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Abstract
Insulin resistance is associated with subclinical vascular disease that is not
justified by conventional cardiovascular risk factors, such as smoking or
hypercholesterolemia. Vascular injury associated to insulin resistance involves
functional and structural damage to the arterial wall that includes impaired
vasodilation in response to chemical mediators, reduced distensibility of the
arterial wall (arterial stiffness), vascular calcification, and increased thickness of
the arterial wall. Vascular dysfunction associated to insulin resistance is present
in asymptomatic subjects and predisposes to cardiovascular diseases, such as
heart failure, ischemic heart disease, stroke, and peripheral vascular disease.
Structural and functional vascular disease associated to insulin resistance is
highly predictive of cardiovascular morbidity and mortality. Its pathogenic
mechanisms remain undefined. Prospective studies have demonstrated that
animal protein consumption increases the risk of developing cardiovascular
disease and predisposes to type 2 diabetes (T2D) whereas vegetable protein
intake has the opposite effect. Vascular disease linked to insulin resistance begins
to occur early in life. Children and adolescents with insulin resistance show an
injured arterial system compared with youth free of insulin resistance, suggesting
that insulin resistance plays a crucial role in the development of initial vascular
damage. Prevention of the vascular dysfunction related to insulin resistance
should begin early in life. Before the clinical onset of T2D, asymptomatic subjects
endure a long period of time characterized by insulin resistance. Latent vascular
dysfunction begins to develop during this phase, so that patients with T2D are at
increased cardiovascular risk long before the diagnosis of the disease.
Key words: Diabetes; Cardiovascular risk; Arterial stiffness; Arterial elasticity; Intimamedia thickness; Vascular calcification; Insulin resistance; Animal protein; Vegetable
protein
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Core tip: Vascular injury associated to insulin resistance includes impaired vasodilation
in response to chemical mediators, reduced distensibility of the arterial wall (arterial
stiffness), vascular calcification, and increased thickness of the arterial wall. Vascular
dysfunction associated to insulin resistance is present in asymptomatic subjects and
predisposes to cardiovascular diseases, such as heart failure, ischemic heart disease,
stroke, and peripheral vascular disease. Structural and functional vascular disease
associated to insulin resistance is highly predictive of cardiovascular morbidity and
mortality.
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INTRODUCTION
Cardiovascular disease is a major cause of morbidity and mortality particularly in
patients with diabetes. Cardiovascular risk in this population group begins decades
prior the clinical diagnosis of the disease and is not fully explained by traditional risk
factors such as hypercholesterolemia and smoking. Multiple investigations provide
compelling evidence of an association between insulin resistance by itself and
cardiovascular risk in the general population and patients with diabetes. More
insulin-resistant subjects endure higher cardiovascular risk compared to those who
are more insulin-sensitive[1]. A causative link between insulin resistance by itself and
vascular disease is very likely to exist, but the pathogenic mechanisms that explain the
vascular dysfunction related to insulin resistance remain elusive. There is conclusive
evidence that dietary habits that include animal protein increase the risk of type 2
diabetes (T2D) and cardiovascular disease whereas dietary patterns with elevated
content of vegetable protein reduce the risk of both disorders[2]. Population groups
that change their dietary routine to augment animal protein intake experience a
dramatic increase in the rate of T2D and cardiovascular events[3]. Animal protein
consumption activates glucagon secretion. Glucagon is the primary hormone that
opposes insulin action. Animal protein ingestion may predispose to T2D and
cardiovascular events by intensifying insulin resistance via glucagon secretion (Figure
1)[4].
Asymptomatic individuals with insulin resistance experience striking vascular
damage that is not justified by traditional cardiovascular risk factors, such as
hypercholesterolemia or smoking. Vascular injury related to insulin resistance
develops progressively in asymptomatic subjects during a period of time that may
begin during childhood. A long phase of insulin resistance and latent vascular injury
precedes the clinical onset of T2D increasing cardiovascular risk before the diagnosis
of the disease[5-7]. Accordingly, subclinical vascular dysfunction is evident in patients
with screen-detected T2D [8] . Vascular damage associated with insulin resistance
includes functional and structural vascular injury, such as impaired vasodilation, loss
of elasticity of the arterial wall (arterial stiffness), increased intima-media thickness of
the arterial wall, and vascular calcification. (Figure 2) The presence of subclinical
vascular disease associated with insulin resistance is highly predictive of future
cardiovascular events[9-12].

INSULIN RESISTANCE IS INDEPENDENTLY ASSOCIATED
WITH SUBCLINICAL IMPAIRMENT OF VASCULAR
REACTIVITY
Vascular smooth muscle cells normally undergo contraction or relaxation to regulate
the magnitude of the blood flow according to physiological conditions. Normal
endothelial cells generate vasoactive substances that modulate the reactivity of
vascular smooth muscle cells. Among them, nitric oxide is a short-lived gas that
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Figure 1

Figure 1 A simplified proposed mechanism underlying vascular disease associated with insulin resistance.

induces vasodilation. Acetylcholine is an endogenous transmitter that activates
endothelial nitric oxide production by acting on muscarinic receptors. Acetylcholine
induces endothelium-dependent vasodilation while exogenous sources of nitric oxide
(such as nitroglycerin and sodium nitroprusside) induce endothelium-independent
vasodilation. In response to increased blood flow, vascular smooth muscle cells
normally relax to produce vasodilation and accommodate the elevated blood flow.
Flow-mediated vasodilation is attributed to nitric oxide release by endothelial cells.
The degree of flow-mediated vasodilation is considered a measure of endotheliumdependent vasodilation and can be determined by ultrasonography performed at the
brachial artery[13-15].
A number of investigations show that insulin resistance is independently
associated with blunted flow-mediated arterial vasodilation in asymptomatic healthy
individuals compared to control subjects[5,16,17].
Similarly, insulin resistance is associated with limited vasodilation in response to
metacholine chloride, a muscarinic agent. The increment in blood flow in response to
metacholine is lower in insulin-resistant subjects compared to insulin-sensitive
controls[18].
Likewise, arterial response to exogenous sources of nitric oxide, such as
nitroglycerin, sodium nitroprusside, and nitrates is impaired in subjects with insulin
resistance compared to control subjects[10,16,18].
Similarly to healthy subjects, flow-mediated vasodilation is defective in nondiabetic
patients with coronary heart disease, compared to control subjects. On multivariate
analysis, the extent of flow-mediated vasodilation is correlated with serum highdensity lipoprotein (HDL)-c, but not with low-density lipoprotein (LDL)-c or total
cholesterol levels[10].
Impairment of flow-mediated vasodilation associated with insulin resistance is
already apparent in childhood. Obese children show impaired arterial vasodilation
compared to control children. Further, regular exercise over 6 mo restores abnormal
vascular dysfunction in obese children. The improvement in flow-mediated
vasodilation after 6-mo exercise program correlates with enhanced insulin sensitivity,
reflected by reduced body mass index (BMI), waist-to-hip ratio, systolic blood
pressure, fasting insulin, triglycerides, and LDL/HDL ratio[19].
In normal weight and overweight adolescents, there is a gradual deterioration of
flow-mediated vasodilation with worsening of insulin resistance evaluated by the
euglycemic hyperinsulinemic clamp[20].

INSULIN RESISTANCE IS INDEPENDENTLY ASSOCIATED
WITH SUBCLINICAL ARTERIAL STIFFNESS
Loss of distensibility of the arterial wall (arterial stiffness) leads to elevated systolic
blood pressure and consequently increases cardiac afterload resulting in left
ventricular hypertrophy that contributes to the development of congestive heart
failure. In addition, arterial stiffness leads to reduced diastolic blood pressure, which
may deteriorate diastolic coronary blood flow contributing to ischemic heart
disease [21,22] (Figure 3). Arterial stiffness is associated with wide pulse pressure
(systolic blood pressure minus diastolic blood pressure)[7,23].
Parameters that estimate arterial stiffness include blood pressure, pulse pressure,
pulse-wave velocity, augmentation index, coefficients of distensibility and
compliance, and the Young’s elastic modulus, which includes intima-media thickness
and estimates arterial stiffness controlling for arterial wall thickness[6]. Pulse-wave
velocity is the speed of the pressure wave generated by left ventricular contraction.
Arterial stiffness impairs the ability of the arterial wall to cushion the pressure wave
and increases pulse-wave velocity [21] . Augmentation is the pressure difference
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Figure 2

Figure 2 Pathophysiological changes associated with insulin resistance-mediated vascular disease.

between the second and first systolic peaks of the central arterial pressure waveform.
Increased augmentation reflects arterial stiffness[24,25]. The augmentation index has
been defined as augmentation divided by pulse pressure, being a measure of
peripheral wave reflection. A higher augmentation index reflects increased arterial
stiffness[26,27].
Age is consistently associated with arterial stiffness, but the loss of arterial elasticity
related with age is not justified by conventional cardiovascular risk factors. Insulin
resistance becomes deeper with age and may be a major pathophysiological
determinant of arterial stiffness in the elderly population[12,28,29].
Numerous investigations document an association between insulin resistance and
subclinical arterial stiffness in nondiabetic individuals across all ages. Arterial
stiffness related to insulin resistance begins early in life and progresses in
asymptomatic subjects during a latent period of time before the diagnosis of
cardiovascular disease. Subclinical arterial stiffness associated with insulin resistance
strongly predicts future cardiovascular events. Conventional cardiovascular risk
factors do not explain the loss of arterial elasticity related to insulin resistance[7,22].
Arterial stiffness is apparent in asymptomatic subjects with insulin resistance
ascertained either by its clinical expression, the metabolic syndrome, or by estimates
of insulin sensitivity.

Estimates of insulin resistance are associated with subclinical arterial stiffness
In a variety of population groups, insulin resistance identified by different estimates is
consistently associated with measures of arterial stiffness independently of classic
cardiovascular risk factors (Table 1).
The Atherosclerosis Risk in Communities study is a prospective population-based
trial with African American and Caucasian participants. A cross-sectional analysis
showed an independent association between insulin resistance (assessed by glucose
tolerance tests) and arterial stiffness. Subjects with insulin resistance had stiffer
arteries compared to those with normal glucose tolerance after adjustment for
confounding factors[6].
Similarly, insulin resistance (glucose tolerance tests) in individuals from the general
population was independently associated with arterial stiffness estimated by
distensibility and compliance of the carotid, femoral and brachial arteries, compared
to normal glucose tolerance. Arterial stiffness worsened with deteriorating glucose
tolerance[22].
Comparable findings were obtained in healthy Chinese subjects. Insulin resistance
(impaired glucose tolerance) was independently associated with arterial stiffness
(estimated by brachial-ankle pulse-wave velocity) compared to normal glucose
tolerance. Normoglycemic subjects with altered glucose metabolism have increased
arterial stiffness[30].
Likewise, arterial stiffness (brachial artery pulse-wave velocity) is positively
correlated with postprandial glucose and negatively correlated with plasma
adiponectin level, suggesting that arterial stiffness is greater in patients with insulin
resistance compared to those with normal glucose tolerance[17].
Assessment of insulin resistance with the euglycemic hyperinsulinemic clamp is
also independently associated with subclinical arterial stiffness of the common carotid
and femoral arteries evaluated by pulse-wave velocity in asymptomatic healthy
adults[21]. In patients with hypertension, insulin resistance (glucose tolerance tests) is
independently associated with arterial stiffness (carotid-femoral pulse-wave velocity
and pulse pressure) as well[31,32].
Several studies document an association between insulin resistance evaluated by
the homeostasis model assessment (HOMA) index and arterial stiffness in
asymptomatic individuals from different population groups. In healthy subjects and
in Korean post-menopausal women, insulin resistance is independently associated
with increased arterial stiffness (evaluated by brachial-ankle, aortic and peripheral
pulse-wave velocity). Arterial stiffness increases sequentially with the degree of
insulin resistance [ 3 3 , 3 4 ] . Analogous findings are observed in normotensive
normoglycemic first-degree relatives of patients with diabetes. Arterial stiffness
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Figure 3

Figure 3 Cardiovascular disease associated to arterial stiffness.

(carotid-femoral pulse-wave velocity) is increased in the relatives with insulin
resistance compared to those more insulin-sensitive[35]. Insulin resistance and arterial
stiffness (augmentation index and pulse-wave velocity) were compared in Indigenous
Australians (a population group with elevated rate of T2D) and European
Australians. The Indigenous population group had higher HOMA-IR values and
increased arterial stiffness compared to their European counterparts, suggesting that
intensified insulin resistance among Indigenous participants contributes to explain
increased arterial stiffness in this group[4].
Subclinical arterial stiffness is already present in children and adolescents with
insulin resistance, compared to insulin-sensitive control subjects. In healthy children
and adolescents from the general population of different countries, insulin resistance
(HOMA-IR values) is independently associated with increased arterial stiffness
evaluated by carotid-femoral pulse-wave velocity or brachial artery distensibility
compared to control subjects[11,36,37]. In obese children and adolescents, a profound
independent effect of insulin resistance on vascular compliance has been observed.
Insulin-resistant subjects (HOMA-IR) experience increased vascular stiffness (aortic
pulse-wave velocity) compared to control individuals[38-40]. In normal weight and
overweight adolescents, insulin resistance assessed by euglycemic hyperinsulinemic
clamp is associated with higher augmentation index, indicating that insulin resistance
in adolescents is related to increased arterial stiffness[20].

