
who stayed more than three days in the ICU[17]. Of note, 
in this study, strict glucose control increased mortality 
in patients with short ICU stays (< 3 d), due to the 
increased rate of severe hypoglycemia. 

A series of additional clinical trials followed these 2 
seminal investigations. One of the most quoted in the 
medical literature was the Normoglycemia in Intensive 
Care Evaluation-Survival Using Glucose Algorithm Re
gulation (NICE-SUGAR) multicenter trial, with 6104 ICU 
patients that compared strict glucose control (81-108 
mg/dL) vs a more moderate glucose target (< 180 
mg/dl)[18]. This study reported that moderate glycemic 
control lead to a reduction in cardiovascular mortality in 
critically ill patients.
 
Glycemic variability and hypoglycemia
As noted above, in diabetic patients, particularly those 
with persistent hyperglycemia, significantly lowering 
glucose levels and strict glycemic control may lead to 
symptomatic and life-threatening hypoglycemia and 
glycemic variability[19]. Glycemic variability has been 
defined as acute glycemic fluctuations; with both upwards 
fluctuations (in hypoglycemic correction) and downward 
fluctuations (in initial overbearing hypoglycemic treatment) 
leading to increased oxidative stress (which in turn leads 
to endothelial dysfunction and vascular damage). It is 
well documented that glycemic variability is much more 
dangerous than persistent hyperglycemia in critically ill 
patients[19,20].

Two retrospective studies found that glycemic vari
ability conferred an increased risk of mortality in critically 
ill patients[21,22]. The mortality risk increased by 25.7% in 
critically ill non-diabetic patients[21,22]. Although no current 
consensus exists on the adequate range of acceptable 
glycemic variability in critically ill patients, Monnier 
and associates proposed a range of 40 mg/dL, as this 
corresponds to the normal variability found in non-
diabetic healthy individuals[20].

Hypoglycemia is another dangerous situation in 
both diabetic and non-diabetic ICU patients. This clinical 
entity is directly related to cardiovascular mortality 
as it has been associated with increased QT waves 
in the electrocardiogram and changes in cardiac 

cell repolarization[23,24]. A study performed in 2005 
reported that diabetic patients hospitalized with acute 
myocardial infarction, had a 93% increased mortality 
rate when hypoglycemia was present during their 
hospitalization[25]. In another study published last year, 
2601 patients were evaluated and analyzed ICU mortality 
when moderate or severe hypoglycemia was present as 
compared to no hypoglycemia. Patients with severe and 
moderate hypoglycemia had a 34% and 18% increase, 
respectively, in ninty days mortality, when compared 
to patients with no hypoglycemia. Those patients that 
presented multiple hypoglycemic events had a 44% 
increase in mortality when compared to patients with no 
hypoglycemic events[26].

There is significant evidence that hypoglycemia 
poses significant risk of cardiovascular mortality among 
diabetic patients in critical care scenarios. Alongside 
the theoretical benefits of reducing glycemic variability, 
having a much looser glycemic control in critically ill diabetic 
patients, may aid in reducing cardiovascular mortality[27]. 
Further studies are necessary on the subject of glycemic 
variability, in an effort to find its real-world impact on 
diabetic patients in and out of critical care. 

GUIDELINES RECOMMENDATIONS
The American Diabetes Association recommends star
ting insulin in patients with persistent hyperglycemia 
above 180 mg/dL in critically ill patients, and to maintain 
the glycemic range between 140-180 mg/dL. It also 
states that stricter glycemic control (110-140 mg/dL) 
can be appropriate for certain patients, such as patients 
with acute cardiac ischemia or patients with acute 
neurological event, as long as significant hypoglycemia 
can be avoided[28]. They also recommend active pre
vention of hypoglycemia by having a treatment plan if 
hypoglycemia were to develop and to change the current 
therapy if serum glucose levels fall below 70 mg/dL[28]. 
These recommendations were based on a consensus 
form American Association of Clinical Endocrinologists, 
which involved two meta-analyses of several clinical 
trials, including the NICE-SUGAR study, the largest 
randomized controlled trial, addressing this issue[28-31]. 

The American College of Physicians recommends 
serum glucose levels between 140-200 mg/dL indepen
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Table 1  Factors leading to hyperglycemia and hypoglycemia in critically ill patients

Hyperglycemia[65] Hypoglycemia[66]

Release of stress hormones (glucagon, epinephrine, cortisol, and TNF-α) Severe sepsis
Certain medications (exogenous glucocorticoids, vasopressors, lithium, and β-blockers) Trauma
Overfeeding DM
Intravenous dextrose Prior insulin treatment
Parenteral nutrition Prior glucocorticoid treatment
Persistent bed rest Cardiovascular failure
Increased insulin resistance (DM type 2) Intensive glucose control
Deficient insulin secretion (DM type 1)

DM: Diabetes mellitus; TNF: Tumor necrosis factor.
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mg/dL, reduces surgical site infections[41]. However, this 
study did not focus on over-all patient mortality and had 
a challenge of small sample size.

Patients with neurological events
A large clinical trial by van den Berghe et al[16] in 2001, 
suggested that strict glucose control (< 110 mg/dL) 
reduces mortality in critically ill patients[16]. For a period 
of time, following the findings of this trial, the standard 
of care was to maintain neurocritically ill patients blood 
glucose below 110 mg/dL[16]. However, the publication 
of the NICE-SUGAR study, and a prospective study 
of intensive insulin therapy in patients with recent 
neurosurgery, both published in 2009, showed that 
strict glucose control led to increased mortality mainly 
secondary to hypoglycemia[18,42].

In  2012, a systematic review and meta-analysis of 16 
clinical trials on optimal glycemic control in neurocritical 
care patients, revealed that strict glycemic control 
(70-140 mg/dL) had no impact on patient mortality, but 
did increased the incidence of hypoglycemia[43]. Loose 
glycemic control (> 200 mg/dL) was shown to increased 
mortality when compared to a moderate glycemic control 
(140-180 mg/dL)[43]. The ADA states that blood glucose 
level of 110-140 mg/dL may be appropriate if significant 
hypoglycemia can be avoided[28].

Patient with an acute myocardial infarction
In 2008, the American Heart Association released a 
statement on glucose management in acute coronary 
syndrome, which recommended a glucose levels between 
90-140 mg/dL in ICU patients with acute coronary 
syndrome[44]. The recommendations were later updated in 
2009, suggesting an upper limit of serum glucose to 180 
mg/dL[45].  

The European Society of Cardiology published their 
most recent guidelines in 2012 on management of acute 
myocardial infarction with ST-segment elevation[46]. They 
recommend loose glycemic control in the acute phase, 
by maintaining the patient serum glucose below 200 
mg/dL, as hypoglycemia was felt to be an important 
factor which increases the mortality[46]. This conclusion is 
based on a consensus reached by the National Institute 
Health and Care Excellence in 2011, that stated that no 
high quality studies were available to reach an evidence-
based conclusion[47]. 

A 2012 meta-analysis, focusing on type 2 diabetics 
with acute myocardial infarction, involving 3 studies (for 
a total of 2113 patients), concluded that stricter glucose 
control with intensive insulin therapy did not reduced the 
patient mortality but significantly increased the incidence 
of hypoglycemia while offering no overall reduction in 
cardiovascular mortality[48].

Patients with sepsis
In response to the study on glucose control in surgical 
ICU patients, a study specifically on patients with se
psis, the Surviving Sepsis Campaign recommended a 

dent of diabetic status, and recommends avoiding blood 
sugar levels below 140 mg/d, due to the associated 
risks of hypoglycemia and glycemic variability[32]. The 
Society of Critical Care Medicine (SCCM) recommends 
maintaining the serum glucose level between 150-180 
mg/dL[33]. 

However, a 2011 study conducted in the ICU among 
diabetic patients found that patients with uncontrolled 
diabetes (HbA1c above 7%) had different mortality 
when hyperglycemia was present when compared to 
non-diabetic patients or patients with better controlled 
diabetes (HbA1c below 7%)[34]. Additional newer studies 
have concluded similarly, that diabetic patients do not 
share the same mortality with hyperglycemia as non-
diabetic patients, and that these diabetic patients may 
benefit from higher glycemic ranges to reduce the risk 
of hypoglycemia and glycemic variability[35-37]. Moreover, 
another study recommended maintaining serum 
glucose levels between 160-220 mg/dL in patients with 
HbA1c above 7%, and to maintain serum glucose levels 
between 140-200 mg/dL in patients with an HbA1c 
below 7%[19].

It is recommended that glycemic control be main
tained with insulin due to the effectiveness, quick action, 
and few contraindications as it relates to this therapy[28,29]. 
However, the use of continuing metformin therapy in ICU 
patients with type 2 diabetes is seeing resurgence among 
certain patients, as the risk of hypoglycemia is lower; 
although its use should be cautious among patient with 
renal insufficiency, which is very common in the ICU[38]. 

In the following sections, we describe the evidence 
and recommendations for glycemic control among 
different patient groups who may be presenting in the 
ICU. Details are depicted in Table 2.

Patients in the surgical ICU
The Society of Thoracic Surgeons created guidelines in 
2009 for glucose management in adult cardiac surgery 
patients, including diabetics[39]. For preoperative care, 
maintenance with insulin therapy with a serum glucose 
goal below 180 mg/dL was recommended. It was also 
recommended to check HbA1c level pre-operative for 
proper glycemic management. Intraopertavely, insulin 
therapy was also recommended for glycemic values 
above 180 mg/dL, and intravenous insulin infusion was 
recommended for persistent glycemic levels above 
180 mg/dL intra-operatively or postoperatively in the 
ICU[39]. The recommendation was to keep a goal of 180 
mg/dL throughout their stay in the ICU unless they are 
expected to remain in the critical care unit more than 3 
d, or if the patient is ventilator-dependent, or requires 
therapy with inotropes, intra-aortic balloon pump, left 
ventricular assist device, anti-dysrhythmic medications, 
dialysis, or hemofiltration. In aforementioned cases, it 
is recommended to have the blood glucose levels below 
150 mg/dL[39,40].

A recent study in 447 patients, found that a glucose 
level of 80-110 mg/dL, when compared to 140-180 
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stricter range of glycemic control, with an upper goal 
of 110 mg/dL of serum glucose[17,49,50]. With the advent 
of the NICE-SUGAR trial in 2009, which also included 
septic patients, the 2013 update of the Surviving Sepsis 
Campaign modified its recommendation to a looser goal 
of 180 mg/dL[51]. Due to increased risk of hypoglycemia 
and hypoglycemia-related mortality, the Surviving 
Sepsis Campaign deemed that there was no apparent 
benefit from strict glucose control[51]. Insulin therapy was 
recommended to be started after two consecutive blood 
glucose measurements were above 180 mg/dL and to 
maintain a blood glucose of less than 180 mg/dL[51].