Clinical manifestations of insulin resistance are associated with subclinical arterial
stiffness
The metabolic syndrome is a cluster of clinical features that reflects insulin resistance,
including obesity, systolic hypertension, dyslipemia (hypertriglyceridemia and low
HDL-c), and hyperinsulinemia. The metabolic syndrome and its individual
components have been independently associated with arterial stiffness. Patients with
any clinical expression of insulin resistance experience subclinical arterial stiffness
that is not explained by conventional cardiovascular risk factors. Arterial stiffness has
been considered a further clinical manifestation of insulin resistance[7] (Table 2).
The metabolic syndrome is associated with arterial stiffness: The longitudinal
association between the metabolic syndrome and arterial stiffness was investigated in
the Cardiovascular Health Study. Metabolic syndrome at baseline (obesity, systolic
hypertension, hyperinsulinemia and hypertriglyceridemia) independently predicted
increased arterial stiffness (aortic pulse-wave velocity) at follow-up[28].
In the Atherosclerosis Risk in Communities study, the joint effect of elevated
glucose, hyperinsulinemia and hypertriglyceridemia (reflecting insulin resistance) is
independently associated with arterial stiffness in subjects from the general
population[6]. Similarly, the clustering of at least three components of the metabolic
syndrome is related with increased carotid artery stiffness among healthy participants
across all age groups in the Baltimore Longitudinal Study on Aging independently of
other cardiovascular risk factors[41].
Likewise, the metabolic syndrome is strongly and independently associated with
reduced distensibility of the common carotid artery in healthy women from the
general population[9]. In 12517 subjects with no history of cardiovascular disease,
systolic hypertension, obesity, hypertriglyceridemia, and hyperuricemia are
independent determinants for arterial stiffness (brachial-ankle pulse-wave velocity)
on multiple regression analysis[29]. Arterial stiffness (augmentation index and pulsewave velocity) was compared in Indigenous and European Australians. Factor
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Table 1 Studies that find an independent association between insulin resistance and subclinical arterial stiffness unexplained by classic
cardiovascular risk factors
Ref.

Population group

Insulin resistance

Arterial stiffness

Salomaa et al[6]

African American and Caucasian

IGT

Arterial compliance, Young’s elastic modulus

Henry et al[22]

General population

IGT

Arterial compliance

Shin et al[30]

Healthy Chinese subjects

IGT

Brachial-ankle PWV

Liye et al[17]

IGT versus normal glucose tolerance

IGT, serum adiponectin levels

Brachial artery PWV
Carotid-femoral PWV

[21]

Giltay et al

Healthy subjects

Hyperinsulinemic euglycemic clamp

Vyssoulis et al[32]

Patients with hypertension

IGT

Carotid-femoral PWV

Sengstock et al[31]

Patients with hypertension

Frequently sampled IV tolerance test

Aortic PWV, pulse pressure

Kasayama et al[33]

Healthy adults

HOMA

Brachial-ankle PWV

Park et al

[34]

Postmenopausal women

HOMA-IR

Aortic and peripheral PWV

Maple-Brown et al[4]

Indigenous Australians

HOMA-IR

Augmentation index

Family history of diabetes

HOMA-IR

Carotid-femoral PWV

Sakuragi et al[36]

Prepubescent children

HOMA-IR

Carotid-femoral PWV

Whincup et al[11]

British children

HOMA-IR

Brachial artery distensibility

Gungor et al[38]

Children and adolescents

HOMA-IR

Aortic PWV

Iannuzzi et al[39]

Children and adolescents

HOMA-IR

Aortic PWV

Adolescents

Hyperinsulinemic euglycemic clamp

Augmentation index

Scuteri et al[35]

[20]

Tomsa et al

IGT: Impaired glucose tolerance; PWV: Pulse-wave velocity; HOMA: Homeostasis model assessment; HOMA-IR: Homeostasis model assessment-insulin
resistance.

analysis revealed that metabolic syndrome components clustered with Indigenous
Australian participants. Arterial stiffness was more pronounced among Indigenous
compared to European Australians[4].
Subclinical arterial stiffness is already present in children and adolescents with the
metabolic syndrome, suggesting that insulin resistance plays an important role in the
early pathogenesis of vascular disease. British and Chinese children and adolescents
with the metabolic syndrome have increased arterial stiffness compared to control
children after adjustment for covariates. There is a strong graded inverse relationship
between the number of metabolic syndrome components and brachial artery
distensibility [11,37] . In obese children, common carotid artery stiffness is more
prominent in the group with the metabolic syndrome compared to the control
group[42]. Normoglycemic young adults (mean age 20 years) with a positive family
history of T2D have higher BMI and fasting insulin and increased arterial stiffness
(aortic pulse-wave velocity) than their counterparts without T2D relatives[43]. The
longitudinal relationship between the metabolic syndrome identified in childhood
and arterial elasticity assessed in adulthood was investigated in a prospective
population-based cohort study with 21 years of follow-up, the Cardiovascular Risk in
Young Finns Study. Childhood metabolic syndrome (obesity, systolic hypertension,
hypertriglyceridemia and hyperinsulinemia) predicts independently carotid artery
stiffness in adulthood[44].
Obesity is associated with arterial stiffness: Longitudinal and cross-sectional studies
consistently show that measures of adiposity (BMI, waist circumference, waist-to-hip
ratio, body fat, and abdominal fat) are independently associated with estimates of
arterial stiffness in diverse population groups. This association is already apparent
during childhood and cannot be explained by traditional cardiovascular risk factors.
In a population-based setting, adulthood obesity (BMI and waist-to-hip ratio) is
associated with increased stiffness of carotid, femoral, and brachial arteries after
adjusting for cardiovascular risk factors. Arterial distensibility consistently decreased
with higher BMI [ 9 , 4 5 ] . Similarly, obesity (BMI and waist circumference) is
independently related to increased arterial stiffness (augmentation index) in
Indigenous Australians free of T2D compared to European Australians[46]. In female
twins, abdominal adiposity is a determinant of arterial stiffness (augmentation index)
independent of genetic effects and other confounding factors[47].
The association between adiposity parameters and increased arterial stiffness
begins during childhood. In obese children, there is a marked effect of insulin
resistance associated with obesity on vascular compliance. Obese children are more
insulin-resistant and have stiffer arteries compared with lean controls [39,40] . In a
population-based setting, childhood obesity (BMI and waist circumference) is
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Table 2 Studies that find an independent association between the clinical expression of insulin resistance and subclinical arterial
stiffness unexplained by classic cardiovascular risk factors
Ref.

Population group

Insulin resistance

Arterial stiffness

Mackey et al[28]

Elderly

Metabolic syndrome

Aortic pulse-wave velocity

Salomaa et al[6]

General population

Metabolic syndrome

Arterial compliance, Young’s elastic modulus

Scuteri et al[41]

Healthy subjects

Metabolic syndrome

Carotid artery stiffness

Women

Metabolic syndrome

Carotid artery stiffness

Hyperinsulinemia

[9]

Van-Popele et al

Obesity
Dyslipemia
Tomiyama et al[29]

Healthy subjects

Metabolic syndrome

Brachial-ankle pulse-wave velocity

Systolic hypertension
Maple-Brown et al[4]
Whincup et al[11]

Indigenous versus European Australians

Metabolic syndrome

Augmentation index, pulse-wave velocity

British children

Metabolic syndrome

Brachial artery distensibility

Obesity
Hyperinsulinemia
Xi et al[37]
Ianuzzi et al[42]
[43]

Hopkins et al

Juonala et al[44]

Chinese children

Metabolic syndrome

Brachial artery distensibility

Obese children

Metabolic syndrome

Carotid artery stiffness

Relatives of patients with type 2 diabetes

Metabolic syndrome

Aortic pulse-wave velocity

Children

Metabolic syndrome

Carotid artery stiffness

Hyperinsulinemia
Zebekakis et al[45]
Maple-Brown et al[46]
Greenfield et al[47]
Sakuragi et al[35]

General population

Obesity

Carotid, femoral, and brachial arteries stiffness

Indigenous versus European Australians

Obesity

Augmentation index

Female twins

Abdominal obesity

Augmentation index

Children

Obesity

Brachial artery distensibility

Dyslipemia
Hyperinsulinemia
Gungor et al[38]

Adolescents and young adults

Obesity

Jourdan et al[47]

Aortic pulse-wave velocity

Dyslipemia

Urbina et al[49]
Kappus et al[50]
Wildman et al[51]

Young and older adults

[39]

Iannuzzi et al

Obesity

Aortic pulse-wave velocity

Systolic hypertension

Aortic pulse-wave velocity

Kasayama et al[33]

Dyslipemia

Ceceija et al[12]

Hyperinsulinemia

Urbina et al[52]

Triglyceride/HDL-c

Aortic pulse-wave velocity

associated with increased arterial stiffness after adjustment for confounding factors.
There is a strong graded inverse relationship between BMI and brachial artery
distensibility, This association is apparent even at BMI levels below those considered
to represent obesity[11,36]. Similar results are observed in adolescents and young adults.
Obesity is associated with subclinical arterial stiffness independently of
cardiovascular risk factors[38,48-50].
The association between obesity and arterial stiffness (aortic pulse-wave velocity)
was evaluated in young adults (20 to 40 years, 50% African American) and older
adults (41 to 70 years, 33% African American). Obesity parameters (BMI, waist
circumference, hip circumference, and waist-to-hip ratio) were strongly correlated
with higher aortic pulse-wave velocity, independently of risk factors. Obesity is an
independent and strong predictor of aortic stiffness for both races and age groups[51].
Systolic hypertension, dyslipemia, and hyperinsulinemia are associated with
arterial stiffness: Other clinical manifestations of insulin resistance, including systolic
hypertension[12,29,39,40], dyslipemia[9,33,36,38-40,52], and hyperinsulinemia[6,11,36,40,44] are also
consistently associated with different measures of arterial stiffness independently of
other cardiovascular risk factors, in diverse population groups, across all ages.
Longitudinal studies such as the Atherosclerosis Risk in Communities study and the
Multi-Ethnic Study of Atherosclerosis have shown that arterial stiffness predicts the
development of systolic hypertension[53,54]. In healthy subjects 10 to 26 years old,
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triglyceride-to-HDL-c ratio is an independent predictor of arterial stiffness after
adjustment for cardiovascular risk factors, particularly in the obese. Arterial stiffness
rose progressively across tertiles of triglyceride-to-HDL-c ratio[52].

INSULIN RESISTANCE IS INDEPENDENTLY ASSOCIATED
WITH SUBCLINICAL STRUCTURAL CHANGES OF THE
ARTERIAL WALL
Similarly to arterial stiffness, a gradual increase in carotid intima-media thickness
occurs with age. A systematic review documents a strong association between age
and carotid intima-media thickness in healthy subjects and individuals with
cardiovascular disease. This relationship is not affected by cardiovascular risk factors.
Ageing is associated with magnification of insulin resistance that may explain the
increase in intima-media thickness[55].
Insulin resistance either ascertained by estimates or by its clinical expression is
associated with increased intima-media thickness and increased calcification of the
arterial wall in asymptomatic subjects. This association is not mediated by classic
cardiovascular risk factors, suggesting that insulin resistance plays a crucial role in the
development of initial vascular damage (Table 3).

Estimates of insulin resistance are associated with increased thickness of the
arterial wall and increased coronary calcification
Increased thickness of the arterial wall: In healthy subjects from the Kuopio Ischemic
Heart Disease Risk Factor study, insulin resistance was determined by the euglycemic
hyperinsulinemic clamp technique and the presence of subclinical vascular disease in
the femoral and carotid arteries was evaluated by ultrasonography. Subjects with
asymptomatic vascular disease were more insulin-resistant compared to control
subjects[56].
The association between insulin resistance and subclinical vascular disease was
confirmed in healthy Swedish men. Insulin resistance was determined by the
hyperinsulinemic euglycemic clamp in subjects with high cardiovascular risk
(hypercholesterolemia, smoking) and subjects with no cardiovascular risk factors.
Asymptomatic vascular disease was evaluated by B-mode ultrasound of the common
carotid artery. A negative correlation between insulin sensitivity and carotid intimamedia thickness was observed in both population groups (high and low
cardiovascular risk). Participants with insulin resistance had greater carotid wall
thickness compared to insulin-sensitive subjects[57].
A similar association between insulin resistance and subclinical vascular disease
(increased intima-media thickness of the arterial wall) was observed in healthy
Caucasian participants of the Insulin Resistance Atherosclerosis Study. Insulin
sensitivity was evaluated by the frequently sampled intravenous glucose tolerance
test with analysis by the minimal model of Bergman. Asymptomatic vascular disease
was assessed by the measurement of intima-media thickness of the carotid artery by
B-mode ultrasonography. In Caucasian men, insulin resistance is associated with a
subclinical increase in carotid intima-media thickness, after adjustment for traditional
cardiovascular risk factors[58].
The independent association between insulin resistance (HOMA-IR) and subclinical
vascular disease (increased carotid intima-media thickness) has been confirmed in
healthy subjects of four ethnic groups (non-Hispanic Whites, African-Americans,
Hispanic Americans, and Chinese Americans) from the Multi-Ethnic Study of
Atherosclerosis[59].
In asymptomatic patients with impaired glucose tolerance, insulin resistance
(calculated by the insulin sensitivity check index) is strongly associated with severe
carotid atherosclerosis (assessed by ultrasonography) on multiple regression analysis
after adjustment for confounders. Carotid intima-media thickness correlated inversely
with insulin sensitivity[60].
The association between insulin resistance and asymptomatic increased intimamedia thickness is apparent in childhood. In healthy children, insulin resistance
measured with the euglycemic hyperinsulinemic clamp is associated with higher
carotid intima-media thickness[61]. Likewise, obese children aged 6-14 years with
higher HOMA-IR had increased carotid intima-media thickness compared to control
children[39].
Increased coronary artery calcification: Insulin resistance is also associated with
subclinical coronary artery calcification. Asymptomatic subjects with insulin
resistance (HOMA-IR) have increased coronary calcification score (derived from
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Table 3 Studies that find an independent association between insulin resistance and subclinical vascular calcification or increased
intima-media thickness of the arterial wall unexplained by traditional cardiovascular risk factors
Ref.

Population group

Insulin resistance

Laakso et al[56]

Healthy subjects

Euglycemic hyperinsulinemic clamp

Increased carotid IMT

Agewall et al[57]

Healthy men

Euglycemic hyperinsulinemic clamp

Increased carotid wall thickness

Howard et al[58]

Healthy Caucasians

Frequently sampled IV glucose tolerance
test

Increased carotid IMT

Bertoni et al[59]

Multiethnic healthy subjects

HOMA-IR

Increased carotid IMT, elevated coronary
calcium

Rajala et al[60]

Healthy subjects

Insulin sensitivity check index

Increased carotid IMT

Obese children

HOMA-IR

Increased carotid IMT

Ryder et al

Healthy children

Euglycemic hyperinsulinemic clamp

Increased carotid IMT

Arad et al[62]

Healthy subjects

HOMA-IR

Elevated coronary calcium score

Ong et al[63]

Healthy subjects

HOMA-IR

Elevated coronary calcium score

Iannuzzi et al[39]
[61]

[64]

Meigs et al

Vascular disease

Healthy subjects

Glucose tolerance tests

Coronary artery calcification

Healthy and type 1 diabetes children

Glucose disposal rate

Coronary artery calcification

Reilly et al[66]

Family history of cardiovascular
disease

HOMA-IR

Coronary artery calcification

Qasim et al[67]

Family history of cardiovascular
disease

HOMA-IR

Coronary artery calcification

Patients with coronary artery disease

Glucose tolerance test

Coronary artery calcification

Family history of cardiovascular
disease

Glucose tolerance test

Coronary artery calcification

Dabelea et al[65]

Young et al[68]
[69]

Shinozaki et al

HOMA-IR: Homeostasis model assessment-insulin resistance; IMT: Intima-media thickness.

electron-beam computed tomography) that is not explained by traditional
cardiovascular risk factors[59,62,63].
In the Framingham Offspring Study, there is a graded increase in subclinical
coronary artery calcification with worsening insulin resistance (impaired glucose
tolerance) among asymptomatic subjects[64].
The association between insulin resistance (estimated glucose disposal rate) and
coronary artery calcification was examined among patients with type 1 diabetes and
healthy subjects in the Coronary Artery Calcification in Type 1 Diabetes study. Insulin
resistance was independently associated with coronary artery calcification (electronbeam computed tomography) in both population groups[65].
In the Study of Inherited Risk of Coronary Atherosclerosis, insulin resistance
(HOMA-IR) is associated with coronary artery calcification after adjustment for
confounding factors in asymptomatic subjects with a family history of premature
cardiovascular disease. The HOMA-IR index predicts coronary artery calcification
scores beyond other cardiovascular risk factors in this population group[66,67].
In normoglycemic patients with coronary artery disease, insulin resistance (glucose
tolerance tests) is associated with severity of the coronary disease documented by
coronary arteriography compared to control subjects. Nondiabetic patients with
coronary artery disease are insulin-resistant compared to control subjects[68,69].

Clinical manifestations of insulin resistance are associated with subclinical
structural damage to the arterial wall
The metabolic syndrome and its individual components are associated with
subclinical structural vascular disease that is not explained by conventional
cardiovascular risk factors.
The metabolic syndrome: In healthy participants of several studies, including the
Atherosclerosis Risk in Communities study, the Baltimore Longitudinal Study on
Aging study, and the Multi-Ethnic Study of Atherosclerosis, the metabolic syndrome
is independently associated with asymptomatic increased carotid intima-media
thickness across all age groups and ethnicities [6,41,59,70] . Likewise, the metabolic
syndrome is associated with coronary artery calcification independently of other
cardiovascular risk factors in asymptomatic subjects with a family history of
premature cardiovascular disease participants of the Study of Inherited Risk of
Coronary Atherosclerosis[66].
Subclinical vascular damage is detectable at young age in the presence of metabolic
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syndrome. Asymptomatic carotid intima-media thickness is increased in children
with metabolic syndrome as compared with healthy control children, after adjustment
for confounders[71]. Regular exercise over 6 mo improves the metabolic syndrome and
reduces carotid intima-media thickness in obese children compared to control
subjects[19].
In analyses from four cohort studies (Cardiovascular Risk in Young Finns study,
Bogalusa Heart study, Princeton Lipid Research study, Insulin study) with a mean
follow-up of 22.3 years, the presence of the metabolic syndrome during childhood is
associated with higher carotid intima-media thickness in adulthood[72].
In the Bogalusa Heart study, postmortem examinations performed in children and
adolescents from a biracial (African American and Caucasian) community showed
that the antemorten presence of the metabolic syndrome (obesity, dyslipemia, and
hypertension) strongly predicted the extent of vascular disease in the aorta and
coronary arteries[73].
In the Pathobiological Determinants of Atherosclerosis in Youth study, arteries
collected from autopsies aged 15-34 years whose deaths were accidental showed that
vascular disease in the aorta and right coronary artery is associated with the presence
of impaired glucose tolerance, obesity, hypertension, and low HDL-c level. This
association is not explained by hypercholesterolemia or smoking[74].
Obesity: In healthy asymptomatic adults, greater BMI and waist-to-hip ratio are
independently associated with increased carotid intima-media thickness [70,75] .
Increased diameter of the arterial wall associated with obesity is present in several
areas of the arterial system, including carotid, femoral and brachial arteries. Across a
wide age range, intima-media thickness of several arteries increased with higher BMI
in a population-based sample of participants[45].
The independent relationship between obesity and subclinical increased intimamedia thickness of carotid and femoral arteries is present in children and adolescents.
Obese children have increased carotid and femoral intima-media thickness compared
to control children[39,48,50]. In a prospective cohort of children and adolescents, BMI
assessed at 11, 15, and 18 years was associated with higher carotid intima-media
thickness after controlling for confounders. Overweight/obese subjects had higher
carotid intima-media thickness compared to subjects with normal BMI[76].
In analyses from four cohort studies (Cardiovascular Risk in Young Finns study,
Bogalusa Heart study, Princeton Lipid Research study, Insulin study) with a mean
follow-up of 22.3 years, childhood BMI was associated with higher carotid intimamedia thickness in adulthood[72].
Systolic hypertension, dyslipemia, and hyperinsulinemia: Fasting hyperinsulinemia
is independently associated with greater carotid intima-media thickness and coronary
artery calcification in asymptomatic healthy subjects[6,62,64,70]. The association between
hyperinsulinemia and increased carotid intima-media thickness is similar in African
American and Caucasian subjects[6,70]. The Mexico City Diabetes study investigated the
longitudinal relationship between systolic hypertension and vascular damage in a
population-based prospective trial. In normotensive subjects who progress to
hypertension (prehypertensive subjects), baseline carotid intima-media thickness
increased in comparison with subjects who remained normotensive. After adjusting
for multiple cardiovascular risk factors, converter status was independently
associated with a higher carotid intima-media thickness[77].
Autopsy examinations from the Pathobiological Determinants of Atherosclerosis in
Youth study show that systolic hypertension is associated with greater vascular injury
in both the aorta and right coronary artery (particularly fibrous plaques) in subjects
throughout the 15-34 year age span. The association of hypertension with vascular
damage remained after adjusting for BMI and glycohemoglobin[74].
Longitudinal autopsy studies conducted in children and adults show that low
HDL-c is independently associated with vascular disease. The degree of vascular
lesions in both the aorta and right coronary artery is negatively associated with serum
HDL-c on multiple regression analysis[73,74,78,79].

SUBCLINICAL VASCULAR DISEASE ASSOCIATED WITH
INSULIN RESISTANCE PREDICTS CARDIOVASCULAR
DISEASE
Subclinical structural and functional vascular dysfunction associated with insulin
resistance in otherwise healthy subjects is highly predictive of future cardiovascular
events. Reduced vasodilation, loss of arterial distensibility, and increased arterial
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intima-media thickness in asymptomatic subjects are all associated with future
cardiovascular disease.
In a systematic review and meta-analysis of prospective studies, impaired brachial
flow-mediated vasodilatation was associated with future cardiovascular events both
in asymptomatic and diseased population groups[15]. Impaired nitroglycerin-mediated
vasodilatation of the brachial artery has been independently associated with coronary
artery calcification in a population-based study[80]. In a prospective study, impaired
coronary vasoreactivity was independently associated with a higher incidence of
cardiovascular events. Baseline coronary vasoreactivity in response to several stimuli
(acetylcholine, sympathetic activation, increased blood flow, and nitroglycerin)
predicted incident cardiovascular events at follow-up, after adjustment for traditional
cardiovascular risk factors[81].
The ability of arterial stiffness to predict cardiovascular events independently of
other cardiovascular risk factors has been documented in cross-sectional and
prospective studies, systemic reviews and meta-analyses.
Prospective studies show that increased arterial stiffness (estimated by wide pulse
pressure, carotid-femoral pulse-wave velocity, and common carotid distensibility) is a
powerful predictor of incident cardiovascular events in asymptomatic individuals
from the general population, patients with hypertension, subjects with impaired
glucose tolerance, and patients with T2D beyond classic cardiovascular risk
factors[82-84]. A systematic review of cross-sectional studies concludes that arterial
stiffness is highly predictive of cardiovascular events[12]. A systematic review and
meta-analysis of longitudinal studies that followed-up 15877 subjects for a mean of 7.7
years concludes that aortic stiffness (expressed as aortic pulse-wave velocity) is a
strong predictor of future cardiovascular events, cardiovascular mortality, and allcause mortality, independently of classic cardiovascular risk factors. The predictive
value of increased arterial stiffness is larger in patients with higher baseline
cardiovascular risk states, such as renal disease, coronary artery disease, or
hypertension compared with low-risk subjects (general population)[85].
The prospective association between arterial stiffness and postmortem vascular
damage was investigated among elderly subjects. There was a weak correlation
between baseline arterial stiffness (pulse-wave velocity) and the degree of vascular
damage observed at autopsy[86].
A large cross-sectional study with 10828 participants investigated the ability of
brachial-ankle pulse-wave velocity for screening cardiovascular risk in the general
population. On multivariate analysis, brachial-ankle pulse-wave velocity was
associated with cardiovascular risk independently from conventional risk factors[87].
In a population-based cohort study in the elderly (Rotterdam study), arterial
stiffness had a strong positive association with structural vascular disease. Aortic and
carotid stiffness (assessed by carotid-femoral pulse-wave velocity and common
carotid distensibility) was associated with carotid intima-media thickness after
adjustment for cardiovascular risk factors[88].
Subclinical carotid intima-media thickness predicts cardiovascular events in
healthy subjects and patients with coronary artery disease. A systematic review and
meta-analysis concluded that carotid intima-media thickness is a strong independent
predictor of future vascular events, although data for younger individuals are
limited[89]. A prospective cohort study of women shows that increased carotid intimamedia thickness predicts cardiovascular events during 7-year follow-up regardless of
glucose tolerance and other cardiovascular risk factors[90]. In a systematic review,
population groups with cardiovascular disease had a higher carotid intima-media
thickness compared to population groups free of cardiovascular disease[55].

CONCLUSION
Numerous studies provide compelling evidence of an association between insulin
resistance and subclinical cardiovascular disease that is not explained by traditional
cardiovascular risk factors, such as hypercholesterolemia or smoking. Pathogenic
mechanisms underlying vascular damage linked to insulin resistance are undefined.
Vascular injury associated with insulin resistance begins early in life and includes
impaired vasodilation, loss of arterial distensibility, increased intima-media thickness
of the arterial wall and increased arterial calcification. Subclinical vascular
dysfunction associated with insulin resistance in otherwise healthy subjects is highly
predictive of future cardiovascular events. Reduced vasodilation, loss of arterial
distensibility, increased arterial intima-media thickness and vascular calcification in
asymptomatic subjects are associated with future cardiovascular disease.
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Abstract
BACKGROUND
It has been established that bariatric surgery, including laparoscopic sleeve
gastrectomy (LSG), has a positive impact on type 2 diabetes mellitus (T2DM).
However, less frequently T2DM is reported as a risk factor for complications with
this type of surgery.
AIM
To evaluate the safety of LSG in T2DM.
METHODS
A retrospective cohort study was conducted over patients admitted for LSG from
January 2008 to May 2015. Data was collected through digitized records. Any
deviation from normal postoperative care within the first 60 d was defined as an
early complication, and further categorized into mild or severe.
RESULTS
Nine hundred eighty-four patients underwent LSG, among these 143 (14.5%)
were diagnosed with T2DM. There were 19 complications in the T2DM group
(13.3%) compared to 59 cases in the non-T2DM (7.0%). Out of 19 complications in
the T2DM group, 12 were mild (8.4%) and 7 were severe (4.9%). Compared to the
non-T2DM group, patients had a higher risk for mild complications (Odds-ratio
2.316, CI: 1.163-4.611, P = 0.017), but not for severe ones (P = 0.615). An increase
of 1% in hemoglobin A1c levels was associated with a 40.7% increased risk for
severe complications (P = 0.013, CI: 1.074-1.843) but not for mild ones.
CONCLUSION
Our data suggest that LSG is relatively safe for patients with T2DM. Whether preoperative control of hemoglobin A1c level will lower the complications rate has
to be prospectively studied.
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Core tip: Laparoscopic sleeve gastrectomy is the most popular bariatric procedure
worldwide today. Its impact among diabetic patients has been beneficial regarding
diabetes control. This study is the first to examine the safety of the procedure in this
subgroup of the population. We found that the diagnosis of diabetes mellitus is
associated with an increased rate of mild postoperative complications but not with severe
ones. Elevated hemoglobin A1c is a good predictor for the risk of severe complications.
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INTRODUCTION
Bariatric surgery is the standard of care for obesity and related morbidity. In the past
few years, the most popular procedure worldwide has become laparoscopic sleeve
gastrectomy (LSG) and accounting for more than 50% of bariatric procedures in the
United States since 2014[1,2]. In addition, bariatric surgery has proved to be the only
modality that has the potential to achieve complete remission of type 2 diabetes
mellitus (T2DM), and its advantage over conservative therapy is significant[3-6]. The
Diabetes Surgery Summit of experts in Rome in 2007, the American Diabetes
Association in 2009, and the International Diabetes Federation in 2011 published
guidelines to consider laparoscopic bariatric surgery as a treatment for T2DM[4,7].
T2DM is a proven risk factor for postoperative complications in other fields of
surgery[8-12]. There is likely no single mechanism to explain this increased risk but
wound healing, re-epithelization, angiogenesis, inflammatory response, pain, and
coagulopathy are all negatively affected by T2DM. In addition, the risk for renal,
cardiovascular, and respiratory failure is increased in T2DM patients undergoing
surgery[13-22]. In bariatric procedures involving stapling of the gastrointestinal tract,
specifically gastric bypass, T2DM is a significant risk factor for re-admission and early
complications in some reports but not in others[23-31].
Nevertheless, reports of the contributing effects of T2DM in post-LSG
complications are far and few between. As a result, the quoted risk in LSG for the
general population was adopted for the T2DM subgroup and described in diabetes
literature and guidelines as up to 15% for mild complications, 2%-6% for severe
complications, and 0.1%-0.5% for mortality[32]. Our hypothesis is that postoperative
morbidity of LSG in T2DM patients is higher than that of patients without T2DM[33].
The aim of this study is to examine the prevalence of complications after LSG in
T2DM patients in comparison to control non-T2DM patients.