Pregnant patients
Gestational diabetes accounts for 2% to 9% of all pre
gnancies[52]. Hyperglycemia is an important factor to 
consider in all pregnancies, especially among hospitalized 
patients. During pregnancy, maternal cells have increased 
insulin resistance, due to elevated levels of human 
placental lactogen, progesterone, and estrogen[53]. This 
mild increase in insulin resistance is protective, and 
allows glucose absorption to be prioritized in the fetus, 
however in some patients, this mild resistance can be 
combined with insulin resistance, leading to persistent 
hyperglycemia[53,54]. 

It is generally agreed that treatment of gestational 
diabetes-related hyperglycemia is important in reducing 
perinatal mortality, as well as reducing hyperglycemia 
in postpartum mothers and improving overall health[52]. 
No consensus currently exists on the ideal range of 
serum glucose levels in critically ill pregnant patients[55]. 
It is difficult to recommend moderate or loose glycemic 
control in these patients, as even mild hyperglycemia 
can lead to adverse outcomes in infants[56]. On the other 
hand, tight glycemic control may lead to increased risk 
of hypoglycemia, which is also a factor that increases 
both maternal and infant mortality. Future clinical trials 

are necessary to be able to reach a consensus on how 
glycemic care should be managed in this population. 

Glycemic Control Therapy
While several studies have been performed on glycemic 
control in non-diabetic patients in the ICU, few of such 
studies have been performed on diabetic individuals. 
Table 3 depicts recent studies on this topic. Three of the 
four studies focused on surgical patients, and recommend 
a stricter glucose control for infection prevention, and 
hyperglycemia prevention[57-59]. The fourth study takes 
into account the risk of hypoglycemia, and recommends 
looser glycemic control to reduce moderate to severe 
hypoglycemia and glycemic variability[9]. However, all 
of these studies fail to take into account that diabetic 
individuals with persistent hyperglycemia (HbA1c above 
7%) who are at higher risk from hypoglycemia-related 
mortality than hyperglycemia-related mortality[19,34]. 
A 2016 study on diabetic ICU patients, recommended 
keeping serum glucose levels below 250 mg/dL in 
patients with HbA1c above 7% upon admission to the 
ICU[9]. This study found that this loose glycemic control 
prevented glycemic variability and reduced the incidence 
of moderate and severe hypoglycemia[9].

Measurement of glucose should be performed every 2 
to 4 h to allow for proper monitoring. If the patient’s serum 
glucose concentration is fluctuating, it may be necessary 
to measure glucose every 30 or 60 min[60]. Currently, 
technology for continuous blood glucose monitoring 
using vascular catheter blood sampling is currently under
going clinical trials and may become the standard of 
care and can allow tighter glycemic control in addition to 
preventing severe hypoglycemia or hyperglycemia[61]. 

Research has shown promise, as the technology is 
capable of detecting changes in glycemia that may 
otherwise be missed in our current practice, and has 

Table 2  Glycemic control recommendation based on patient condition

Condition Glucose control recommendation Studies with patient number                  Ref.

Non-diabetic ICU patients 140-180 mg/dL 29 studies with 8432 total patients and 26 
studies with 13567 total patients

Wiener et al[30] (2008) and 
Griesdale et al[31] (2009), 
respectively

Diabetic ICU patients If HbA1c < 7%: 140-180 mg/dL 1 retrospective study with 415 total patients Egi et al[34] (2011)
If HbA1c > 7%: > 200 mg/dL

Surgical ICU If ICU stay is for more than 3 d, 
ventilator dependent, on dialysis, or with 
cardiac comorbidities: < 150 mg/dL

1 prospective study with 4864 total patients 
across 17 yr

Furnary et al[40] (2004)

Neurocritical ICU patients If not: < 180 mg/dL 16 studies with 1258 total patients Kramer et al[43] (2012)
If hypoglycemia can be prevented: 
110-140 mg/dL
If not: 140-180 mg/dL

STEMI ICU patients < 200 mg/dL No high quality studies available Consensus 
by NICE

Nice Guidelines[47] (2011)

Sepsis ICU patients < 180 mg/dL 1 randomized control trial with 6104 
patients

Based of NICE-SUGAR study[17]

Pregnant ICU patients No consensus N/A Van de Velde et al[55] (2013)

ICU: Intensive care unit; N/A: Not applicable; HbA1c: Glycosylated hemoglobin; NICE-SUGAR: Normoglycemia in Intensive Care Evaluation-Survival 
Using Glucose Algorithm Regulation.
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shown that glucose levels correlate well with standard 
arterial glycemic measurement[62-64]. 

Conclusion
Glycemic control in the ICU continues to be challenging 
at best. Although the glycemic control strategy does 
not vary among diabetic individuals without persistent 
hyperglycemia from non-diabetic individuals (serum 
glucose goal of 140-180 mg/dL), it is important to note 
the cases where exceptions should be made. In neurolo
gical patients and surgical patients, a stricter glycemic 
strategy can be maintained (110-140 mg/dL and < 150 
mg/dL, respectively) as long as adequate hypoglycemia 
can be avoided. In patients with a history of persistent 
hyperglycemia (HbA1c above 7%), liberal glycemic control 
may be beneficial in reducing the risk of hypoglycemia 
and glycemic variability, which is known to increase 
cardiovascular mortality, but further evidence and studies 
are necessary before a strong recommendation can be 
given. Further randomized control studies are suggested 
to further evaluate the variability in the target blood 
glucose level among different conditions.
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Abstract
Aging and overnutrition cause obesity in rodents and 
humans. It is well-known that obesity causes various 
diseases by producing insulin resistance (IR). Macro
phages infiltrate the adipose tissue (AT) of obese 
individuals and cause chronic low-level inflammation 
associated with IR. Macrophage infiltration is regulated 
by the chemokines that are released from hypertrophied 
adipocytes and the immune cells in AT. Saturated fatty 
acids are recognized by toll-like receptor 4 (TLR4) and 
induce inflammatory responses in AT macrophages 
(ATMs). The inflammatory cytokines that are released 
from activated ATMs promote IR in peripheral organs, 
such as the liver, skeletal muscle and AT. Therefore, ATM 
activation is a therapeutic target for IR in obesity. The 
ubiquitin ligase Casitas b-lineage lymphoma-b (Cbl-b) 
appears to potently suppress macrophage migration and 
activation. Cbl-b is highly expressed in leukocytes and 
negatively regulates signals associated with migration and 
activation. Cbl-b deficiency enhances ATM accumulation 
and IR in aging- and diet-induced obese mice. Cbl-b 
inhibits migration-related signals and SFA-induced TLR4 
signaling in ATMs. Thus, targeting Cbl-b may be a 
potential therapeutic strategy to reduce the IR induced 
by ATM activation. In this review, we summarize the 
regulatory functions of Cbl-b in ATMs.

Key words: Casitas b-lineage lymphoma-b; Insulin resi
stance; Macrophage; Obesity; Toll-like receptor 4
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Core tip: Obesity leads to the development of chronic 
inflammation and insulin resistance (IR). Adipose tissue 
macrophages (ATMs) play a crucial role in the develop
ment of obesity-induced IR. Therefore, ATMs are attractive 
therapeutic targets for IR. Recently, we demonstrated that 
the ubiquitin ligase Casitas b-lineage lymphoma-b (Cbl-b) 
negatively regulates the migration and activation of ATMs. 
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Here, we review key aspects of Cbl-b function in the 
regulation of ATMs.

Abe T, Hirasaka K, Nikawa T. Involvement of Cbl-b-mediated 
macrophage inactivation in insulin resistance. World J Diabetes 
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INTRODUCTION
In 2014, more than 1.9 billion adults were overweight, 
and of these, over 600 million were obese[1]. Obesity is a 
risk factor for the development of insulin resistance (IR), 
diabetes mellitus, hepatic steatosis and hypertension[2], 
resulting in escalating healthcare costs in several developed 
countries. Thus, it is important to elucidate the mechanism 
for obesity-associated IR and develop attractive therapeutic 
strategies for treating IR. A combination of various factors, 
such as diet, lifestyle, genetic background, psychological 
stress and aging, leads to obesity. In particular, aging and 
nutritional excess play critical roles in the development of 
obesity. 

Aging causes decreases in physical activity, lean body 
mass and anti-oxidant defenses, thus increasing oxidative 
stress and the number of damaged cells[3]. These changes 
are associated with lipid accumulation in white adipose 
tissue (WAT) due to decreased energy expenditure. The 
oxidative stress induced by aging causes mitochondrial 
dysfunction and muscle atrophy. Sarcopenia, aging-induced 
skeletal muscle loss, decreases energy expenditures and 
causes obesity[4]. An excessive intake of carbohydrates 
and lipids causes the accumulation of triacylglycerols in 
adipocytes, which produces expansion of the adipocyte. 
Obesity causes inflammatory responses in WAT. It is well-
known that in addition to its roles in fat storage, AT also 
plays key roles in endocrine system. AT secretes lipids, 
adipokines and chemokines to maintain homeostasis. The 
hypertrophy of the AT alters adipokine and chemokine 
secretion[2,5]. It is well-known that diverse immune cells 
reside in WAT of both lean and obese individuals, and 
these cells release inflammatory cytokines during obesity. 
Resident eosinophils and regulatory CD4+ helper T cells 
maintain homeostasis in the AT of lean subjects[6]. In 
contrast to CD4+ T cells, CD8+ T cells increase in number 
in the AT of obese subjects and promote the inflammatory 
responses mediated by macrophages[7]. AT macrophages 
(ATMs) also release various inflammatory mediators. 
Because ATMs play a key role in obesity-associated 
inflammatory action, the suppression of ATM activation is 
a potent therapeutic strategy for treating IR induced by 
obesity. Recently, several studies demonstrated that the 
ubiquitin ligase Casitas b-lineage lymphoma-b (Cbl-b) is 
a key regulator of macrophage activation[8-10]. Here, we 
review the key roles of Cbl-b in ATM activation and the 
pathogenesis of IR in obesity.

THE UBIQUITIN LIGASE CBL-B
In mammalian cells, there are three major intracellular 
protein degradation pathways. The calpain pathway, the 
autophagy-lysosome pathway, and the ubiquitin (Ub)-
proteasome system play important roles in maintaining 
cellular homeostasis. In particular, the Ub-proteasome 
system is regulated by three types of enzymes: A Ub-
activating enzyme (E1), a Ub-conjugating enzyme (E2) 
and a Ub ligase (E3). In the initial step, the activation 
of Ub proteins by E1 enzymes is critically dependent 
on the presence of ATP. An E1 enzyme transfers a Ub 
protein to E2 enzyme. And then, the E2 enzymes shuttle 
a Ub protein to an E3 enzyme, which ubiquitinates the 
specific target protein. The proteins tagged with Ub are 
specifically degraded by the proteasome. Therefore, 
E3 enzymes are important for determining the specific 
target proteins that will be degraded by proteasome[11]. 