MATERIALS AND METHODS
Settings
A retrospective cohort study including all patients admitted for LSG from January
2008 to May 2015 at the Soroka University Medical Center (SUMC) was conducted.
SUMC is a regional academic tertiary 1044-bed medical center in southern Israel,
providing healthcare to a diverse population of one million.

Data sources
SUMC has been using digitized records, including in-hospital reports and outpatient
follow-up (diagnoses, chronic diseases, surgical reports, BMI measurements,
laboratory, and imaging tests) since 2000. After approval from the local ethics
committee, data regarding patients in our study were gathered using this database.
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Definitions
Complication: Any deviation from normal postoperative course in the first 60 d was
defined as an early complication. An admission longer than 5 d and readmissions or
reoperations within 60 d after surgery were considered a complication and were
reviewed. In such cases, the record was expeditiously inspected in order to classify
the exact type (leak, bleeding, stricture, dysphagia, renal and respiratory failure, or
other) and the grade of the complication. The complications were graded using the
conventional Clavien-Dindo (CD) classification system for postoperative
complications[34]. In this study, severe complications are defined as CD 3b or higher
(requiring intervention under general anesthesia, ICU hospitalization, multiorgan
failure, or death). Complications graded as CD 3a or below (any deviation from the
normal postoperative course requiring any drug therapy, parenteral nutrition, blood
transfusion, or intervention not under general anesthesia) are defined as mild.
Type 2 diabetes: Patients are said to have T2DM if one of the following conditions is
fulfilled: (1) diagnosis made by the general practitioner or taken from the admission
note; (2) a diagnosis of complication of T2DM (ICD-9 code 2504 for diabetes with
nephrotic manifestations, 2505 for diabetes with ophthalmic manifestations, 2506 for
diabetes with neurological manifestations, 2507 for diabetes with peripheral
circulatory disorders) was previously performed; and (3) hemoglobin A1c (HbA1c)
level above 6.5% (48 mmol/mol) drawn 2 years prior to the operation.

Preoperative evaluation
In the bariatric practice, every patient with a BMI > 40 kg/m2 is eligible for bariatric
surgery. Additionally, patients with T2DM are considered for bariatric surgery with a
BMI as low as 35 kg/m2 or above. In Israel, a patient who is planned for a bariatric
procedure needs approval of an institutional multidisciplinary committee that is
composed by a bariatric surgeon, anesthesiologist, internist, nutritionist, and social
worker. The patient was admitted the day before operation for final evaluation and
preparation, which includes blood tests, preoperative anticoagulation therapy,
fasting, and IV fluid administration.

Surgical technique
LSG was performed in a standardized fashion. At induction of anesthesia, a firstgeneration cephalosporin was given for prophylaxis. After peritoneal CO2 insufflation
unto 15 mmHg, 4 to 5 trocars were inserted through the abdominal wall. The greater
omentum was dissected away from the gastric greater curvature. A bougie was then
introduced by the anesthesiologist and positioned along the lesser curvature of
stomach, as a template for gastric resection that starts about 5 cm above the pylorus,
up proximally to the gastro-esophageal junction. Resection was performed with
laparoscopic staplers fired along the greater curvature close to the bougie. Upon
surgeon decision, staple line reinforcement technique was performed (with suture,
bio-material, or none). A closed suction drain was positioned along the stomach
stump. The bougie that was inserted to the stomach by the anesthesiologist was
withdrawn at the end of the operation.

Postoperative care and follow-up
In the first postoperative day the patient was encouraged to drink 300 mL of clear
liquid, followed by unlimited drink in the second postoperative day. In the third
postoperative day, the patient was instructed to ingest a liquid diet. On the third
postoperative day, if vital signs were within normal limits, the patient was in well
condition, did not complain of abdominal pain, maintained an acceptable liquid
intake, and the suction drain was of serous content under 100 mL a day, he or she was
discharged. All patients were advised by a dietitian about the recommended diet for
the next month. Every patient was discharged with prophylaxis anticoagulation
therapy for the first 30 postoperative days. Follow-up visits at the bariatric clinic for
encounter with the surgeon were held at 1 wk, 4 mo, 8 mo, and 1 year post-op.
T2DM patients were routinely followed in the pre-, intra-, and post-operative
periods for plasma glucose levels. Insulin therapy was administered if needed in
order to control levels below 180 mg/dL.

Statistical analysis
All analyses were performed using IBM SPSS Statistics, version 24.0 (Armonk, NY,
United States, IBM Corp). All tests were two-tailed and were considered significant at
P ≤ 0.05. Baseline clinical and demographic variables were compared between study
groups by Chi-square for categorical variables or t-test for continuous variables. We
used chi-square or binomial logistic regression to examine the association between
total, mild, and severe early complications as dependent variables and the following
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independent variables: diabetes type 2, fasting glucose level, and HbA1c. In addition,
the following independent variables were examined as well: age, gender, BMI,
previous bariatric surgery, concomitant removal of gastric banding, length of
operation, surgeon identity, cumulative surgeon experience for each case, and
comorbidities including hypertension, chronic ischemic heart disease, dyslipidemia,
smoking status, asthma, sleep apnea, and fatty liver. In the next stage we used
multivariate binomial logistic regression with stepwise method to assess the variables
presenting statistical significance in the univariate study (P < 0.05), and the possible
interactions were considered.

RESULTS
In a seven-year study period, 984 patients underwent LSG (66.2% were women).
Mean age and BMI were 39.2 ± 12.2 years and 41.7 ± 5.9 kg/m2, respectively. There
were 143 patients (14.4%) with T2DM. Only one mortality (0.1%) was reported from
the whole cohort and occurred at postoperative day 56 in the non-T2DM group.
Unfortunately, we could not find any information about any illnesses before the death
of the patient, and that raises the suspicion that it was not caused by a medical
condition.
Patient characteristics differed among the study and control group in a few
variables. The majority of the T2DM patients were male, older, and had a higher
prevalence of essential hypertension, dyslipidemia, chronic ischemic heart disease,
and sleep apnea.
Fasting plasma glucose (FPG) levels were available for 560 patients (56.9%) of the
total study population, of which 112 were T2DM patients (78.3%). Mean FPG levels
were 152 ± 51 mg/dL and 96 ± 13 mg/dL in the T2DM group and non-T2DM group,
respectively (P = 0.001).
HbA1c levels were available for 286 patients (29.1%) of the total study population,
of which 115 were T2DM patients (80.4%). Mean HbA1c levels were 7.6% ± 1.8% (60 ±
15 mmol/mol) and 5.6% ± 0.5% (38 ± 5 mmol/mol) in the T2DM group and nonT2DM group, respectively (P = 0.001).
Demographic, biometric, and morbidity characteristics are shown in Table 1. To
note, chronic diseases such as anemia, smoking status, dyslipidemia, and chronic
ischemic heart disease were reported by the general practitioner and collected from
the patient’s record.
Table 2 shows the complications by CD Classification. There were 78 early
complications in this study (7.9%) with 44 (4.5%) of them categorized as mild and 34
(3.5%) of them categorized as severe. T2DM patients had significantly higher early
complications compared to the non-T2DM patients (13.3% vs 7.0%, P = 0.01). When
analyzing the subgroups of mild and severe complications, T2DM patients had
significantly more mild complications (8.4% vs 3.8%, P = 0.01) but not severe
complications (4.9% vs 3.2%, P = 0.31). In a multivariate binomial logistic regression
for total early complications, we included T2DM, gender, age, dyslipidemia,
hypertension, chronic ischemic heart disease, sleep apnea, and previous bariatric
history. After a stepwise procedure, only T2DM was observed to be a significant
factor for early complications (Odds ratio 2.031, CI: 1.171-3.522, P = 0.012). A similar
result was observed for mild complications (Odds ratio 2.316, CI: 1.163-4.611, P =
0.017) but not for severe complications (P = 0.615).
When analyzing FPG level as an independent variable, it was not found to be
significant for early complications (P = 0.557), mild complications (P = 0.668), or
severe complications (P = 0.701). When setting a cut point of FPG level below 126 or
equal and above 126, we did not find any significant differences in early
complications (P = 0.260), mild complications (P = 0.708), or severe complications (P =
0.230).
When analyzing HbA1c as an independent variable, we found that for every
elevation of 1% in HbA1c, there was an elevation of 1.314 in the risk for early
complications (P = 0.008, CI: 1.074-1.609). A similar result of an elevation of 1.407 in
risk was observed for severe complications (P = 0.013, CI: 1.074-1.843) but not for mild
complications. Data on complication subtypes across study population are detailed in
Table 3. Due to low event rates in these subgroups, only descriptive statistics are
detailed.

DISCUSSION
Reports of early complications after bariatric surgery are abundant, specifically in
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Table 1 Patient characteristics
Non-type 2 diabetes group, n =
841, n (%) or mean (± SD)

Type 2 diabetes group, n = 143, n
(%) or mean (± SD)

P-value

Female

573 (68.1)

78 (54.5)

0.02

Age, yr

38 (± 12.0)

48 (± 11.0)

< 0.01

BMI, kg/m2

41.8 (± 5.9)

41.4 (± 6.1)

0.48

Operative time, min

55 (20.8)

57 (24.6)

0.57

Dyslipidemia

110 (13.1)

75 (52.4)

< 0.01

Essential hypertension

106 (12.6)

63 (44.1)

< 0.01

Chronic ischemic heart disease

10 (1.2)

10 (7.0)

< 0.01

Smoking status

89 (10.6)

22 (15.4)

0.09

Asthma

34 (4.0)

9 (6.3)

0.22

Sleep apnea

36 (4.3)

13 (9.1)

0.01
0.41

Anemia

15 (1.8)

4 (2.8)

237 (29.0)

29 (20.3)

0.03

5.6 (± 0.5), 38 (± 5.0)

7.6 (± 1.8), 60 (± 15.0)

< 0.01

96 (± 13.0)

152 (± 51.0)

< 0.01

Previous bariatric surgery
Hemoglobin A1c level % (± SD),
mmol/mol (± SD)
Fasting plasma glucose mg/dL (±
SD)

LSG. In large cohorts, the rate of early complications ranges from 5.4% to 7.3% and
readmission rate within 30 d is 2.8%[35-38]. The rate of severe complication in LSG is
reported to be 1.2% to 2.2%. Our results show a higher rate of complications (7.9%)
when compared to other studies and not only in T2DM patients. This discrepancy
could be explained by the difference in definition of complication in each study. In
this study we focused on the impact of the complication on general patient health and
on the healthcare system rather than on the type of complication. For example, a leak
is considered a formidable surgical complication, although in some cases it only
moderately affects the patient, whereas a simple postoperative non-surgical
complication such as pneumonia can lead to respiratory failure and death. We believe
that this holistic approach is more instrumental for a non-surgeon professional, such
as a general practitioner, endocrinologist, internist, or dietitian, when considering a
bariatric surgery with the patient. In addition, because SUMC is the only medical
center in southern Israel, every complicated case and readmission after surgery are
seen at SUMC. Therefore, almost every complication is reported in this study. In other
studies, it may be difficult to track complications after discharge of the patient due to
the patient seeking treatment at a different facility.
For T2DM patients who undergo LSG, we found a significant increased risk for
early complications, but this is significant only in the mild group and not in the severe
group. This result is aligned with a retrospective Spanish-Portuguese multicenter
study by Sánchez-Santos et al[39]. Of 2882 patients, 29.2% of them were T2DM patients,
and they found a significantly higher risk for early complications (Odds-ratio 1.48, CI:
1.12-1.95) in the T2DM group compared to the non-T2DM group. Mortality in the
group of T2DM was increased as well in this study, but not in our study. In another
study based on the American College of Surgeons-National Surgical Quality
Improvement Program (ACS-NSQIP) database of 2012-2013, T2DM was associated
with increased risk for re-admission during the first 30 postoperative days[40].
In a study by Creange et al[41] based on the American College of Surgeons-National
Surgical Quality Improvement Program database of 2012, 941 out of 6062 LSG
patients had T2DM (15.5%). As in our study, the T2DM patient group was more likely
to be male and older. In contrast to our results, T2DM was not found to be associated
with increased 30 d complication rate.
Aminian et al[42] published an LSG risk calculator based on the same American
College of Surgeons-National Surgical Quality Improvement Program 2012 database.
In this analysis, type 1 and type 2 diabetes was found as a significant risk factor for 30
d complications. Creange et al[41] state that this difference in results stems from the
contribution of type 1 diabetes patients in the Aminian et al [42] report. In our
population, all patients with diabetes were diagnosed with T2DM.
This study is the first to assess the effect of FPG levels and HbA1c levels on 30 d
complications after LSG. FPG was not found to affect 30 d complication rate, but it
was found that any increase of 1% in HbA1c is associated with a significant increase
of 31% in the risk for early postoperative complications. This result was maintained
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Table 2 Mild and severe early complications (by Clavien-Dindo classification)1, n (%)
Grade

Non-type-2-diabetes group, n = 841

Type 2 diabetes group, n = 143

P-value

1

14 (1.7)

6 (4.2)

2

15 (1.8)

6 (4.2)

3a

3 (0.4)

0 (0.0)

Mild (CD ≤ 3a)

32 (3.8)

12 (8.4)

3b

15 (1.8)

4 (2.8)

4a

7 (0.8)

1 (0.7)

4b

4 (0.5)

2 (1.4)

5

1 (0.1)

0 (0.0)

Severe (CD ≥ 3b)

27 (3.2)

7 (4.9)

0.31

Total

59 (7.0)

19 (13.3)

0.01

0.01

1

This is a univariate analysis. CD: Clavien-Dindo.

when analyzing the subgroup of severe complications, but not for mild ones. The
effect of elevated HbA1c upon early complications after surgery was reported in
general surgery as a protective factor is some reports (probably due to heightened
postoperative vigilance and lower threshold to treat hyperglycemia), or as risk factor
in trauma surgery and several orthopedic procedures in other reports[43-46]. In our
study, the discrepancy between the result that elevated HbA1c is associated with
higher risk for early postoperative complications (mild and severe) and the fact the
T2DM as a disease by itself is not a risk factor for early complications (mild and
severe) could be explained by the fact that many of the T2DM patients have balanced
glucose levels, and the more important parameter when evaluating a patient is HbA1c
level.
This study has several limitations. First, it is composed of retrospective data. This
fact may be tempered by the large number of patients and the wide range of
background variables that were collected. Second, despite comprehensive data
collection, most patient records were not reviewed individually. Moreover, some
data, such as reoperations or readmissions in other medical centers (even if they are
part of the same medical insurance organization as our center) were not retrieved.
Third, the definition of T2DM is mostly based on patient and primary physician
report and not on detailed biochemical evaluation of every patient. This may lead to
distortion in the distribution between the two groups. Fourth, only 56.9% of patients
had FPG levels drawn and even less had reported HbA1c levels drawn (29.1% of total
study population and 80.4% of T2DM group). In addition, this study does not analyze
long-term complications in LSG in T2DM patients. The strengths are large sample size
and the meticulous assessment of complications. Both of which enabled us to carefully
inform the patient of the spectrum of complications that they may face.
Our data show an increased risk only for mild complications of LSG in T2DM
patients. Together with extensive data on the chance of T2DM remission[6], we believe
there is good evidence that LSG is a relatively safe and effective option for these
patients. In addition, increased HbA1c should be noted as a risk factor for severe
complications and further studies are required in order to assess whether strict
diabetic control prior to operation may lead to reduced postoperative complications.
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Table 3 Early complications (by type), n (%)
Early complication by type

Non-type 2 diabetes group, n = 841

Type 2 diabetes group, n = 143

Staple line dehiscence and leak

16 (1.9)

2 (1.4)

Stricture and dysphagia

20 (2.4)

8 (5.6)

Bleeding

7 (0.8)

3 (2.1)

Acute renal failure

0 (0.0)

3 (2.1)

Respiratory failure

4 (0.5)

0 (0.0)

Other

11 (1.3)

3 (2.1)

Total

59 (6.9)

19 (13.2)

ARTICLE HIGHLIGHTS
Research background
Bariatric surgery has been advocated as an effective therapy for type 2 diabetes mellitus (T2DM)
in an abundance of studies. Nevertheless, when considering a modality of treatment, its benefits
should be weighed against its risks.

Research motivation
The risks that lie in bariatric surgery in the subgroup of T2DM have not been thoroughly
investigated. Complications after other types of surgery within this subgroup of patients has led
us to believe that post-bariatric surgery complication rates may be elevated in T2DM patients.

Research objectives
The main objectives of the study were to evaluate any kind of postoperative complications in the
T2DM group vs non-T2DM patients within 60 d of surgery. Any deviation from the normal
postoperative course was considered a complication. Further categorization into mild and severe
complications was performed. This categorization was based upon Clavien-Dindo classification
which is a common postoperative complications grading system.

Research methods
All patients who underwent laparoscopic sleeve gastrectomy performed by three surgeons in a
single institute were included. Data was extracted from a digitized database through specific
queries regarding length of stay, imaging, reoperations, and readmissions in the first 60 d after
the operation. Mortality was extracted from that system as well. Any case of deviation from the
average length of stay (more than 3 d after operation), further imaging (no imaging is routinely
performed after operation), reoperation, or readmission was studied carefully in order to define
the exact type of complication and categorize as mild or severe.

Research results
Nine hundred and eighty-four patients underwent laparoscopic sleeve gastrectomy, among
these 143 (14.5%) were diagnosed with T2DM. There were 19 complications in the T2DM group
(13.3%) compared to 59 cases in the non-T2DM (7.0%). Out of 19 complications in the T2DM
group, 12 were mild (8.4%) and 7 were severe (4.9%). Compared to the non-T2DM group,
patients had a higher risk for mild complications (Odds-ratio 2.316, CI: 1.163-4.611, P = 0.017),
but not for severe ones (P = 0.615). Any increase of 1% in hemoglobin A1c levels was associated
with a 40.7% increased risk for severe complications (P = 0.013, CI: 1.074-1.843).

Research conclusions
In this study, we find that the rate of mild complications is increased in T2DM patients. It means
that these patients will suffer more from problems such as dysphagia, surgical site infection,
dehydration, pneumonia, and bleeding. But these complications can be treated easily and
conservatively without the need for interventions under general anesthesia, reoperations, or
prolonged ICU admissions. Together with our knowledge of significant weight loss and
reduction in glycemic burden after bariatric surgery, we believe that these complications should
be well tolerated in face of the potential long-term benefit of this therapy in this subgroup of
patients.

Research perspectives
Another result of our study, that any elevation of 1% in HbA1c levels is associated with a 40.7%
increased risk for severe complications should commence a process of evaluating preoperative
diabetes control. We believe that in a future study, patients with relatively high HbA1c level
(above 9%) should have a short course of pre-operative tight glycemic control tested against
patients who do not receive this preoperative intervention. This will also help us understand the
pathophysiology of diabetes in surgical patients, and whether complications are driven purely
from glycemic control or from chronic micro- and macro-vascular damage associated with
diabetes.
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Abstract
BACKGROUND
A large number of adults with long-term type 1 diabetes are affected by
symmetrical peripheral neuropathy. These complications increase socioeconomic
expenses and diminish the individual quality of life. The 36-Item Short Form
Health Survey (SF-36) is a generic patient reported questionnaire, measuring
mental and physical health related quality of life. We hypothesized that diabetic
neuropathy would decrease physical and mental quality of life measured with
SF-36, and that clinical appearance may be associated with the decline.
AIM
To investigate if diabetic neuropathy would decrease physical and mental quality
of life measured with SF-36, and if clinical appearance may be associated with the
decline.
METHODS
Forty-eight adults [age 50 ± 9 years, 10 females, disease duration 32 (14-51) years]
with verified diabetic symmetrical peripheral neuropathy and 21 healthy
participants (age 51 ± 6 years, 6 females) underwent standardised nerve
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conduction testing and completed the SF-36 questionnaire. Furthermore, disease
duration, number of comorbidities, both diabetes related and nondiabetes
related, vibration perception threshold, number of hypoglycaemic events, HbA1c
and administration way of insulin was notified.
RESULTS
In comparison to healthy subjects, patients’ mental composite score was not
significantly diminished (51.9 ± 8.9 vs 53.1 ± 5.5, P = 0.558), while the physical
composite score was (46.3 ± 11.7 vs 54.6 ± 3.3, P = 0.002). As expected, the overall
physical health related symptoms in patients were associated to total number of
comorbidities (P < 0.0001), comorbidities relation to diabetes (P = 0.0002) and
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CONCLUSION
The finding of this study emphasises the importance of focusing on quality of life
in adults with diabetes and especially in those with multiple comorbidities as
well as the possibility of HbA1c as a biomarker for severe complication.
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Core tip: In this study, we found a diminishment of physical domains more so than
mental components from the 36-Item Short Form Health Survey (SF-36), in 48 people
with type 1 diabetes and verified diabetic symmetrical peripheral neuropathy when
compared to 21 healthy controls. Additionally, this physical diminishment was
associated with increases in number of comorbidities and HbA1c. To our knowledge a
study of health related quality of life exclusively in people with type 1 diabetes and
diabetic symmetrical peripheral neuropathy compared to healthy age-matched controls
has not previously been performed, therefore these results are interesting for health care
professionals interested in the connection between neuropathy and patient experience.
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INTRODUCTION
Diabetic symmetrical peripheral neuropathy is a frequent complication to type 1
diabetes, although the prevalence varies between countries[1]. The pathogenesis of
diabetic neuropathy is not fully understood; however, it is generally accepted to be a
consequence of hyperglycaemic exposure leading to activation of metabolic,
biochemical, inflammatory and immune mediated pathways. Clinically, neuropathy
can present itself both with and without symptoms, including decreased sensation
(numbness) or pain[2,3]. The severity of peripheral neuropathy is associated with
incapacitating complications and a shorter life expectancy for the individual. On top
of this, research within the last years has focused increasingly on the physical as well
as mental burden of diabetes on quality of life.
It has become more and more acknowledged in clinical practice, to evaluate patient
centred outcomes in the measurement of disease burden, progression and treatment
outcome and how these impacts fundamental health related quality of life (HRQoL).
In an effort to standardise and examine HRQoL the development and validation of
instruments, such as the 36-Item Short Form Health Survey (SF-36), enables
comparisons of different conditions between diseases, populations and countries[4].
The SF-36 has proved valid and useful in surveys of general and specific populations
comparing the relative burdens of diseases, and in differentiating the health benefits
produced by a wide range of treatments. Previous trans-sectional studies have
investigated the HRQoL status in diabetes; however, most studies were carried out in
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different types of diabetes and with mixed phenotypes. Thus, there is a knowledge
gap in characterising the HRQoL in a population with type 1 diabetes and diabetic
symmetrical peripheral neuropathy[5,6].
We hypothesized that the presence of diabetic symmetrical peripheral neuropathy
would decrease the individual physical and mental quality of life. Thus, the aim of
this study was to compare the HRQoL in adults with type 1 diabetes as compared
with healthy age-matched controls using the SF-36 questionnaire. In addition, in
patients we wanted to investigate associations between HRQoL and: (1) disease
duration; (2) number of comorbidities, both diabetes related and non-diabetes related;
(3) vibration thresholds; (4) nerve conduction velocity of the efferent median nerve;
(5) nerve conduction velocity of the afferent sural nerve; (6) number of hypoglycaemic
events; (7) glycaemic state; and (8) the use of insulin pen or pump.

MATERIALS AND METHODS
Subjects
The study comprised baseline observations of 48 people with long-term type 1
diabetes and verified diabetic symmetrical peripheral neuropathy recruited at the
Department of Endocrinology, Aalborg University Hospital, Denmark from June 2014
to March 2016, as part of a clinical trial investigating the effect of liraglutide on
neuropathy (TODINELI trial, (EUDRA CT 2013-004375-12). The local ethics committee
approved the study protocols (N-20130077). Inclusion criteria were adults (> 18 years)
with type 1 diabetes for a minimum duration of two years and diabetic sensory
neuropathy verified by nerve conduction velocity testing. Additional criteria has been
described elsewhere[7]. In comparison, 21 adult healthy, age-matched, participants
were recruited for comparison. Informed consent was obtained from all individual
participants included in the study.

Health quality and pain perception questionnaires
To assess HRQoL, participants completed the SF-36[8-10]. Even though it is not specific
for diabetes, it has been validated and the components are relevant to assess the
symptom burden experienced in diabetes [11] . The SF-36 was developed as a
multipurpose eight-scale profile of functional health and well-being scores (physical
functioning, role limitation due to physical problems, bodily pain, general health,
vitality, social functioning, role limitation due to emotional problems, and mental
health), and two summary scores (physical component summary and mental
component summary), to explain variations in patient outcomes, covering 4 wk prior
to the test[8,12]. Scores from the 36 items are transformed to a 0-100 scale with higher
scores equals better quality of life[6,12]. A greater than five point change on this scale is
considered clinically significant[6].

Protocol
Health care professionals obtained information about disease duration, comorbidities
and way of insulin intake. Vibration perception threshold was measured using a
biothesiometer (Bio-Medical Instruments, Newbury, OH, United States) on the distal
plantar surface of the big toes. Peripheral nerve conduction testing of the efferent
median and afferent sural nerves was evaluated at the elbow and the ankle,
respectively, with plastic bar electrodes at skin temperatures above 32 °C. A blood
sample was taken for measurement of HbA1c (IFCC) and number of hypoglycaemic
events was registered in a patient diary two days prior to the study day.

Statistical analysis
The statistical methods of this study were reviewed by all the authors. Normally
distributed data was reported as means and standard deviations, non-normally
distributed data as median and interquartile range while categorical data is provided
as a percentage. An independent-sample t-test was undertaken to determine
differences in HRQoL between the two groups. For parametric data, a Pearson’s
correlation tests were performed to investigate associations between HRQoL and
disease duration, HbA1c, average vibration thresholds and nerve conduction velocity
for the efferent median and sural nerves. For nonparametric data, a Spearman’s
correlation tests were performed to investigate associations between HRQoL and
number of hypoglycaemic events, total number of comorbidities, diabetes related and
non diabetes related comorbidities. Diabetes related includes hypertension,
retinopathy, pain, albuminuria, erectile dysfunction and cardiovascular diseases.
Non-diabetes related includes hypercholesterolemia, thrombose prophylaxis,
operations, reflux, arthritis and arthroses, asthma and allergies, metabolic diseases,
vitamin deficiencies and more. Additionally, an independent samples t-test was run
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to determine if there was a difference between people with diabetes who used insulin
pens or pump.

RESULTS
A total of 48 people with type 1 diabetes and 21 adult heathy volunteers were
included in and completed the study. The demographic distribution is shown in Table
1 and displays no notable difference in demographic characteristic between the two
groups.

Comparison between type 1 diabetics and healthy controls
As seen in Figure 1, when diabetes was present, a numerical decline was observed in
every SF-36 domain, compared to healthy subject. Significant differences were found
on physical functioning (78.6 ± 27.7 vs 96.7 ± 6.2, P = 0.005), role limitation due to
physical problems (82.4 ± 31.7 vs 100 ± 0, P = 0.01), general health (64.4 ± 24.5 vs 85.3 ±
13.1, P < 0.001), vitality (65.5 ± 23.9 vs 78.1 ± 13.9, P = 0.03), role limitations due to
personal or emotional problems (87.0 ± 27.3 vs 100 ± 0, P = 0.03) and the physical
composite score (46.3 ± 11.7 vs 54.6 ± 3.3, P = 0.002). However, no significance was
found lookig at bodily pain (76.2 ± 24.34 vs 87.3 ± 17.7, P = 0.07), social functioning
(91.9 ± 13.9 vs 95.2 ± 15.0, P = 0.39), mental health (81.2 ± 16.9 vs 86.7 ± 13.6, P = 0.20)
and the mental composite score (51.9 ± 8.9 vs 53.1 ± 5.5, P = 0.56).