The Cbl proteins in mammalian (c-Cbl, Cbl-b and 
Cbl-c), which were originally identified as adaptor mol
ecules, function as ubiquitin ligases (Figure 1). A number 
of studies show that Cbl proteins inhibit the signal trans
duction by receptor and non-receptor tyrosine kinases[12-14]. 
The protein tyrosine kinase-binding (TKB) and really 
interesting new gene (RING) finger (RF) domains are 
highly conserved in the N-terminal domains of all Cbl 
homologues. The TKB domain, which is a specific domain 
in Cbl proteins, binds to the phosphorylated tyrosines of 
the substrates through Src-homology (SH) 2 domains[15]. 
The RF catalytic domain has the E3 ubiquitin ligase activity 
because it binds to E2 enzymes[16]. Cbl-b is a substrate 
of tyrosine kinases, and the ubiquitin ligase activity 
is regulated by the phosphorylation of some tyrosine 
residues[14,17,18]. Increasing evidence indicates that Cbl-b 
is abundantly expressed in leukocytes and decreases the 
activation of various immune cells. Therefore, loss-of-
function mutations of Cblb cause various autoimmune 
diseases[19-21]. Interestingly, a Cblb mutation was identified 
as factor associated with diabetes in a rat model of human 
type Ⅰ diabetes[20,22]. Yokoi et al[22] reported that F328L is 
a loss-of-function mutation in T cells that was identified in 
Japanese subjects. These studies reveal that the function 
of Cbl-b is connected to diabetes.

INFLAMMATORY ACTIONS OF 
MACROPHAGES IN ADIPOSE TISSUE
Various immune cells, such as macrophages, T cells, mast 
cells, natural killer cells and eosinophils, reside in WAT 
along with adipocytes. The expansion of adipocytes alters 
these populations in WAT. ATMs increase the number of 
cells in the AT of obese mice[23]. ATMs play important roles 
in the AT of lean and obese humans and rodents. In the AT 
of lean subjects, resident M2-like or alternatively activated 
ATMs preferentially maintain homeostasis by secreting anti-
inflammatory cytokines. In contrast, in obesity, the M1-like 
or classically activated ATMs in WAT induce inflammation 
mediated by the release of inflammatory cytokines and 
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chemokines. ATMs are activated by saturated fatty acids 
(SFAs) through toll-like receptor 4 (TLR4). Although TLR4 
was identified as the receptor for lipopolysaccharide (LPS), 
which is a component of the outer membrane of gram-
negative bacteria[24], SFAs also activate TLR4 signaling in 
macrophages. The global mutation or the bone marrow-
specific deficiency of TLR4 abrogated the systemic IR 
induced by the consumption of a high-fat diet (HFD)[25-27]. 
However, the molecular mechanism of TLR4 activation 
by SFAs is poorly understood. It is thought that SFAs fail 
to directly bind to TLR4[28]. A recent study[29] showed that 
SFAs activate the TLR4 signaling mediated by fetuin-A, a 
64 kDa glycoprotein released from the liver in response 
to HFD consumption. Fetuin-A mediates SFA-induced 
activation of TLR4 by directly interacting with TLR4 in 
macrophages and adipocytes[29]. Interestingly, treatment 
with the insulin sensitizer pioglitazone suppresses fetuin-A 
expression through peroxisome proliferator-activated 
receptor-g activation in hepatoma cells[30]. SFA treatments 
induce the activation of nuclear factor kB (NF-kB) and 
Jun N-terminal kinase (JNK), which are TLR4 signaling 
molecules in macrophages[26,31]. In fact, the inhibition of 
NF-kB or JNK ameliorates IR by activating ATMs in obese 
rodents[32,33]. Therefore, the regulation of ATM activation is 
a potent therapeutic target for obesity-associated IR.

CBL-B IN ATM RECRUITMENT
Aging and overnutrition cause the hypertrophy of AT, 
resulting in the accumulation of ATMs[5]. The activated 
ATMs induce peripheral and systemic IR through the 
release of inflammatory cytokines. JNK is a TLR4 signaling 
molecule and mediates the expression of inflammatory 
cytokines in macrophages. Bone marrow-specific deficiency 
of JNK1 ameliorated diet-induced IR by suppressing AT 
inflammation in mice[34]. We demonstrated that depletion 
of Cbl-b exacerbated obesity and IR induced by aging and 
HFD in mice[35,36]. We also found that ATM activation was 
enhanced in Cbl-b knockout (Cbl-b-/-) mice. In 30-wk old 
Cbl-b-/- mice, we observed hypertrophy of AT, IR, hepatic 
steatosis and β cell dysfunction (Table 1). Interestingly, 

the ATM accumulation was dramatically increased in WAT. 
This event was caused by two factors in Cbl-b-/- mice. One 
factor was the high levels of monocyte chemotactic protein 
(MCP)-1/CC chemokine ligand 2 protein in circulation and 
WAT. MCP-1 is a member of CC chemokines, and causes the 
chemotaxis of leukocytes[37]. Previous reports demonstrated 
that MCP-1 and CC chemokine receptor type 2 (CCR2), the 
receptor for MCP-1, are associated with obesity-induced 
IR, inflammation and ATM accumulation[38-41]. In addition, 
CCR2 causes hepatic infiltration of macrophages and 
steatosis in mice[42,43]. Taken together, the data indicate that 
the inhibition of CCR2 is a potent therapeutic strategy for 
treating obesity-induced inflammation and IR.

Furthermore, it is known that Cbl-b decreases the 
migration-related signaling in macrophages. Macrophage 
migration is regulated by activation of the guanine 
nucleotide exchange factor Vav1[44]. Previous studies 
demonstrated that phosphorylation of Vav1 at Tyr267 
mediated by spleen tyrosine kinase (Syk) is critical for 
Vav1 activation in leukocytes[45,46]. Cbl-b directly binds 
to Vav1 in T cells[47,48]. Although Vav1 phosphorylation is 
inhibited by Cbl-b, Cbl-b does not induce the degradation 
of Vav1. We also demonstrated that the depletion of Cbl-b 
promoted tyrosine phosphorylation in Vav1 in peritoneal 
macrophages from mice. These results indicated that 
the increased MCP-1 released from WAT and Vav1 phos
phorylation cause ATM accumulation in Cbl-b-/- mice 
(Figure 2). In fact, treatment with an anti-MCP-1 antibody 
reduced the IR and ATM accumulation in Cbl-b-/- mice. 
Thus, Cbl-b may serve as a therapeutic target to reduce 
the IR mediated by the accumulation of ATMs.

CBL-B IN TLR4 SIGNALING
Several ubiquitin ligases have been identified as negative 
regulators of TLR4 signaling[49-52]. Triad3A is a RF ubiquitin 
ligase and directly binds to TLR4, resulting in ubiquitination 
and proteolytic degradation. Recent reports indicate that 
TLR4 signaling is inhibited by Cbl-b in macrophages and 
neutrophils[8,53]. Han et al[8] demonstrated that TLR4 
signaling induced by LPS was suppressed in macrophages 
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Figure 1  The primary structure and domain organization of human Casitas b-lineage lymphoma family proteins. Cbl-b proteins contain highly conserved 
tyrosine kinase-binding (TKB), linker (L), RING finger (RF) and proline-rich (PR) domains. 4H: Four-helix bundle; SH2: Src-homology 2; UBA: Ubiquitin-associated 
domain.
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a TLR4 antagonist improves insulin sensitivity and ma
crophage accumulation in the atherosclerotic lesions 
of low-density lipoprotein receptor-deficient mice. We 
demonstrated the TLR4 signaling was strongly associated 
with the development of IR in obese Cbl-b-/- mice using 
eritoran, a TLR4 antagonist[58]. The eritoran treatment 
reduced the insulin sensitivity and glucose tolerance in 
obese Cbl-b-/- mice. This phenomenon may be caused by 
a decrease in ATM accumulation. In fact, we found that 
an anti-TLR4 antibody inhibited SFA-induced TLR4 signal 
transduction in murine peritoneal macrophages. Our data 
suggest that TLR4 antagonists are potent therapeutic 
drugs that can be used to treat the IR mediated by ATM 
activation.

CONCLUSION
Obesity causes various diseases through the development 
of IR, which is a clinical feature of patients with type 
2 diabetes. Prediabetes is defined as impaired fasting 
glucose, impaired glucose tolerance and/or high levels of 
plasma glycated hemoglobin and is a critical risk factor for 
cardiovascular diseases[59]. AT inflammation is thought to 
be associated with the onset of prediabetes[60]. Therefore, to 
prevent type 2 diabetes, the development of ab effective 
therapeutic strategy for obesity-induced IR is urgently 
needed.

Aging- and diet-induced obesity causes the IR mediated 
by ATM activation. However, the mechanisms underlying 
ATM activation are poorly understood. We showed that 
Cbl-b reduces IR by suppressing macrophage migration 
and activation in mice. However, several questions remain 
about the biological implication of Cbl-b in human cells. 
The molecular mechanism underlying the effects of Cbl-b 

by Cbl-b-mediated ubiquitination and breakdown of toll/IL-1 
receptor domain-containing adapter inducing interferon-β 
(TRIF) and MyD88, which are adaptor molecules for 
TLR4 signal transduction. This suppression by Cbl-b 
was dependent on the presence of integrin αM (CD11b). 
In neutrophils, Cbl-b also suppresses LPS signaling by 
preventing the formation of the TLR4-MyD88 complex[53]. 
These reports suggest that Cbl-b is a critical regulator of 
the macrophage activation mediated by LPS-induced TLR4 
signaling. 