Associations
There was a negative association between the physical composite score of SF-36 and
number of comorbidities (r = -0.62, P < 0.001), both diabetes (r = -0.53, P = 0.018) and
non-diabetes related (r = -0.51, P < 0.001), and HbA1c level (r = -0.41, P = 0.005), as can
be seen in Figure 2. However, one of these were associated with the mental composite
score of SF-36 (P > 0.05).
Additionally, physical parameters of physical function, role limitation due to
physical health, bodily aim and general health were all associated to and number of
comorbidities (P < 0.01), both diabetes (P < 0.03) and non-diabetes related (P < 0.02),
while only physical function and bodily pain were associated to HbA1c (P < 0.02).
More detail can be found in Table 2.
Disease duration, vibration threshold, nerve conduction velocity of the efferent
median nerve and the afferent sural nerve, and number of hypoglycaemic events were
not associated with HRQoL scores. Additionally, there was no difference in
symptoms between people using standard insulin pens and people using insulin
pumps.

DISCUSSION
This study partly confirms our hypothesis, as in particular physical domains and not
mental domains were negatively affected in people with diabetes and diabetic
symmetrical peripheral neuropathy, potentially limiting the patients in their daily
work and social activities. This emphasizes the importance of assessing HRQoL in
long-term diabetes. Additionally, increased numbers of comorbidities and high levels
of HbA1c, were associated with decreased HRQoL scores.

Decreased physical HRQoL
Decreased HRQoL is of great importance. It has been shown that a 1 point decrease in
physical functioning and physical composite scores equals an 9% increase in mortality
risk, a 4% increase in the risk of hospitalization within six months, and a 12% increase
in the risk of being unable to work[13]. As preventive medicine may be initiated in
order to delay or reverse the negative impact on self-assessed health, the importance
of assessing HRQoL is essential in monitoring the self-assessed burden of diabetes.
Decreased HRQoL in people with diabetes has previously been shown in studies from
Croatia, Norway and Australia[5,6,14,15]. However, the previously investigated cohorts
consisted of both type 1 and type 2 diabetes. As patients with type 2 diabetes often
appear with other comorbidities and stereotypical life style, this can have negative
impact on the combined HRQoL[14]. In contrast, a study by Jacobson et al[16] studied
HRQoL in people with type 1 diabetes over an average of 23 years and found no
decrease in HRQoL scores over time. The present study we looked into HRQoL in
patients with type 1 diabetes compared to healthy and we found numerically
decreased and clinically relevant declines in HRQoL for all sub-scores, except social
functioning and a most significant decrease in the physical components. This finding,
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Table 1 Demographics
Type 1 diabetes (n = 48)

Healthy controls (n = 21)

P value

Gender, male n (%)

38 (79)

15 (71)

0.48

Age

50 ± 9

51 ± 6

0.53

Height

178.4 ± 1.2

179.9 ± 1.9

0.51

Weight

90.0 ± 2.3

87.3 ± 4.5

0.56

Right handed n (%)

41 (85)

17 (81)

0.64

Smoking n (%)

10 (21)

4 (19)

0.87

Disease duration

32 (14-51)

HbA1c (IFCC), mmol/mol

65.5 ± 9.7

Numerical data was compared with a t-test and categorical data with a χ2-test.

related to the mixed cohorts, is possibly because people with type 1 diabetes are
found in all social groups, and hence also in all social groups with larger
psychological resources in comparison to people with type 2 diabetes. Contrary,
compared with the study by Jacobson et al[16], we only had a cross-sectional look at
HRQoL and therefore do not know the long-term ramifications for our patient group.

No decrease in mental HRQoL in people with severe diabetic neuropathy
Mental health has received increased recognition in recent years. Studies have shown
that people with type 1 diabetes have a three-fold rate of depression in comparison to
the general population. However, in the current study we did not find a significant
decreased mental composite score, nor in the mental domains of social functioning
and mental health.

Comorbidities decrease HRQoL
The presence of physical disabling diabetic complications such as cardiovascular
events, gastrointestinal dysfunction and neuropathy with or without pain, have been
shown to decrease HRQoL[6,14,17,18]. In a cohort of people with type 1 diabetes who were
followed over 6 years, disease duration and the presence of complications
convincingly decreased the physical composite scores [19] , and the presence of
neuropathy in type 1 diabetes negatively influenced the physical composite score[20],
in line with the impact on the sensory and motor system. Additionally, a study over
17 years in people with type 1 diabetes showed that development of microvascular
complications significantly decreased HRQoL[16]. We showed no association between
the severity of neuropathy and the HRQoL scores, nor with disease severity and
duration. These findings are plausibly biased by the fact that all patients were
included based on severe polyneuropathy. In a study assessing HRQoL in chronic
diseases with the presence of comorbidities, HRQoL was decreased due to the
chronicity, but this was exaggerated as the number of comorbidities increased[21]. In
particular, Bjorner et al[13] showed that number of comorbidities did not affect mental
composite score. The current finding where HRQoL decreased with an increased
number of comorbidities, needs to be considered when preventive medicine and
adequate disease management is planned.

HbA1C decreases HRQoL
Even though HbA1c only indicates the preceding 3-mo’ glycaemic status, it provides
patients and clinicians with an objective measure. Mellerio et al [22] studied the
association between HbA1C and HRQoL in adult people with childhood onset type 1
diabetes. They concluded that no metabolic parameters, including HbA1c, was
predictive of HRQoL, thereby indicating that social impact was more important than
glycaemic control for the well-being[22]. In contrast, the mean disease duration in this
cohort was 32 years and we showed that HRQoL decreased as HbA1c increased,
which may reflect lack of life-long tight glucose control. On the other hand, this could
also reflect the impact of neuropathy and its effect on the ability to tightly control
glucose, thus pointing to HbA1c as a potential marker of complications and not solely
of glucose control. The data on the association between HRQoL and hypoglycaemia is
conflicting. Hypoglycaemic events affects negatively on the individual health, and
quality of life[20]. However, in a larger cohorts of people with type 1 diabetes no
association between hypoglycaemia and HRQoL was shown [20,23] . In contrast, in
younger individuals an association between role limitations due to physical problems
and hypoglycaemic events was reported [18] . Unfortunately, in the current study,
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Figure 1

Figure 1 Comparison of mean SF-36 scores with confidence intervals for people with type 1 diabetes (●) and
healthy participants (▲).

hypoglycaemic episodes were only sparsely recorded (48 h), and therefore it was not
surprisingly, that we did not find any association between the number of
hypoglycaemic events and HRQoL.
Insulin treatment is the core of glycaemic control and management of type 1
diabetes and with the rise of new technologies such as continuous glucose
measurements combined with improved treatment the last couple of years, this has
become easier for the patients. Surprisingly, Hart et al[17] showed that continuous
insulin treatment decreased the mental composite score, due to the stress of regular
blood glucose monitoring. Such findings were not supported by this study, as no
differences in HRQoL were shown between people using insulin pens or pump.

Limitations
This study was not without limitations. Firstly, this study was conducted in a welldefined, middle-aged cohort with verified severe diabetic symmetrical peripheral
neuropathy and thus the results cannot be directly generalised to other patient
groups. Additionally, these were compared with healthy individuals, and therefore
the effects measured may be skewed due to the effect of diabetes alone on SF-36.
Secondly, we used the SF-36 to measure HRQoL assessments. Future studies may use
the diabetes specific quality of life questionnaires and potentially add more insight
into diabetes HRQoL. Lastly, it would have been interesting to study if
hyperglycaemic events were associated to HRQoL in this cohort.

Conclusion
In summary, as hypothesised this study showed a decrease in the physical
components of the HRQoL in a well-defined cohort of people with type 1 diabetes and
severe diabetic symmetrical peripheral neuropathy. To our surprise, no associations
were found in the mental components. Furthermore, decreased HRQoL was
associated to number of co-morbidities and dysregulated glycaemic control, but not to
the severity of neuropathy. This emphasises the importance of considering quality of
life in people with diabetes, especially in those with multiple comorbidities.
Furthermore, it is important to consider HbA1c as a biomarker for complication and
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Figure 2

Figure 2 Correlations between physical and mental composite scores, HbA1c and comorbidities.

thereby indirectly for quality of life.
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Table 2 Associations between 36-Item Short Form Health Survey and HbA1c, comorbidities, both diabetes and non-diabetes related in
patients with type 1 diabetes
HbA1c
Physical functioning

Role limitation physical health

All omorbidities

r

-0.51

-0.58

-0.42

-0.52

< 0.01

< 0.01

< 0.01

< 0.01

-0.44

-0.33

-0.38

p

General health

Non-diabetes related

p
r

Bodily pain

Diabetes elated

< 0.01

0.03

0.01

r

-0.34

-0.48

-0.43

-0.38

p

0.02

< 0.01

< 0.01

0.01

r

-0.41

-0.34

-0.36

p

< 0.01

0.02

0.02

Diabetes related comorbidities includes hypertension, retinopathy, pain, albuminuria, erectile dysfunction and heart and vessel diseases. Non-diabetes
related comorbidities includes hypercholesterolemia, thrombose prophylaxis, operations, reflux, arthritis and arthroses, asthma and allergies, metabolic
diseases, vitamin deficiencies and more.

ARTICLE HIGHLIGHTS
Research background
Diabetic symmetrical peripheral neuropathy is a frequent complication to type 1 diabetes and is
associated to incapacitating complication and decreased lifespan, possibly affecting health
related quality of life (HRQoL). The 36-Item Short Form Health Survey (SF-36) is a generic
patient reported questionnaire, which can be used to evaluate mental and physical HRQoL in
patients with diabetes.

Research motivation
HRQoL is an increasingly acknowledged method in clinical practice, to evaluate patient centred
outcomes in the measurement of disease burden, progression and treatment outcome.

Research objective
To investigate if diabetic neuropathy would decrease physical and mental quality of life
measured with SF-36, and if clinical appearance may be associated with the decline.

Research methods
Baseline data of standardised nerve conduction and SF-36 questionnaire as well as information
on disease duration, number of comorbidities, vibration perception threshold, number of
hypoglycaemic events, HbA1c and administration way of insulin was collected from 48 adults
with verified diabetic symmetrical peripheral neuropathy and 21 healthy participants as part of a
clinical trial.

Research results
People with diabetic symmetrical peripheral neuropathy had a significantly decreased physical
score, but not mental score compared with healthy. Furthermore, this decrease in physical score
was associated with total number of comorbidities, comorbidities relation to diabetes and HbA1c
as well as comorbidities not related to diabetes.

Research conclusions
HRQoL is an important tool for evaluate patient centred outcomes in people with diabetes and is
decreased with diabetic symmetrical peripheral neuropathy but also with increase in symptoms
and suboptimal long-term glucose measures.