TLR4 activation by SFAs thought to play a pivotal role in 
ATM activation-induced IR. Diet-induced obesity increases 
the circulating levels of free FAs. SFAs directly induce IR 
in the liver, skeletal muscle and AT[54]. Furthermore, SFAs 
cause chronic inflammation through ATM activation, which 
is mediated by TLR4 signal transduction[25,26]. Recently, we 
demonstrated that the knockout of Cbl-b promoted and IR 
through ATM accumulation in HFD-fed mice[36]. In addition 
to increased ATM accumulation, inflammatory cytokine 
secretion was increased in the AT of obese Cbl-b-/- mice. 
In addition to aging, the consumption of a HFD increases 
MCP-1 expression in WAT. We found that depletion of Cbl-b 
in murine peritoneal macrophages promotes SFA-induced 
TLR4 signal transduction (Figure 3). Palmitate-induced JNK 
phosphorylation and IL-6 expression were enhanced in 
Cbl-b-deficient peritoneal macrophages. We also showed 
that TLR4 is a substrate for Cbl-b in the presence of SFAs. 
Overexpression of Cbl-b increased the ubiquitination and 
breakdown of TLR4 after palmitate treatment. Consistent 
with this finding, the TLR4 protein expression levels on the 
surface of Cbl-b-deficient peritoneal macrophages were 
increased. It is well known that LPS treatment induces 
the phosphorylation of 2 tyrosine residues of human 
TLR4[55]. The phosphorylation of TLR4 is required to 
activate signaling by promoting an interaction with Syk in 
macrophages[56]. It remains unknown whether SFAs also 
induce the TLR4 tyrosine phosphorylation in macrophages. 
Although LPS induces the ubiquitination and degradation 
of MyD88 and TRIF[8], SFAs do not induce these pathways 
in macrophages[36]. These differences between LPS and 
SFAs are not fully understood. Further investigations 
are needed to elucidate the mechanism of SFA-induced 
phosphorylation of TLR4.

Recently, Lu et al[57] reported that treatment with 

MCP1

CCR2

Cbl-b

P

Vav1

Migration

Figure 2  Casitas b-lineage lymphoma-b suppresses macrophage migration. 
Monocyte chemoattractant protein (MCP)-1 causes macrophages to infiltrate 
adipose tissue via C-C chemokine receptor 2 (CCR2). Phosphorylation (P) 
of Vav1 mediates macrophage migration, and Cbl-b negatively regulates 
macrophage migration by suppressing Vav1 phosphorylation. 

Table 1  Phenotypes of Cbl-b-/- mice

Age and diet Phenotypes Ref.

30-wk old, normal diet Adipose tissue inflammation [35]
Adiposity
Fasting hyperinsulinemia
Hepatic steatosis
Impaired glucose tolerance
Insulin resistance

13-wk old, high-fat diet Adipose tissue inflammation [36]
Adiposity
Fasting hyperleptinemia
Fasting hyperlipidemia
Fasting hypoadiponectinemia
Insulin resistance
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in macrophages is unknown. Further investigations are 
essential to identify new tyrosine kinases for Cbl-b. Recently, 
it was shown that macrophages infiltrate the fatty liver 
and AT in obesity. Cbl-b may suppress the macrophage 
activation in fatty liver. The side effects of Cbl-b activation 
remain unclear. We also showed that Cbl-b disturbed 
insulin-like growth factor signaling through ubiquitination 
and degradation of insulin receptor substrate-1 in skeletal 
muscle under unloading conditions[61]. Although we did 
not observe an enhancement of insulin signal transduction 
in lean Cbl-b-/- mice, tissue-specific Cbl-b activation may 
be important when using a drug delivery system, such 
as liposomes. A better understanding of Cbl-b-mediated 
ATM activation may provide the basis for developing novel 
therapeutic strategies that can be used to treat IR.
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Abstract
AIM
To determine how statins, testosterone (T) replacement 
therapy (TRT) and phosphodiesterase 5-inhibitors (PDE5I) 
influence age related mortality in diabetic men.

METHODS
We studied 857 diabetic men screened for the BLAST 
study, stratifying them (mean follow-up = 3.8 years) 
into: (1) Normal T levels/untreated (total T > 12 nmol/L 
and free T > 0.25 nmol/L), Low T/untreated and Low 
T/treated; (2) PDE5I/untreated and PDE5I/treated; 
and (3) statin/untreated and statin/treated groups. The 
relationship between age and mortality, alone and with 
T/TRT, statin and PDE5I treatment was studied using 
logistic regression. Mortality probability and 95%CI were 
calculated from the above models for each individual. 

RESULTS
Age was associated with mortality (logistic regression, OR 
= 1.10, 95%CI: 1.08-1.13, P  < 0.001). With all factors 
included, age (OR = 1.08, 95%CI: 1.06-1.11, P  < 0.001), 
Low T/treated (OR = 0.38, 95%CI: 0.15-0.92, P  = 0.033), 
PDE5I/treated (OR = 0.17, 95%CI: 0.053-0.56, P  = 0.004) 
and statin/treated (OR = 0.59, 95%CI: 0.36-0.97, P  = 
0.038) were associated with lower mortality. Age related 
mortality was as described by Gompertz, r 2 = 0.881 when 
Ln (mortality) was plotted against age. The probability 
of mortality and 95%CI (from logistic regression) of 
individuals, treated/untreated with the drugs, alone and in 
combination was plotted against age. Overlap of 95%CI 
lines was evident with statins and TRT. No overlap was 
evident with PDE5I alone and with statins and TRT, this 
suggesting a change in the relationship between age and 
mortality. 

CONCLUSION
We show that statins, PDE5I and TRT reduce mortality 
in diabetes. PDE5I, alone and with the other treatments 
significantly alter age related mortality in diabetic men. 

Key words: Type 2 diabetes; Mortality; Gompertz-Make
ham equation; Phosphodiesterase 5 inhibitors; Male 
hypogonadism; Statins; Testosterone replacement therapy

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We have described a study of men with type 2 
diabetes showing that mortality rates are in accordance 
with the pattern described nearly 200 years ago by 
Benjamin Gompertz. The data show that statin, phos
phodiesterase 5 inhibitors (PDE5I) and testosterone 
replacement in hypogonadal men reduce all-cause 
mortality. PDE5I, alone and in combination with the other 
2 agents alters the association between age and mortality, 
thus improving prognosis. The graphical illustrations 
adopted in this paper communicate the impact of medical 
intervention very effectively to patients and this could 
potentially improve compliance leading to significant 

clinical benefit.
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INTRODUCTION
In 1825, Benjamin Gompertz described a law defining 
human mortality based on the equation, μ(x) = α x 
eβx, with μ(x) being the mortality rate at age x years 
and, α and β (considered to be the ageing rate) being 
constants[1]. Subsequently, Makeham proposed a modified 
Gompertz equation, μ(x) = α x eβx + y, that included a 
factor (y) describing extrinsic mortality thereby allowing 
the effect of age -independent and -dependent factors 
on mortality to be studied[1,2]. Avoidance of external 
factors such as conflict or starvation results in the age-
independent component having less impact on death rate 
and therefore, mortality increases exponentially with age. 
It has been suggested that β is similar for all populations 
and it is the intercept (α) that varies[3]. In developed 
countries, the age-independent intercept is influenced 
by medical care as many treatments have a significant 
impact on mortality though factors encountered in early 
life can also influence later outcomes[4].

Mortality in type 2 diabetes (T2DM) is associated 
with age and therapy. Patients have a 1.5-2.5 fold higher 
mortality than the general population[5,6] with men and 
women suffering a mean 7.5 years and 7 years reduction 
in life expectancy respectively[7]. This increase in mor
tality appears related to the age at diagnosis, being lower 
in patients diagnosed their late 70 s compared with those 
aged in their mid-40 s[8].

Several inter-related pathologies are associated 
with mortality in T2DM and accordingly, statins and 
in men, testosterone replacement therapy (TRT) and 
phosphodiesterase 5 inhibitors (PDE5I) are commonly 
prescribed. Since rates of cardiovascular disease (CVD) 
associated mortality are 2-4 times higher than in non-
diabetics, reduction of serum LDL-cholesterol is a key 
aim[9,10]. Statins are the mainstay of lipid lowering therapy 
with trials demonstrating marked reductions in CVD in 
T2DM patients[9,11]. Male hypogonadism characterised 
by low serum testosterone and sexual dysfunction is 
common in diabetics and also linked with mortality[12-15]. 
Studies in men with diabetes show low serum free 
testosterone is associated with carotid atherosclerosis 
identified by carotid artery intimal thickness and plaque 
score[16]. All-cause mortality is greater in those with low 
compared with normal total testosterone levels[17]. Three 
studies, two in men with T2DM, suggest TRT reduces 
all-cause mortality[17-19]. A randomized controlled study 
of men with T2DM showed TRT improves symptoms 
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of hypogonadism, the different symptoms significantly 
improving at varying testosterone thresholds[20]. Im
portantly, in T2DM patients, erectile dysfunction (ED) 
appears to be an independent predictor of vascular 
disease and mortality[13-15]. PDE5I have beneficial 
effects on endothelial function, insulin resistance and 
possess potentially cardio-protective properties[15,21,22]. 
Gazzaruso et al[15] showed that PDE5I use in T2DM men 
was associated with reductions in major adverse cardiac 
events and angiography confirmed coronary artery 
disease. Our longitudinal prospective study indicated 
that PDE5I use was possibly associated with reduced 
mortality independent of TRT and statin therapy[19]. 
Further, Anderson et al[23] reported a 31% reduction in 
all-cause mortality and 26% reduction in myocardial 
infarction in men with T2DM prescribed PDE5I.

We recently reported in a prospective longitudinal 
study of 857 men with T2DM that TRT and PDE5I were 
independently associated with increased survival in men 
with T2DM[19]. Importantly baseline body weight, body 
mass index, lipids, glycaemic control and hypertension 
were not associated with mortality. We now describe 
a retrospective analysis of this cohort determining the 
association between age and mortality, establishing 
whether the mortality rate follows the pattern described 
by Gompertz and estimating how testosterone status 
and treatments (statins, TRT and PDE5I) alter this 
relationship.

MATERIALS AND METHODS
This study is a retrospective analysis of follow-up data 
obtained in 857 men with T2DM screened following 
informed consent for the randomised double blind 
placebo controlled BLAST (Birmingham, Lichfield, Ather
stone, Sutton and Tamworth) study designed to inves
tigate the effects of long acting  testosterone on clinical 
symptoms and metabolic parameters over a 30 wk 
treatment period[24]. The patients were listed in the 
registers of 5 English Midlands practices and initially 
screened for total testosterone (TT) and free testosterone 
(FT) during April 2007-April 2009. Based on total and 
free testosterone levels, the 857 men were classified 
as Normal T (total testosterone > 12 nmol/L and free 
testosterone > 0.25 nmol/L) or Low T (total testosterone 
≤ 12 nmol/L or free testosterone ≤ 0.25 nmol/L) with 
a second measurement taken at least 2 wk later in men 
with TT ≤ 12 nmol/L, according to the Endocrine Society 
clinical practice guidelines[25]. The BLAST intervention 
study were approved by the West Midlands Regional 
Ethics Committee (reference: 08/H1208/30), the Nati
onal Institute for Health Research (Birmingham and the 
Black Country Comprehensive Local Research Park - 
RM&G reference: 1268) and Warwickshire Primary Care 
Trust (reference: WAR230909) with the long term follow-
up approved as an audit by all the appropriate Primary 
Care Trust Ethics Committees.

United Kingdom Primary care diabetes care treatment 
of glycaemic control, dyslipidaemia and hypertension 

is protocol and guideline driven as part of the Quality 
Outcomes Framework initiative. TRT was prescribed 
according to the BLAST study programme[24,26]. The 
United Kingdom NHS regulations allowed PDE5I pre
scribing for ED in men with diabetes with a suggested 
regime of 1 dose/wk[27].  

The 857 men were categorised by statin, TRT and 
PDE5I treatment at death or final visit, firstly, by statin 
treatment; 195 men were Statin/untreated and 662 
men Statin/treated, secondly by hypogonadism and 
TRT; 320 men were Normal T (TT > 12 nmoL/L and FT 
> 0.25 nmol/L)/untreated, 362 men were Low T (TT 
≤ 12 nmol/L or FT ≤ 0.25 nmol/L)/untreated and 175 
men were Low T/treated (TT ≤ 12 nmol/L or FT ≤ 0.25 
nmol/L)/treated and thirdly, by PDE5I treatment; 682 
men were PDE5I/untreated and 175 men were PDE5I/
treated. Mortality data was collected from the general 
practice databases, hospital letters and death certificates.

Laboratory methods
Statin and TRT prescribing was based on protocols based 
on laboratory measurements. Serum sex hormone 
binding globulin, albumin and lipids were analysed using 
a Roche Modular automated analyzer (Roche Diagnostics, 
Burgess Hill, United Kingdom). Early morning fasting 
TT was measured using the validated Roche common 
platform immunoassay. FT was calculated using the 
Vermeulen et al[28].

Stata version 8 (College Station, TX) was used for 
statistical analyses with all-cause mortality as primary 
end point. Differences in mortality between the alive and 
deceased groups were identified using χ 2 (statin, PDE5I, 
TRT and hypogonadism) and unpaired t-test (age at 
death or final visit). Logistic (and logit) regression was 
initially carried out to study the association between 
death/survival (dichotomous outcome) and age at death 
or final follow-up visit as the independent variable. 
Subsequently, separate models were developed with each 
treatment (statins, testosterone (status and treatment) 
and PDE5I) being included with age at death or final visit 
as the independent variables. Discrete ordinal variables 
were factorised with one category selected as reference. 
In the testosterone groups, Low T/untreated was selected 
as reference as Normal T/untreated and Low T/treated 
differed by one characteristic, i.e., TT and FT concentration 
and TRT respectively. Patients on statins and PDE5I were 
compared to those not on treatment (reference groups). 
We estimated individual probability of mortality (and 
95%CI for each man using separate logistic regression 
models. The statistical approaches used were reviewed 
by author, Professor Peter W Jones, Professor of Medical 
Statistics, Keele University, and considered appropriate.

RESULTS
Table 1 presents the data used to compare the age and 
treatment details of men who either survived or died 
during the study. The Table shows the mean age of the 
total study group and of the 754 men alive at study end 
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lower than that of men in the Low T/untreated group 
(59.2%).

Importantly, in two of the treatment groups the age 
at final visit of survivors varied; PDE5I treatment (PDE5I/
untreated: Mean age = 67.2 ± 10.1 years, PDE5I/
treated: Mean age = 62.7 ± 10.0 years, P < 0.0001) 
and TRT (Low T/untreated: 67.3 ± 11.3 years, Low 
T/treated: 61.8 ± 10.9 years, P < 0.0001) patients. No 
corresponding difference in age at final visit in survivors 
was observed in the Statin/untreated vs Statin/treated 
and Normal T/untreated vs Low T/untreated groups. Age 
at death did not significantly differ with statin (Statin/
untreated: Mean age = 77.0 ± 10.5 years, Statin/
treated: Mean age = 75.8 ± 10.1 years, P = 0.56) or 
PDE5I treatment (PDE5I/untreated: Mean age = 76.4 
± 10.1 years, PDE5I/treated: Mean age = 67.0 ± 13.3 
years, P = 0.11). Importantly, only 3 patients on PDE5I 
treatment died during follow-up (Table 1). Interestingly, 
age at death varied between the testosterone groups 
(Normal T/untreated: Mean age = 73.9 ± 10.6 years 
vs Low T/untreated: Mean age = 78.4 ± 8.9 years, P = 
0.0.028, Low T/untreated: Mean age = 78.4 ± 8.9 vs 
Low T/treated: Mean age 66.3 ± 13.1 years, P = 0.0034).

As age at death or final visit differed between the 
treatment and testosterone status groups we used logistic 
regression analyses to see if the associations in Table 
1 were independent. Table 2 shows age is associated 
with mortality regardless of the other factors added to 
regression models (Models a-e). Significant reduction in 
mortality was observed with TRT (Low T men - Model c) 
and PDE5I (Model d) treatments while the benefit due to 
statins approached significance (Model b). All 3 treatments 
were significantly associated with decreased mortality 
when entered together (Model e).

We determined if our mortality data adhered to the 
Gompertz-Makeham equation. Figure 1 shows mortality 
rate (as % and logarithmic values) plotted against age 
(as 5 year categories). A linear relationship was observed 
between Ln (mortality) and age (R2 = 0.881) suggesting 
that the mortality observed in our cohort did fit the 
pattern initially described by Gompertz. 

and 103 deceased men. Mean age in the deceased group 
was significantly higher (P < 0.0001) than in survivors.  
Table 1 also shows the proportion of alive/deceased men 
treated with statin or PDE5I. In the deceased group, a 
significantly lower proportion of men were treated with 
statins (68.0%, P = 0.017) or PDE5I (2.9%, P < 0.001) 
compared with survivors (78.5%, 22.8% respectively). 
To assess the impact of hypogonadism and TRT on 
mortality, we stratified the 857 men into three groups; 
Normal T/untreated (eugonadal), Low T/untreated and 
Low T/treated. Table 1 shows in the deceased group that 
the proportions of men given TRT (5.8%, P < 0.001) or 
who were eugonadal (35.0%, P = 0.037) was significantly 

Table 1  Mortality in men with type 2 diabetes stratified by treatment with statins, testosterone status/treatment, phosphodiesterase 
5-inhibitors and combinations of treatments n  (%)

Total group Alive Deceased P  value

Patient n 857 754 103
Mean age at death or last visit/SD (yr) 67.4/11.6 66.2/11.3 76.2/10.2 < 0.00011

Patient numbers (%) stratified by treatment
  Statin/untreated 195 (22.8) 162 (21.5)   33 (32.0)   0.0172

  Statin/treated 662 (77.3) 592 (78.5)   70 (68.0)
  Normal T/untreated 320 (37.3) 284 (37.7)   36 (35.0) < 0.0012

  Low T/untreated 362 (42.2) 301 (39.9)   61 (59.2)
  Low T/treated 175 (20.4) 169 (22.4)   6 (5.8)
  PDE5I/untreated 682 (79.6) 582 (77.2) 100 (97.1) < 0.0012

  PDE5I/treated 175 (20.4) 172 (22.8)   3 (2.9)
Not on any of the above therapeutic agents 125 (14.6)   92 (12.2)   33 (32.0)    0.0022

On all 3 therapeutic agents 45 (5.3) 43 (5.7)   2 (1.9)

1Unpaired t test; 2χ 2 analysis.

Table 2  Association between age and mortality corrected 
for statin treatment, testosterone status/treatment and phos­
phodiesterase 5-inhibitors treatment

OR (95%CI) P  value

Model a
  Age (yr) 1.10 (1.08-1.13) < 0.001
Model b  
  Age (yr) 1.10 (1.07-1.13) < 0.001
  Statin/untreated Reference
  Statin/treated 0.63 (0.39-1.01)    0.057
Model c
  Age (yr) 1.10 (1.07-1.12) < 0.001
  Normal T/untreated 0.61 (0.42-1.07)    0.092
  Low T/untreated Reference
  Low T/treated 0.31 (0.13-0.75)    0.009
Model d
  Age (yr) 1.09 (1.07-1.12) < 0.001
  PDE5I/untreated Reference
  PDE5I/treated 0.16 (0.051-0.54)    0.003
Model e
  Age (yr) 1.08 (1.06-1.11) < 0.001
  Statin/untreated Reference
  Statin/treated 0.59 (0.36-0.97)    0.038
  Normal T/untreated 0.69 (0.43-1.10)    0.120
  Low T/untreated Reference
  Low T/treated 0.38 (0.15-0.92)    0.033
  PDE5I/untreated Reference
  PDE5I/treated 0.17 (0.053-0.56)    0.004

Hackett G et al . Treatment effects on age related mortality

PDE5I: Phosphodiesterase 5-inhibitors.
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However, our cohort is heterogeneous as it comprises 
men on varying treatments that influence mortality (Table 
1). Figure 2 displays the relationship between mortality 
rates in the total group and in the different treatment and 
age categories (5 years selected due to lower numbers 
in the subgroups). As predicted in the logistic regression 
analyses (Table 2), statin, TRT and PDE5I treatments 
reduced the age related mortality, though the reduction 
differed in the age categories.

To further graphically demonstrate the impact of 
statin, TRT and PDE5I on mortality, the probability of 
mortality of each patient together with the 95%CI were 
estimated from the logistic regression analyses in Table 
2. Figures 3 show the probability of mortality plotted 

against the age of the patient in the total cohort, by the 
treatment groups and by treatment combination (men 
on all 3 treatments vs not on any of the treatments). 
In the statin (Figure 3B) and TRT (Figure 3C) plots 
some overlap in the 95%CI is seen between treated  
compared to untreated men. For PDE5I (Figure 3D) and 
combination treatments (Figure 3E) no overlap of 95%CI 
values was observed after 50 years of age indicating the 
relationship between mortality and age is significantly 
altered. 

DISCUSSION
In a recent longitudinal study we showed that in men 
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with T2DM, hypogonadism is associated with increased 
mortality compared to eugonadal men. Importantly TRT 
abolished this increase in mortality[19]. PDE5I (HR = 0.21, 
P = 0.009) and possibly statin (HR = 0.69, P = 0.086) 
use were also observed to reduce mortality[19]. Our aim in 
this paper was to determine how these three commonly 
used treatments influence the association between 
age and mortality in T2DM men. Our approach was to 

determine the probability of a patient in each treatment 
group living or dying at a particular age. Importantly, 
the Gompertz-Makeham law accurately describes the 
association between age and mortality in subjects aged 
approximately between 30-80 years, an age range that 
encompasses most of our study group. 

Data on the United Kingdom Government Web 
Archive (http://webarchive.nationalarchives.gov.uk/20160 
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105160709/http://www.ons.gov.uk/ons/rel/vsob1/death-
reg-sum-tables/2013/sty-mortality-rates-by-age.html 
- accessed 2016 Oct 24) shows firstly, the relevance of 
the Gompertz model; mortality rates between 1963 and 
2013 demonstrate an exponential pattern similar to that 
described nearly 200 years ago by Gompertz. Secondly, 
the Archive data show that while the adult mortality 
rate had fallen during 1963-2013, possibly because of a 
reduction in CVD resulting from statin use and smoking 
cessation, it still demonstrated an exponential pattern in 
both genders. 