Research perspectives
HRQoL is an informative measure for use in investigation of diabetes and related neuropathy or
symptoms in the future.
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Abstract
BACKGROUND
Royal jelly (RJ) has been observed to have therapeutic properties in diabetic
individuals, including the reduction of high blood sugar. This systematic review
synthesized existing evidence to investigate the effectiveness of RJ
supplementation in managing measures of blood glucose.
AIM
To determine the effectiveness of RJ supplementation on glycemic responses in
healthy and non-insulin dependent diabetic adults, as well as animal models of
diabetes.
METHODS
This was a systematic review employing the PRISMA strategy. Peer-reviewed,
published articles were extracted from several databases using key words related
to target population, intervention and outcome and hand-selected for inclusion.
Included articles proceeded to data extraction phase, where information on target
parameters and effectiveness of treatment was summarized. Following this, the
risk of bias for each included study was evaluated. Then, the long-term and
immediate effectiveness of RJ supplementation in glycemic control were assessed
using the Grading of Recommendations, Assessment, Development and
Evaluations (GRADE) tool, which rates the quality of evidence.
RESULTS
Of 168 articles extracted from database searching, eighteen were included for
analysis in this systematic review. Across the studies, studied populations,
intervention styles and outcome measures were largely heterogeneous. Despite
this, the results in studies indicate a general trend of positive effect of RJ in
glycemic regulation in vitro and in vivo. Additionally, some dose-dependent
glycemic effects were observed, along with some large effect sizes. The risk of
bias for human and animal studies is generally low-unclear risk, although lack of
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blinding is a serious concern in both categories. Overall, as per the GRADE tool,
the quality of evidence is low, and very low for long-term and immediate
effectiveness of RJ, respectively. A major limitation affecting evidence quality is
the heterogeneity among included studies. Fasting blood glucose and glucose
clearance appear to be most affected by RJ supplementation.
CONCLUSION
Quality of evidence suggesting that RJ is an effective modulator of glycemic
regulation is low for long-term effects of RJ, and very low for immediate effects.
Key words: Royal jelly; Type 2 diabetes; Dietary supplement; Glycemic control; 10hydroxy-trans-2-decenoic acid; Hyperglycemia; Adults; Animals
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Core tip: Royal jelly (RJ) is a promising natural treatment to improve high blood glucose.
Insulin sensitivity, fasting blood glucose levels, and rate of glucose clearance are among
the glycemic parameters investigated in the current systematic review that are shown to
approach normal levels due to regular RJ intake.
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INTRODUCTION
The incidence of type 2 diabetes (T2D) has drastically increased over the past thirty
years, making it among the most taxing diseases for health agencies worldwide[1-3]. As
of 2017, projections for global prevalence of diabetes in 2030 have already been
surpassed [4,5] . By 2040, the prevalence of T2D is expected to reach 642 million
worldwide[5]. The epidemic is believed to stem from rapid changes in society since the
1980s that promote long periods of inactivity, energy and nutrient overconsumption;
however, further epigenetic and genetic interactions continue to be explored[1,2]. T2D is
heavily associated with cardiovascular disease and obesity, which largely accounts for
the morbidity and mortality in patients with the disease[6]. Thus, to minimize risk of
complications in patients, food intake and concentrations of blood glucose must be
tightly managed[6].
Numerous natural health products, including royal jelly (RJ), have been explored as
potential hypoglycemic agents[7,8]. RJ is a yellow, milky substance secreted by worker
honey bees (Apis mellifera) through cephalic exocrine glands, such as the mandibular
and hypopharyngeal glands[9]. RJ functions to nourish larvae for the first three days
after being reared, although larvae destined to be reproductive queen bees are fed the
material throughout their entire larval and adult life[9]. 10-hydroxy-2-decenoic acid
(10H2DA), a fatty acid unique to RJ, is a major compound of interest in blood glucose
management for its observed hypoglycemic effects[7]. Takikawa et al[7] found that
10H2DA significantly increases non-insulin dependent phosphorylation of AMP
kinase (AMPK) in skeletal muscle, increasing translocation of glucose transporter type
4 (GLUT4) to cell surface and consequently, glucose transport into the cell. An in vivo
study examining life-extending effects of RJ found that 10H2DA induces upregulation
of molecules involved in caloric restriction, reducing energy intake[10]. 10H2DA has
demonstrated interactions with estrogen receptors leading to alterations in gene
expression, potentially including those involved in glucose regulation[11]. The glucose
modulating role of 10H2DA is the most well-investigated mechanism by which RJ
might benefit patients with T2D, although other RJ components, such as sebacic acid,
may also be important.
In addition to in vitro studies, RJ administration has demonstrated therapeutic
potential in human and rodent diabetic models. In a randomized controlled trial,
Khoshpey et al[12] found that daily ingestion of capsules containing 3000 mg RJ for
eight weeks significantly decreased fasting blood glucose (FBG) in diabetic
individuals compared to a placebo group. However, the effects of RJ administration
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on glycemic control outcomes are inconsistent across studies, possibly due to
considerable variation in studied population and intervention. For example, while
Khoshpey et al[12] found no significant change in carbohydrate (CHO) intake in the RJtreated group, Pourmoradian et al[13] found a significant decrease in CHO intake in
diabetic individuals in response to daily ingestion of 1000 mg lyophilized RJ for eight
weeks. Rodent studies have shown a more pronounced effect: Ghanbari et al[14] found
that addition of 100 mg/kg RJ in drinking solution improved circulating insulin and
FBG in diabetic mice to levels similar to the healthy control group. Zamami et al[15]
observed a similar magnitude of effect in insulin-resistant rats following
administration of 300 mg/kg enzymatically treated RJ. It is difficult to apply the
results of rodent studies into a human context due to variation in physiologic
processes, particularly absorption and distribution of nutrients such as 10H2DA[16].
Presently, there is a lack of synthesis and analysis of these human and animal studies
investigating the therapeutic effects of RJ.
This systematic review will investigate the effectiveness of RJ as a therapeutic agent
in individuals with T2D. Specifically, we will assess animal, human and in vitro
studies examining the effects of administration of RJ and its constituents on various
outcomes that relate to glycemic control, such as plasma glucose levels, plasma lipid
levels and hemoglobin A1c (HbA1c) levels in healthy and diabetic individuals.
Included studies will investigate outcomes following both acute and long-term
administration of RJ on glycemic control. The synthesis and evaluation of existing
trials provides individuals and health care professionals with a resource to make
informed decisions regarding T2D therapy. To our knowledge, no systematic review
investigating RJ as a treatment for diabetes exists.

MATERIALS AND METHODS
The guidelines of the 2009 PRISMA model strategy were followed throughout this
review[17].

Search strategy
We conducted a systematic search of peer-reviewed articles relating to the impact of
RJ on glycemic outcomes. A set of keywords were developed by Kamel Omer and
Genevieve Newton to yield trials with study variables that are appropriate for the
research question. These were subsequently searched in five databases: Cochrane
Library, CINAHL Plus, PubMed (via NCBI), Web of Science, and ProQuest. Operator
commands were used to yield studies containing at least one keyword for each
variable within the title or abstract. A review protocol does not exist for this
systematic review.

Selection of articles
Following extraction and compilation of articles from the database results, duplicate
studies were electronically removed. Bibliographies of studies were manually scanned
to capture relevant studies. Titles and abstracts were manually screened and articles
not meeting inclusion criteria were removed. Full text screening was completed for
the remaining articles, where studies not meeting the inclusion criteria were removed.
This was conducted in duplicate by Kamel Omer and Maxwell J Gelkopf; final
decisions were settled by discussion. The resultant articles proceeded to the quality
appraisal stage.

Inclusion criteria
(1) Population: Healthy or diabetic human adults or animal models; (2) Intervention:
Oral administration of RJ or its constituents; (3) Outcomes assessed: Direct measures
of glycemic control or measures pertinent to glycemic control; (4) In vitro studies:
Effects of RJ (or constituents) administration were investigated on an outcome directly
related to glycemic control; (5) Methodology includes control group for comparison
with treatment; and (6) Available in English.

Data extraction
Data on study design, subjects, treatment, and relevant outcomes and results were
abstracted for each included study, where applicable, qualitative and quantitative
details were added to each of these study variables. For subjects, the extracted number
of participants was those that completed the study. Data summaries of each included
study were then classified into one of three different tables, depending on study
population and intervention style. The classifications are: (1) Acute administration
(examining immediate RJ effects) of RJ in human trials; (2) Long-term administration
(examining long-term RJ effects) of RJ in human trials; and (3) Long-term
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administration of RJ in animal trials and in vitro trials.

Risk of bias
For each included human and animal study, the Cochrane Collaboration’s risk of bias
assessment tool was used to determine the risk of bias[18]. The tool covers five prespecified areas of bias: Selection bias (allocation concealment and random sequence
generation), performance bias (blinding of participants and researchers), detection
bias (blinding of outcome assessment), attrition bias (incomplete outcome data), and
reporting bias (selective reporting)[18]. The tool also includes an “other bias” category
for other sources of bias that do not fall within these prespecified areas[18]. For each
area of bias, the tool provides criteria to rate the study as low, high, or unclear risk of
bias. A high risk of bias indicates a high possibility of bias that is likely to impact the
study results, while a low risk suggests negligible risk[18]. An unclear risk of bias
indicates that insufficient information is provided to determine if results are impacted
by bias, but some doubt is raised[18].
Two authors, Kamel Omer and Maxwell J Gelkopf, assessed all included articles to
reach a consensus on the risk of bias for each study. Higgins et al[18] provides a detailed
guide on the ranking procedure, which was applied by reviewers throughout the risk
of bias assessment. Although the tool is designed for human trials, O’Connor and
Sargeant[19] developed a modified version for use in risk of bias assessment of animal
trials. This modified version was used by the reviewers to guide ranking of risk of
bias for the included animal studies. Justification was noted for each judgement,
including paraphrases and direct quotes from the article when available.

Quality of evidence
Following determination of the risk of bias for each study, the Grading of
Recommendations, Assessment, Development and Evaluations (GRADE) tool was
used to rate the overall quality evidence across all included studies for a single
outcome[20]. In this review, GRADE was used to assess the quality of evidence for RJ’s
capacity to manage blood glucose levels following long-term supplementation of RJ as
well as acute effects of RJ administration. The GRADE tool encompasses five domains
to determine overall quality: risk of bias, indirectness to research question,
imprecision of results, inconsistency between studies and publication bias[20].
To represent the GRADE rating, a summary of findings table was created. Ranking
begins at high quality due to the majority of trials being randomized controlled trial
but are gradually degraded if serious concern exists in any of the five domains[20].
Ranking can also be upgraded if there is no plausible confounding bias, or if
magnitude of effect is large or dose-dependent[20]. The overall ranking is determined
by number and magnitude of all downgrades and upgrades [20] . Each of the four
possible rankings directly correspond to a certain overall quality of evidence (very
low, low, moderate, high)[19]. Ryan and Hill[21] provide criteria for what constitutes a
concern in these domains, which was used as a guide for reviewers when determining
the GRADE ranking. To factor animal studies in, a modified version of GRADE for
animal studies developed by Wei et al[22] was used. Kamel Omer and Genevieve
Newton reached a consensus on the GRADE score based on criteria and justification
was provided for each decision on the summary of findings table.

Summary measures
To determine effect size and the precision of the quantitative data of the study results,
appropriate measures were manually calculated. Standardized mean difference (SMD,
also known as Cohen’s d) was calculated as described by Faraone[23] using a pooled
standard deviation and sample means of the treatment and placebo group to estimate
magnitude of treatment effect. A large effect size constitutes a SMD of > 0.8, while a
small effect size is considered to have a SMD of < 0.2; all values in between are
medium effect sizes[23]. A negative value indicates that the treatment reduces the
parameter being investigated[23]. The SMD was calculated for values taken at the
endpoint of the study. For studies with multiple treatment groups, the SMD was
calculated for the group with highest dosage. Where numerical values were
unavailable, values were interpolated from provided graphs. If values were reported
as medians, these were used in place of the mean throughout the effect size
calculation. As part of the GRADE evaluation, 95%CIs of SMDs for long-term,
hypoglycemic outcomes were calculated to assess imprecision of the effect sizes. For
simplicity of evaluation and comparison, SMDs were reported in this review for
statistically significant outcomes only.

RESULTS
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Study selection
The pre-specified search strategy was conducted on March 21st, 2018, yielding 168
results. Grey literature databases were searched, but no pertinent articles were found.
One study was captured from scanning the bibliographies of collected studies. After
removal of duplicates, the total number of unique studies was determined to be 83.
These studies went on to the title and abstract screening. Fifty-seven studies were
removed due to not meeting the inclusion criteria at this stage. The remaining 26
underwent a full-text screening to determine eligibility. Of these 26, eight were
excluded: two because they were not written in English, two for assessing outcomes
not related to glycemic control, one because it lacked an oral intervention in treatment
groups, one because the study design did not have a control group, one because it
lacked an intervention, and one because it did not target the desired population for
this review. The resultant 18 articles were included in the systematic literature review
for quality of evidence appraisal (Figure 1).

Study characteristics
Following the systematic search, study characteristics, including intervention style,
length, participants and results were manually extracted and summarized into the
Tables 1, 2 and 3[24-36].

Risk of bias within studies
For human trials, the pre-specified areas of bias are generally low risk. The biggest
source of concern for bias stems from the lack of transparency of measures taken to
prevent a given area of bias. This was particularly evident in the allocation
concealment category, as evidenced by the high proportion of human trials at high or
unclear risk in that category (Figure 2). Moreover, although many studies claimed that
participants and personnel were blinded, description of the actual blinding
methodology was rarely provided, suggesting that performance and detection bias
are considerable concerns among included human studies. The next biggest source of
concern for bias is apparent in the “other bias” section-this is largely due to
confounding bias arising from the recruitment of participants from a single source
(e.g., common hospital). Overall, of the human trials, domains of bias at high risk are
relatively few.
Across the animal studies, the risk of bias is a notably bigger concern. One hundred
percent of the studies are considered high risk of detection bias (i.e., group allocations
known to outcome assessors), potentially due to blinding being uncommon in animal
studies (Figure 3). Attrition bias is another serious concern across the animal studies;
most included animal studies excluded some individual subjects from analysis
without any explanation. Performance and selection bias, however, are well
accounted for in the included animal studies, with nearly 100% of both domains at
low risk. Like human trials, reporting bias is not a serious concern in the animal trials
(Figure 4).

Overall quality of evidence
The quality of evidence was evaluated as per the GRADE criteria with results shown
in Tables 4 and 5. This evaluation integrated study results with risk of bias across all
studies included in this review.

Effectiveness
Direct measures of glycemic control (FBG, glucose clearance rate, insulin levels)
appear to be appreciably impacted by RJ administration. Most of the included studies
which examined FBG and rate of glucose clearance observed significant change from
baseline due to oral supplementation of RJ. Of these results, the majority had large
effect size estimates, substantiating the role of the intervention in the observations.
Most of the studies investigating insulin levels also reported a beneficial effect.
Furthermore, in studies with multiple experimental groups, a dose-response
relationship was observed in plasma insulin levels and rate of glucose clearance, but
not FBG levels. Abnormal regulation of these parameters give rise to other secondary
conditions associated with T2D, such as high levels of HbA1c.
The beneficial effect of RJ supplementation was demonstrated by improved indirect
measures of glycemic control. These indirect measures are precursors (e.g., high
circulating fat) or indicators (e.g., HbA1c) of hyperglycemia. The effectiveness of RJ
administration in improving these parameters was not as apparent, as there was no
clear trend in outcome responses to RJ treatment. However, when significant changes
were detected in the experimental group, these results mostly had large effect
magnitude estimates. The inconsistency between observed effects may be due to
heterogeneity among the included studies.
The wide range of supplementation forms included in the evidence may explain
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Figure 1

Figure 1 Flow diagram summarizing study selection process.

some of the observed inconsistency between results. For example, many studies used
lyophilized RJ, which is known to be chemically different and less bioactive compared
to fresh RJ[27,37]. Numerous clinical trials used enteric coated capsules to deliver RJ,
which is known to alter pharmacodynamic properties of compounds[38]. Some animal
and human studies added the supplementation to meals, which may affect
effectiveness due to food-drug interactions[39]. When similar populations were studied,
some outcomes showed reduced, negated or contradictory effects in response to RJ as
compared to 10H2DA and vice versa, such as between Yoshida et al[36] and Watadani
et al [35] . This circumstance indicates the possibility of RJ constituents having
interactions amplifying or diminishing effectiveness of certain glycemic outcomes.
Due to the different investigation types and subjects across the included studies, it
is important to contextualize the effectiveness for the different populations. The
largest improvements to blood glucose were observed in diabetic models, both human
and animals. Healthy (human) models had some improvements in blood-glucose
parameters; however, for most normal blood-glucose parameters, there is a limit on
the possible difference from baseline. Only one in vitro was included and was used in
this review primarily to elucidate mechanisms and support the in vivo results. Thus,
the effectiveness of RJ as a glycemic regulator was determined through the lens of
diabetic human patients, with the other populations used to support the findings.
Mostly displayed in the rodent trials, there was a marked difference on
effectiveness of RJ administration between studies that investigated the effects of RJ
between genders, with greater efficacy seen in males. The divergent effects may
potentially be due to the estrogenic activity of compounds derived from RJ,
particularly 10H2DA and a sterol, 24-methylenecholesterol [11] . These have weak
affinity for estrogen receptors that induce changes in gene expression[11]. Because these
compounds would compete with endogenous estrogen for receptor binding, RJ may
not be effective in individuals with elevated estrogen levels (i.e., premenopausal
females). Correspondingly, estrogen perfusion has previously been linked to
improved hyperglycemic symptoms in postmenopausal females and males, which is
consistent with the evidence in this review[40,41].
Although very few participants in the included study reported undesirable effects
of RJ consumption, potential adverse effects in humans are an important factor in
their feasibility as a glycemic regulator. One case report found an association between
haemorrhagic colitis and daily RJ intake, which had never been documented
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Table 1 Human trials examining acute effects of royal jelly treatment
Ref.