In this study, we used a retrospective approach based 
on logistic regression to study the impact of treatment on 
the association between age and mortality. Accordingly, 
we compared results from this study with those from 
a previous prospective longitudinal analysis[19]. As ex
pected, similar independent associations between the 
treatments and mortality were observed (Table 2, model 
e) enabling us to examine the impact of treatment on 
the relationship between age and probability of mortality. 
The relationship between age and mortality remained 
significant regardless of which (single or combination) 
treatment factors were added to regression models. 

Life tables derived from data from an adult population 
will reflect a combination of phenotypes related to 
lifestyle, pathology, therapy and genetic factors that 
confer varying risks of dying at a particular age. Thus, 
we did not expect such a close fit (R2 = 0.881) as that 
observed when the mortality rates of our total cohort 
were transformed logarithmically and plotted against 
age. It was tempting to carry out a similar exercise 
in the treatment and non-treatment subgroups but 
small patient numbers and low mortality rates in the 
testosterone and PDE5I treated men prevented this. 
Greater patient numbers with higher event rates would 
have permitted a study of these subgroups. 

Using logistic regression to estimate probability of 
mortality for each individual patient allowed graphic 
demonstration of the impact of treatment on age, the 
most significant predictor of death. Whilst statin use 
and TRT did not show a statistically significant effect 
on the relationship between age and mortality, PDE5I 
treatment and combination (statin, TRT and PDE5I) 
treatment clearly did with no overlap of 95%CI. These 
results are compatible with studies showing that in T2DM 
patients, treatment with vardenafil results in improved 
endothelial parameters including flow-mediated dilation, 
interleukin-6 and testosterone levels[29] and indicate that 
a randomised controlled trial (RCT) is required for PDE5I 
and TRT in men with T2DM. It would be interesting 
if some of the large RCTs carried out showing statin-
associated reductions in all-cause mortality such as 4S 
were analysed to establish ways in which the relationship 
between age and mortality may have been altered.  

There are limitations to our study. The TRT arm was 
based on an intention to treat. The age of onset and 
duration of diabetes as well as exposure to statins and 
PDE5I were not documented. Data on the type of drug 
and dose was not completely recorded. We assumed 

that statin and PDE5I treatments were protocol driven. 
However, it is possible that patient selection, especially 
with PDE5I prescribing existed. It is believed however, 
that the principal reason for PDE5I prescribing is ED 
which has been established as a significant predictor of 
CVD and all-cause mortality. 

Despite their limitations, our findings are important. 
We showed that mortality rates in men with T2DM follow 
the pattern described by Gompertz. We confirmed that 
statin, TRT and PDE5I reduce mortality in this cohort 
and have described how they influenced the relationship 
between age and mortality. We believe that our approach 
of communicating the effectiveness of an intervention by 
determining the probability of mortality at different ages 
is easy to understand and could be used by clinicians to 
improve patient compliance and lead to clinical benefit.   

Our study examines the relationship between age 
and mortality in men with diabetes. Age was related to 
mortality in accordance with the Gompertz-Makeham law. 
We show that statin, TRT and PDE5I treatments impacted 
all-cause mortality and PDE5I treatment alone and in 
combination with statin and TRT significantly altered the 
relationship between age and mortality. 
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Abstract
AIM
To investigate the role of genetic variants of angiotensin 
converting enzyme (ACE) and angiotensinogen (AGT) 
genes in the antiproteinuric efficacy of ACE inhibitor 
therapy in diabetic nephropathy (DN) patients.
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METHODS
In the present study, 270 type 2 diabetes mellitus patients 
with nephropathy were enrolled and treated with ACE 
inhibitor (ramipril) and followed at 6 mo for renal function 
and albumin excretion by estimating serum creatinine, 
end stage renal disease, and albumin/creatinine ratio 
(ACR) in urine. Genotyping of ACE I/D and AGT M235T 
polymorphisms were performed by using primer sp
ecific polymerase chain reaction (PCR) and PCR-RFLP 
techniques, respectively. 

RESULTS
Forty-eight percent of DN patients (responders) benefited 
with respect to proteinuria from ACE inhibitor therapy at 6 
mo follow-up. A significant reduction in ACR was observed 
after 6 mo treatment with ACE inhibitor irrespective of 
whether DN patients were micro-albuminuric (≥ 30 and 
< 300 mg/g creatinine) or macro-albuminuric (≥ 300 
mg/g creatinine) at the time of enrollment. However, 
macro-albuminuric patients (55%) showed better res
ponse to therapy. A reduction in urinary ACR was found 
independent of genotypes of ACE I/D and AGT M235T 
polymorphisms although macro-albuminuric patients 
having TT genotype showed statistically insignificant in
creased response (72%). 

CONCLUSION
ACE inhibitor therapy reduced urinary ACR by ≥ 30% in 
50% of DN patients and the response is independent of 
ACE I/D and AGT M235T polymorphisms.

Key words: Diabetic nephropathy; Angiotensin converting 
enzyme inhibitor therapy; Renin-angiotensin-aldosterone 
system gene polymorphisms; Responder; Urinary albu
min/creatinine ratio; Albuminuria

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Angiotensin converting enzyme (ACE) inhibitors 
are used as standard therapy in patients with diabetic 
nephropathy (DN) and reported to have reno-protective 
effect in these patients; however, the response to 
ACE inhibitor therapy is not uniform in all patients. We 
investigated whether ACE I/D and angiotensinogen gene 
(AGT) M235T polymorphisms of genes of the renin-
angiotensin-aldosterone system are associated with 
variable response to ACE inhibitors in DN patients. ACE 
inhibitor treatment in DN patients caused a significant 
reduction in urinary protein excretion and was found 
independent of ACE I/D and AGT M235T polymorphisms.

Aggarwal N, Kare PK, Varshney P, Kalra OP, Madhu SV, Banerjee 
BD, Yadav A, Raizada A, Tripathi AK. Role of angiotensin 
converting enzyme and angiotensinogen gene polymorphisms in 
angiotensin converting enzyme inhibitor-mediated antiproteinuric 
action in type 2 diabetic nephropathy patients. World J Diabetes 
2017; 8(3): 112-119  Available from: URL: http://www.wjgnet.
com/1948-9358/full/v8/i3/112.htm  DOI: http://dx.doi.org/10.4239/
wjd.v8.i3.112

INTRODUCTION
Diabetic nephropathy (DN) is a clinical syndrome 
that occurs approximately in 20%-30% of patients 
with diabetes mellitus (DM). Nephropathy gradually 
progresses and makes the patient dependent on renal 
replacement therapy. DN patients clinically present 
with persistent micro-albuminuria (≥ 30 to 299 mg/g 
creatinine) which subsequently progresses to macro-
albuminuria (≥ 300 mg/g creatinine)[1]. Later severity 
of the disease is characterized by a fall in estimated 
glomerular filtration rate (eGFR) as a consequence of 
renal impairment, ultimately leading to end stage renal 
disease (ESRD)[2]. Various factors including poor glycemic 
control, family history of diabetes or hypertension may 
predispose to the development of DN; however; not all 
DM patients tend to develop nephropathy[3].

The renin-angiotensin-aldosterone system (RAAS), 
which plays an important role in regulating blood pressure, 
is involved in the pathophysiology of renal complications 
including DN. Polymorphisms of various genes of RAAS, 
particularly angiotensin converting enzyme (ACE) and 
angiotensinogen (AGT) genes, have been strongly 
implicated in the development and progression of 
nephropathy[4,5]. ACE is a zinc-dependent di-peptidase 
enzyme which catalyzes the conversion of inactive 
angiotensin (angiotensin-Ⅰ) to angiotensin-Ⅱ[6]. The 
ACE gene is located at the 17q23 locus and known to 
be associated with the pathogenesis of DN, including 
progression to overt proteinuria. The ACE gene is highly 
polymorphic in nature. Of the 160 polymorphisms kn
own, insertion/deletion (I/D) polymorphism is the most 
studied as it affects ACE enzyme activity in blood. I/D 
polymorphism involves the presence or absence of a 
287 bp Alu repeat in intron 16 of the gene. It has been 
observed that DD genotype is associated with higher ACE 
activity and II genotype is associated with the lowest ACE 
activity[7].

The AGT gene (rs 699) is located at chromosome 
1 and consists of five exons, and it has more than 23 
variants[8]. The common polymorphism of the AGT gene 
is M235T, which encodes threonine instead of methionine 
at position 235 in exon 2[9]. T allele of the M235T variant 
is associated with a higher plasma AGT level[10].

A number of drugs that block the RAAS  like ACE 
inhibitors and angiotensin receptor blockers (ARB) are 
often prescribed to control hypertension; in addition, 
these drugs are known to control proteinuria either 
alone or in combination in DN patients[11]. However, the 
reno-protective response to ACE inhibitor therapy is not 
uniform in all patients. The reasons behind the uneven 
antiproteinuric response to these drugs are not completely 
understood. The polymorphisms of genes of RAAS may be 
possibly involved in this process.

Despite several studies on association of ACE and 
AGT gene polymorphisms with ACE inhibitor treatment 
in type 2 DM (T2DM) patients with nephropathy, no 
substantial data are available on the role of ACE and AGT 
gene polymorphisms in antiproteinuric efficacy of ACE 
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inhibitors in the Indian context. In the present study, 
we examined the association of ACE and AGT gene 
polymorphisms with antiproteinuric response to ACE 
inhibitor therapy in north Indian type 2 diabetic patients 
with nephropathy. 

MATERIALS AND METHODS
Subjects
This study was designed as a single arm prospective 
longitudinal study to evaluate the antiproteinuric effect 
of ACE inhibitor therapy based on change in albumin/
creatinine ratio (ACR), with the baseline data serving 
as reference values (control). The required number of 
cases for 80% power at 5% type Ⅰ error in detecting a 
reduction of proteinuria to at least 30% of pretreatment 
value for a given odds ratio of 1.5 is 221, based on 
the frequency of mutant ACE gene allele in the Asian 
population as 40%[12]. In order to accommodate drop 
out during the course of the study, we recruited 270 
patients with T2DM having persistent microalbuminuria 
(30-300 mg/g creatinine) or overt albuminuria (> 300 
mg/g creatinine), of whom 18 could not complete the 
follow-up. The patients were enrolled from Department 
of Medicine, Diabetic and Nephrology Clinic at Guru 
Teg Bahadur Hospital, Delhi, India. Patients having an 
age between 30 to 65 years and a duration of diabetes 
≥ 5 years, with the evidence of diabetic retinopathy 
and stages 1 to 3 chronic kidney disease (CKD), were 
recruited. Patients intolerant to ACE inhibitors, pregnant 
or lactating women, patients taking aspirin or other 
non-steroidal anti-inflammatory drugs (NSAIDs) were 
excluded from the study. Diagnosis of DM was based 
upon the 2012 American Diabetes Association (ADA) 
guidelines. Patients having evidence of 1+ or more 
proteinuria by urinary dipstick test were included in 
the study. In addition, patients with dipstick negative 
proteinuria were screened by urinary dipstick for the 
presence of microalbumin. Patients with evidence of 
micro-albuminuria or overt proteinuria on two separate 
occasions at least 6 wk apart were included in the study 
and assessed for urinary ACR.

The study was approved by Institutional Ethics Com
mittee-Human Research (IEC-HR) of University College 
of Medical Sciences and written informed consent was 
obtained from all patients. All enrolled patients were 
under satisfactory glycemic control and were under well-
controlled blood pressure. The patients were followed 
after 6 mo of initiation of ACE inhibitor therapy. All were 
treated initially with ramipril 5 mg/d along with anti-
diabetic therapy. The dose was up-titrated to a maximum 
of 20 mg/d at one or two equally divided doses.

Clinical response assessment
The decrease in urinary ACR (ACR%) was calculated as 
(baseline value - follow-up value) × 100/baseline value.

Patients were classified as responders when they had 
a decrease in urinary ACR ≥ 30% or as non-responders 
when they had a decrease in urinary ACR > 30% at the 

end of 6 mo follow-up[13,14].

Measurement of biochemical parameters
Blood samples (5 mL) were collected for biochemical 
analysis and genotype study. Blood was centrifuged at 
1000 g for 15 min for serum separation. Serum samples 
were frozen at -80 ℃ until assayed. All parameters were 
determined within a month after sample collection. 
Morning spot urine samples were collected for urine 
albumin and urine creatinine tests.

The plasma glucose level was measured by glucose 
oxidase-peroxidase method and quantified spectro
photometrically at 500 nm. HbA1c was estimated by 
micro-column based technique and quantified spectro
photometrically at 500 nm. Total cholesterol (TC), serum 
sodium, potassium and hemoglobin were determined 
using routine clinical assays in hospital laboratory. Average 
of three blood pressure readings taken 15 min apart was 
calculated, and all patients underwent fundus examination 
for the detection of diabetic retinopathy.

Urine and serum creatinine levels were estimated by 
alkaline picrate Jaffe’s method (kinetic method). Urine 
albumin was measured by an immuno-turbidometric 
assay (Nephelometer, Nephstar) after calibration of the 
instrument by the standard provided. The minimum 
sensitivity is 10 mg/L. The result is expressed as ACR in 
terms of mg/g creatinine. 

Determination of genotypes
ACE I/D gene polymorphism: The ACE gene (rs 
4646994) I/D polymorphism was determined by poly
merase chain reaction (PCR) using a flanking primer pair 
that recognizes the insertion-specific sequence. The 25 
μL PCR reaction mixture contained 100 ng of genomic 
DNA and amplification buffer containing 20 mmol/L Tris 
(pH 8.3), 50 mmol/L KCl, 1.5 mmol/L MgCl2, 200 µmol/L 
of dNTPs, 10 pmol of each primer, and 1.0 U of Taq DNA 
polymerase (RBC, India). The DNA was amplified by 
cycling at 94 ℃ for 2 min, at 60 ℃ for 45 s, and at 72 ℃ 
for 2 min (Eppendorf PCR machine, Germany). After 
30 cycles, the reaction was extended for an additional 
8 min at 72 ℃. The oligonucleotide sequences of the 
primers were: 5’-CTGGAGACCACTCCCATCCTTTCT-3’ 
and 5’-GATGTGGCCATCACATTCGTCAGAT-3’. The 
PCR products were separated by 1.5% agarose gel 
electrophoresis, and a 490 bp band with insertion (I 
allele) and a 190 bp band with deletion (D allele) were 
visualized with ethidium bromide staining in the UVP Bio-
Documentation System.

AGT M235T gene polymorphism: The AGT gene (rs 
699) M235T polymorphism was determined by PCR-
restriction fragment length polymorphism (PCR-RFLP) 
assay. The 25 μL PCR reaction mixture contained 100 ng 
of genomic DNA and amplification buffer containing 20 
mmol/L Tris (pH 8.3), 50 mmol/L KCl, 1.5 mmol/L MgCl2, 
200 µmol/L of dNTPs, 10 pmol of each primer, and 1.0 U of 
Taq DNA polymerase (RBC, India). The DNA was amplified 
by cycling at 94 ℃ for 1 min, at 68 ℃ for 45 s, and at 72 ℃ 
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2. There was no significant change in blood urea, serum 
sodium, serum potassium, fasting plasma glucose, post 
prandial plasma glucose, systolic and diastolic blood 
pressure, hemoglobin or HbA1c level after follow-up. 
Also, the differences in serum creatinine and eGFR levels 
after treatment were not statistically significant. 

Antiproteinuric effect of ACE inhibitor therapy
The antiproteinuric effect of ACE inhibitor therapy was 
evaluated by urinary ACR values. Patients with a decrease 
of more than 30% in ACR values were considered as 
responders to ACE inhibitor treatment. ACR values of 
enrolled patients at baseline varied widely and ranged 
from 30 to 14573 mg/g creatinine. An overall significant 
decrease in ACR values was observed after ACE inhibitor 
treatment as compared to baseline values (Table 3). 
Taken together, 48% of enrolled patients were found as 
responders to ACE inhibitor therapy. Subsequently, based 
on the ACR, patients were grouped as micro-albuminuric 
(ACR ≥ 30 and ≤ 300 mg/g creatinine) and macro-
albuminuric (ACR > 300 mg/g creatinine). A significant 
decrease in ACR was observed in both the micro- and 
macro-albuminuric DN groups. In the micro-albuminuric 
DN group (n = 170), the percentage of responders was 
45% whereas in the macro-albuminuric group (n = 82), 
the percentage was 55% at 6 mo follow-up.

Distribution of genotypes of ACE and AGT genes
ACE I/D polymorphism was studied by sequence specific 
PCR method and AGT M235T polymorphism was studied 
by PCR-RFLP method. Genotype distribution and allele 
frequency for ACE and AGT genes are listed in Table 
4. Distribution of all genotypes was in Hardy-Weinberg 
equilibrium for all the subgroups of ACE and AGT genes. 
For ACE gene, the genotype frequency of II, ID, and DD 
was found to be 31%, 53% and 16%, respectively. For 
AGT gene, the genotype frequency of MM, MT, and TT 
was found to be 25%, 53% and 22%, respectively.

ACE and AGT polymorphisms and response to ACE 
inhibitor therapy
Table 5 shows the genotype distribution of DN patients 
based on the response to ACE inhibitor therapy. No 
significant change in the genotype distribution was 
observed among responders and non-responders with 
regard to ACE and AGT genes. When the patients were 
grouped as micro- and macro-albuminuric based on their 
ACR values (Table 6), no inter-genotype differences were 
observed in subgroups. However, macro-albuminuric 
patients carrying ACE I/D genotypes were responding 
in a better way to therapy compared with micro-al
buminuric patients. Seventy-two percent of macro-
albuminuric patients having TT genotype responded to 
therapy, although the difference was not statistically 
significant.

DISCUSSION
In the present study, we examined the antiproteinuric 

for 2 min (Eppendorf PCR machine, Germany). After 30 
cycles, the reaction was extended for an additional 10 min 
at 72 ℃. The oligonucleotide sequences of the primers 
were: 5’-CCGTTTGTGCAGGGCCTGGCTCTCT-3’ and 
5’-CAGGGTGCTGTCCACACTGGACCCC-3’.

The PCR product was digested with restriction enzyme 
Tth111 I (Fermentas) to identify the M/T polymorphism 
at 37 ℃ for 16 h. Digested DNA fragment products were 
separated by 2% agarose gel electrophoresis and visualized 
by ethidium bromide staining. The presence of an uncut 
165 bp band indicated homozygous MM genotype, 141 bp 
and 24 bp bands indicated TT homozygous genotype, and 
165 bp, 141 bp and 24 bands indicated MT heterozygous 
genotype.

Statistical analysis
The statistical methods of this study were reviewed by 
Department of Biostatistics, UCMS and GTB Hospital, 
Delhi, India. Data of all the parameters were collected 
at enrollment and at 6 mo after ramipril treatment. 
Analyses of obtained data were performed by using 
SPSS, version 20.0. P-values < 0.05 were considered 
significant. χ 2 test was applied to compare genotype 
data of ACE and AGT genes in all groups. For biochemical 
parameters, paired student’s t-test was applied to 
compare the baseline values with the values obtained at 
6 mo. ACR values follows the skewed distribution, hence 
we applied non-parametric method (Wilcoxon-signed 
rank test) to compare the baseline ACR values with the 
values obtained at 6 mo.

RESULTS
Demographic and biochemical data at baseline and at 6 
mo after ACE inhibitor therapy
The demographic and biochemical data are listed in 
Tables 1 and 2. The age of the patients ranged from 
30 to 60 years. The duration of diabetes ranged from 5 
years to 20 years and mean duration of diabetes was 
8.31 years. Approximately 39% of enrolled patients had 
a family history of diabetes and 23% had a family history 
of hypertension. Biochemical data before treatment and 
after 6 mo of treatment with ramipril are listed in Table 

Table 1  Demographic and clinical characteristics of patients

Parameter Type 2 diabetes mellitus 
with nephropathy

Number of patients (n) 270
Gender (male/female) 128/142
Age (yr) 52.23 ± 6.011

Duration of diabetes (yr)   8.31 ± 3.091

Family history of diabetes (yes/no) 105/165
Family history of hypertension (yes/no)   63/207
Medications
  Insulin (yes/no) 115/155
  Metformin (yes/no) 153/117
  Glimiperide (yes/no) 129/141

1Data are presented as mean ± SD.
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effect of ACE inhibitor (ramipril) in DN patients by fo
llowing urinary ACR. ACE inhibitors are commonly 
used for inhibition of the RAAS and are known to have 
renoprotective efficacy in both diabetic and non-dia
betic kidney diseases[15] and antiproteinuric efficacy of 
ACE inhibitors are more pronounced than any other 
antihypertensive drugs[16]. However, there are variable 
responses regarding antiproteinuric efficacy of RAAS 
blockers among patients and a 20%-80% reduction was 
observed[17]. In the present study, overall we observed a 
36% reduction in ACR values and about 48% of patients 
responded to therapy. Our finding is in accordance with 
previous studies showing overall decrease in albumin 
excretion after treatment with ACE inhibitor[13,18-20]. 
According to the NKF KDOQI guidelines[14], ACE inhibitors 

reduced protein excretion by approximately 35% to 40%, 
which is greater than other antihypertensive agents when 
the effect of blood pressure has been taken into account. 
Hence, in the present study patients with an ACR ch
ange ≥ 30% were considered as responders to ACE 
inhibitor therapy. When subdividing our study subjects 
as micro- and macro-albuminuric, it was observed that 
55% of patients with macro-albuminuria responded 
in a better way to ACE inhibitor therapy. Earlier anti-
proteinuric effect of ACE inhibitor has been shown to be 
more pronounced in macro-albuminuric patients[21,22]. 
The mechanism leading to the antiproteinuric effect of 
ACE inhibitors has not been elucidated fully. However, it 
is thought that ACE inhibitors cause efferent arteriolar 
vasodilation of glomerulus and thereby decrease the 
intraglomerular hypertension, leading to anti-proteinuric 
effect[23]. Recently it has been shown that ACE inhibitors 
ameliorate the glomerular membrane size-selective 
dysfunction, thus resulting in anti-proteinuric effect[24].

In order to find out the reason behind differential 
responses to ACE inhibitor therapy in DN patients, we 
studied the polymorphisms of ACE and AGT genes as 
these polymorphisms are strongly associated with the 
progression of DN. The genotype distribution of ACE 
gene observed in our study subjects is in line with most 
of the previous studies on the Indian population[25,26]. 

In the present study, the percentage of responders 
did not differ significantly with regard to ACE I/D geno
types, indicating that the antiproteinuric effect of ACE 
inhibitors is independent of ACE genotype. Similarly, the 
finding that the anti-proteinuric effect of ACE inhibitors 
is independent of ACE genotypes has been reported by 

Table 2  Biochemical parameters before and after treatment with angiotensin converting enzyme inhibitor

Parameter Baseline1 6 mo1,2 P -value

No. of patients n  = 252 n = 252
Blood urea (mmol/L)     2.22 ± 0.86       2.01 ± 0.77   0.661
Serum creatinine (µmol/L) 95.47-30 99-28.28   0.068
Serum sodium (mmol/L) 139.47 ± 4.11   135.14 ± 3.88   0.512
Serum potassium (mmol/L)     4.32 ± 0.65       4.30 ± 0.52   0.141
eGFR (MDRD) mL/min per 1.73 m2     73.65 ± 24.71       68.90 ± 24.44   0.081
eGFR (EPI) mL/min per 1.73 m2   73.40 ± 22.8       70.56 ± 21.30 0.07
Fasting plasma glucose (mmol/L)     7.63 ± 0.60     6.693 ± 0.81 0.08
Post-prandial plasma glucose (mmol/L)   10.33 ± 1.62     8.52 ± 1.3   0.076
HbA1c (%)     6.52 ± 1.71         6.1 ± 1.14 0.06
Hemoglobin (g/L) 123.8 ± 23  111.2 ± 31 0.65
Systolic blood pressure (mmHg)    132.30 ± 13.67     130.12 ± 10.46 0.71
Diastolic blood pressure (mmHg)      86.10 ± 10.03     84.07 ± 8.32 0.68

1Data are presented as mean ± SD; 2P > 0.05. HbA1c: Hemoglobin A1c; eGFR: Estimated glomerular filtration rate.

Table 3  Responders and non-responders before and after treatment with angiotensin converting enzyme inhibitor therapy

Patients Urinary ACR at baseline1 Urinary ACR at 6 mo P-value R2 (%) NR (%)

Overall (n = 252) 185.97 (55.66-222.20) 118.64 (96.24-146.26) < 0.001     121     131
Micro-albumin (n = 170)   78.79 (71.30-87.07)   53.67 (44.46-64.79) < 0.001       76       94
Macro-albumin (n = 82) 1068.7 (879.62–1298.28) 596.45 (451.60-787.68) < 0.001       45       37

1Median (IQR); 2A decline of > 30% in ACR value at 6 mo is considered as R. R: Responders; NR: Non-responders; ACR: Albumin/creatinine ratio.

Table 4  Genotype distributions and allele frequency for angio
tensin converting enzyme and angiotensinogen gene poly
morphisms

Gene n  = 252 Genotype/allele Percentage (%)

ACE (I/D) Genotypic 
frequency

II 31
ID 53
DD 16

Allele 
frequency

I 57
D 43

AGT (M235T) Genotypic 
frequency

MM 25
MT 53
TT 22

Allele 
frequency

M 51
T 49

ACE: Angiotensin converting enzyme; AGT: Angiotensinogen.
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several authors[14,27,28]. So et al[29] have reported that 
ACE Ⅱ genotype with a cumulative genetic risk score of 
< 1 in normoalbuminuricT2DM patients, is coupled with 
better response to ACE inhibitors, although no significant 
difference was found in renoprotective effect of ACE 
inhibitor therapy based on ACE I/D genotypes after 3 years 
of follow-up. The antiproteinuric effect of RAAS inhibitors 
in patients with macro-albuminuria is also found to be 
independent of ACE I/D genotypes[30]. However, there are 
a number of controversies about the association of ACE I/D 
genotypes with the therapeutic efficacy of ACE inhibitors. 
In Korean and Caucasian patients, DD genotype has been 
shown to be more responsive to ACE inhibitor therapy[31,32]. 
However, Japanese, European and Caucasian DN patients 
carrying II allele exhibit better reno-protection to ACE 
inhibitor therapy[33-35].

Another important gene of the RAAS is AGT, and 
M235T polymorphism influences the risk of nephropathy 
in T2DM patients[36,37]. Frequencies of M/T genotypes of 
the AGT gene in our study are similar to those reported 
by several other studies in different populations[36,38-41]. 
We observed that the percentage of responders did not 
differ significantly in different genotypes of the AGT gene, 
as compared to non-responders. This indicates that the 
antiproteinuric effect of ACE inhibitors is independent 
of genotypes of the AGT gene. When patients were 
subdivided as micro- and macro-albuminuric, we ob
served that macro-albuminuric patients carrying TT 
genotype showed better antiproteinuric response to ACE 
inhibitor therapy, although the result was not statistically 
significant. No significant reports are available on AGT 
M235T gene polymorphism and antiproteinuric response 

to ACE inhibitor therapy. Similar to our finding, reports by 
several authors failed to show any significant association 
between AGT polymorphism and diabetic chronic kidney 
disease[40,41]. Also no association was reported between 
AGT M235T genotypes and reduction in albumin excretion 
after ACE inhibitor treatment[29]. However, Narita et al[41] 
concludes that the therapeutic efficacy of ACE inhibitors or 
ARBs is influenced by AGT M235T genotypes in patients 
with IgA nephropathy.

Our study has several limitations. Patients were given 
different doses of ramipril as per their requirement of 
dose titration. In addition, short duration of follow-up 
period as well as heterogeneity in gender may also have 
hindered the significant association of ACE I/D or AGT 
M235T genotypes.

In conclusion, ACE inhibitor treatment in DN patients 
appears to cause a significant reduction in urinary protein 
excretion and macro-albuminuric patients exhibit better 
response. The antiproteinuric effect of ACE inhibitor 
therapy in patients is independent of ACE I/D and AGT 
M235T genotypes. Long term follow-up of larger po
pulations with ACE inhibitor therapy may validate the 
present findings.

COMMENTS
Background
Angiotensin converting enzyme (ACE) inhibitors are the standard therapy for 
patients with hypertension, proteinuria and kidney diseases. The use of ACE 
inhibitors delays the progression of diabetic and non-diabetic kidney diseases. 
Various polymorphisms of the renin-angiotensin-aldosterone system (RAAS) 
have been implicated in the pathology of diabetic nephropathy. Of these, 

Table 5  Genotypic distribution of responders and non-responders

Gene Genotype No. of patients (n  = 252) At 6 mo follow-up P -value1

R (%) (n  = 121) NR (%) (n  = 131)

ACE (I/D) II 78 38 (49) 40 (51) 0.893
ID 133 62 (47) 71 (53)
DD 41 21 (51) 20 (49)

AGT (M235T) MM 61 34 (56) 27 (44) 0.369
MT 134 59 (44) 75 (56)
TT 57 28 (49) 29 (51)

1P > 0.05: Comparison between R or NR. ACE: Angiotensin converting enzyme; AGT: Angiotensinogen; R: Responders; NR: Non-responders.

Table 6  Genotypic distribution of responders and non-responders having micro-/ macro-albuminuria

Gene Genotype (n  = 252) Micro-albuminuric group (n  = 170) Macro-albuminuric group (n  = 82)

R (%) (n  = 76) NR (%) (n  = 94) P -value1 Rc (%) (n  = 45) NR (%) (n  = 37) P -value2

ACE (I/D) II 23 (45) 28 (55) 0.974 15 (56) 12 (44) 0.636
ID 42 (44) 53 (56) 20 (53) 18 (47)
DD 11 (49) 13 (54) 10 (59) 7 (41)

AGT (M235T) MM 25 (60) 17 (40) 0.11 9 (47) 10 (53) 0.201
MT 36 (40) 53 (60) 23 (51) 22 (49)
TT 15 (38) 24 (62) 13 (72) 5 (28)

1P > 0.05: Comparison between responders and non-responders to therapy in micro-albuminuric group; 2P > 0.05: Comparison between responders 
and non-responders to therapy in macro-albuminuric group. ACE: Angiotensin converting enzyme; AGT: Angiotensinogen; R: Responders; NR: Non-
responders.
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polymorphism of the ACE gene is the most important. The current study was 
designed to evaluate the therapeutic efficacy of ACE inhibitor in terms of 
proteinuria and the role of ACE and AGT gene polymorphisms in ACE inhibitor-
mediated antiproteinuric response in diabetic nephropathy patients.

Research frontiers
Patients on ACE inhibitor therapy have improved proteinuria. In this study, the 
authors observed that ACE and AGT gene polymorphisms do not have any role 
in reducing albuminuria in patients with diabetic nephropathy.

Innovations and breakthroughs
The literature suggests a mixed role of ACE gene polymorphisms in reno
protective action in diabetic patients. However, the present study suggests 
no role of ACE I/D and AGT M235T gene polymorphisms in modulating the 
renoprotective efficacy of ACE inhibitors in terms of reducing albuminuria in 
diabetic nephropathy patients.

Applications
The authors’ study provides additional evidence supporting the therapeutic role 
of ACE inhibitors in reducing albuminuria. They conclude that genotypes of 
various genes of RAAS are not responsible for non-uniform response to ACE 
inhibitors in DN patients. 

Terminology
Diabetic nephropathy: It is the damage to kidneys due to diabetes; Polymorphism: 
The presence of genetic variation within a population.

Peer-review
This is a good paper.
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