Study design

Iaconelli et al[24]

Mobasseri et al[25]

Crossover study

Randomized controlled
trial

Subjects

Treatment

N = 10 + 10 healthy
Each subject went
individuals and
through three studies on
individuals with type 2 different days: 0 g, 12 g,
diabetes
or 23 g of sebacic acid
substituted fats in a
meal

N = 20 + 20 adults with
type 2 diabetes aged 3065 in control and
treatment groups

15 g of royal jelly
ingested orally after
overnight fasting

Outcome measures

Effectiveness

Glucose clearance:
Postprandial

Significantly improved
glucose clearance in
diabetic subjects only in
dose-dependent manner
(d = -1.70)

Insulin
secretion/clearance rate

Significantly improved
GLUT4 expression (d =
0.81) and glucose uptake
in L6 cells (d = 0.67)

GLUT4 expression in L6
myotube cells

Insulin
secretion/clearance
decreases significantly
in similar fashion
between healthy and
diabetic patients. Doseresponse relationship.
For diabetics, d = -1.12

Hyperglycemia: Fasting No significant difference
blood glucose, glucose
in outcome measures
clearance after royal
between two groups
jelly consumption
Hyperinsulinemia:
Serum c-peptide and
insulin

Münstedt et al[26]

Controlled trial

N= 10 + 10 healthy
males, split into
experimental and
control groups

20 g of fresh royal jelly
ingested orally

Glucose clearance:
Significantly increased
Plasma samples during rate of glucose clearance
OGTT
(insufficient information
for effect size
calculation)
Insulin resistance:
Serum insulin and cpeptide

Münstedt et al[27]

Randomized controlled
trial

N = 15 healthy male
adults aged 20-34,
unspecified distribution
between treatment and
control groups

No significant change in
serum insulin profile

0.55 g lyophilized royal Hyperglycemia: Glucose
Improved glucose
jelly in enteric-coated
clearance (OGTT)
clearance and decreased
capsule ingested orally
plasma insulin,
Insulin resistance:
unspecified statistical
Serum insulin and csignificance (insufficient
peptide
information for effect
size calculation)

OGTT: Oral glucose tolerance test; GLUT4: Glucose transporter type 4.

previously[42]. Bronchospasm and anaphylaxis have also been noted in individual
cases [43,44] . The aforementioned cases are possibly due to allergic reactions to RJ
proteins[42,43,44]. Harmful RJ-drug interactions should be considered; consuming RJ
while taking warfarin has been associated with hematuria[45].

DISCUSSION
The present systematic review suggests that RJ has a positive effect on both direct and
indirect measures of glycemic control in diabetic and healthy individuals. This
general trend was observed in both animal and adult human trials but was more
pronounced in the former. In healthy individuals, supplementation of RJ may reduce
risk of developing hyperglycemia and insulin resistance. With the evidence presented,
RJ is likely more effective as a long-term dietary supplement rather than for acute
treatment of hyperglycemia. Effective clinical doses appear to be as low as 1000 mg of
fresh RJ daily for diabetic humans, but true values may vary between individuals and
supplementation form.

Regulation of glycemic control by 10H2DA
In a normal state, intracellular protein-protein interactions arising from insulin
binding to its surface receptor are critical to blood glucose regulation[46,47]. One major
result of the signaling cascade induced by insulin on various tissue types is the
translocation of the GLUT4 glucose transporter to the cell surface, which works to
import glucose into the cell[46]. The insulin-dependent pathway also modifies gene
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Table 2 Human trials examining effects of long-term royal jelly treatment
Ref.
Khoshpey et al[12]

Mobasseri et al[28]

Morita et al[29]

Study design

Subjects

Treatment

Outcome measures

Effectiveness

Randomized doubleblind controlled trial

N = 11 females + 12
males aged 20-65 with
type 2 diabetes in
control group (placebo)

3000 mg royal jelly oral
capsules once per day
for 8 wk. Control
received placebo

Macronutrient intake

No significant change in
macronutrient intake

N = 13 females + 10
males aged 20-65 with
type 2 diabetes in
treatment group

Hyperglycemia: Fasting
blood glucose

Fasting blood glucose
significantly reduced in
comparison to control
group (d = -0.87)

Randomized controlled N = 25 + 25 females with
200 mg royal jelly
trial
type 2 diabetes aged 30- powder prepared in gel
65 in control and
form and served with
treatment groups
breakfast for 8 wk.
Control group received
placebo

Plasma triglyceride

Significantly decreased
plasma triglyceride in
comparison to control (d
= -0.476)

Body weight: BMI

Significantly improved
fasting blood glucose (d
= -0.9596)

Insulin resistance:
HOMA-IR

No significant changes
in other outcomes of
interest

Randomized doubleblind controlled trial

N = 30 healthy adults
3000 mg royal jelly in
42-83 yr of age in control 100 mL liquid daily for 6
(placebo)
mo. Control received
placebo identical in
N = 31 healthy adults
appearance
42-83 yr of age in
treatment group

Hyperglycemia: HbA1c,
fasting blood glucose
Plasma triglyceride
Pourmoradian et al[13]

Human double-blinded N = 23 females aged 30randomized clinical trial 65 with type 2 diabetes
in treatment group

N = 22 females aged 3065 with type 2 diabetes
in control group

Pourmoradian et al[30]

Human double-blinded
randomized controlled
trial

N = 21 females aged 3065 with type 2 diabetes
in treatment group

1000 mg lyophilized
royal jelly in soft gel
form served after
breakfast for 8 wk.
Control group received
placebo soft gel

1000 mg lyophilized
royal jelly in soft gel
form served after
breakfast for 8 wk.
Control group received
placebo soft gel

N = 20 females aged 3065 with type 2 diabetes
in control group

Shidfar et al[31]

Human double-blinded N = 23 + 23 adults 25-65
1000 mg royal jelly in
randomized controlled
yr old with type 2
soft gelatin capsules 3
trial
diabetes in experimental
times daily for 8 wk.
and control (placebo)
Control group received
groups
placebo identical in
appearance to treatment

Body weight: weight
scale before and after
study period

Significantly decreased
body weight within
same group, before and
after intervention (d = 0.3808)

Macronutrient intake:
24-h recall food
questionnaire for 3 d
before and after study
period

Significantly decreased
energy intake within
same group, before and
after intervention (d = 9.52)

Plasma insulin

Significantly decreased
plasma insulin and
HbA1c and
insignificantly
decreased fasting blood
glucose compared to
baseline within same
group, before and after
intervention.

HbA1c

d = 0.016 (HbA1c)

Hyperglycemia: Fasting
blood glucose

d = -0.0785 (plasma
insulin)

Fasting blood sugar

Significantly decreased
fasting blood levels to
more normal range (d =
-0.3725)

Macronutrient intake:
24-h recall diet
questionnaire

Did not significantly
alter macronutrient
intake

Insulin resistance:
HOMA-IR

Significantly decreased
HOMA-IR: improved
insulin sensitivity (d = 0.79)

RJ: Royal jelly; HOMA-IR: Homeostatic model assessment of insulin resistance; BMI: Body mass index; HbA1c: Hemoglobin A1c.

expression and protein activity such as those involved in glycogen breakdown[46].
Insulin receptor substrate (IRS) proteins are key intermediates in the pathway[47]. With
elevated levels of circulating fatty acids as in diabetic individuals, phosphorylation of
IRS proteins is inhibited via activation of protein kinase C (PKC)[47,48]. As a result of
decreased sensitivity to insulin, the cellular responses involved in regulating blood

WJD

https://www.wjgnet.com

103

February 15, 2019

Volume 10

Issue 2

Omer K et al. Royal jelly consumption to regulate hyperglycemia

Table 3 Animal and in vitro trials examining effects of long-term royal jelly treatment
Ref.
Ghanbari et al[14]

Study design

Subjects

Treatment

Outcome measures

Randomized controlled
trial

N = 8 healthy male
Wistar rats aged 10-12
wk (control)

100 mg/kg BW royal
jelly dissolved in 1 mL
of water daily for 6 wk

Hyperinsulinemia:
ELISA test on plasma
sample

Effectiveness

Treatment significantly
improved insulin levels
(d = 1.67) and
hyperglycemic fasting
Hyperglycemia: Fasting
blood glucose (d = -2.72)
plasma glucose
levels to levels similar to
healthy control group

N = 8 diabetic male
Wistar rats aged 10-12
wk
N = 8 healthy male
Wistar rats aged 10-12
wk receiving treatment
N = 8 diabetic male
Wistar rats aged 10-12
wk receiving treatment
Fujii et al[32]

Membrez et al[33]

Controlled trial

N = 80 male
streptozotocin-diabetic
rats aged 5 wk equally
split into three
experimental groups
and one control group

Each experimental
group had one of 1, 10,
and 100 mg/kg body
weight royal jelly
administered orally by
force for 4 wk. Control
group received purified
water

Hyperglycemia: Blood
glucose (unknown
whether fasting)

Royal jelly
administration overall
slightly decreased blood
glucose levels in nondose dependent manner
(no information on
statistical significance)

Body weight

No significant change in
body weight between
groups

Randomized controlled N = 15 male db/db mice 1 g/kg body weight of Hyperglycemia: OGTT
trial
aged 6-8 wk in control sebacic acid was added
and fasting (plasma
group
to chow food in one
samples)
experimental group, and
N = 30 male db/db mice
HbA1c: Plasma samples
10 g/kg body weight SA
aged 6-8 wk equally
to second experimental Liver gene expression:
split in two
RNA extracted from
group’s chow for 6 wk
experimental groups
liver samples
Food intake: Chow
consumed

Takikawa et al[7]

Yoneshiro et al[34]

WJD
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L6 myotubes grown in
cell culture and
collected from healthy
male mice 7 wk of age

Cell cultured myotubes
treated with 10H2DA

N = 8 3-wk old healthy
male mice (control)

High fat diet with 5%
lyophilized royal jelly
powder for 17 wk

In more heavily
supplemented group:
Hyperglycemia
significantly improved
(d = -1.86) and
improved glucose
clearance (d = -3.20),
HbA1c significantly
decreased (d = -1.89),
ketone bodies
significantly increased
(d = 1.16), dose response
relationship observed,
gluconeogenic and
lipogenic enzyme
expression significantly
decreased (insufficient
information for SMD
estimation), food intake
was significantly
decreased (d = -1.82).

Glucose clearance:
GLUT4 translocation to
plasma membrane

Significantly improved
GLUT4 translocation to
plasma membrane in
skeletal muscle cells
compared to nontreated myotube cells (d
= 0.4698)

Body weight gain

Body weight gain due to
white adipose tissue
significantly reduced
compared to HFD group
(d = -2.82)

N = 11 3-wk old healthy
male mice fed HFD

Hyperlipidemia: Plasma
sample

Significantly decreased
levels of NEFA
compared to HFD (d = 1.6072)

N = 11 3-wk old healthy
male mice fed high fat
diet with treatment

Hyperglycemia: Plasma
sample

Significantly improved
hyperglycemia
compared to HFD group
(d = -2.04)

Insulin resistance:
HOMA-IR

HOMA-IR significantly
decreased compared to
HFD group, not
significantly different
from control group (d =
-1.23)

Mice fed 1.6 mmol/kg
10H2DA
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Zamami et al[15]

Controlled trial

N = 6 6-wk old healthy
male Wistar rats
(control, received water)
N = 5 6-wk old healthy
male Wistar rats as
vehicle-treated group
(received high fructose
consumption)

Two experimental
groups: One fed 100
mg/kg and the other
300 mg/kg of dilute
enzymatically treated
royal jelly
supplementation daily
for 8 wk

N = 6 + 6 6-wk old
healthy male Wistar rats
(received high fructose
consumption) in two
treatment groups

Watadani et al[35]

Controlled trial

N = 7 female KK-Ay
mice 5 wk of age in
control group

3 mg/kg 10H2DA for 4
wk

N = 8 female KK-Ay
mice 5 wk of age in
treatment group

Yoshida et al[36]

Controlled trial

16 female KK-Ay mice
split into control and
experimental groups

Insulin resistance:
HOMA-IR

High fructose diet
induced insulin
resistance in rats

Food intake

Plasma insulin levels
and HOMA-IR similar
between healthy control
group and fructose
drinking rats
supplemented with 300
mg/kg royal jelly. Dose
dependent relationship
observed d = -0.7063
(effect size of 300 mg/kg
royal jelly on fructose
drinking rats)

Body weight

No significant difference
in body weight and FBG
between groups

Plasma triglycerides

Plasma triglycerides
significantly decreased
compared to control
dose-dependently (d = 1.62)

Hyperglycemia: Plasma
glucose samples
collected in intervals
after OGTT

Significantly improved
glucose clearance (d = 1.33) and fasting blood
glucose (d = -1.23)

Body weight: Adiposity
index of abdominal,
mesenteric and
retroperitoneal fat tissue

Body weight did not
differ between groups

Insulin resistance:
HOMA-IR

Significantly improved
insulin sensitivity (d = 4.44)

Glucose regulatory
proteins: AMPK,
G6Pase, Pck1 levels,
GLUT4, GS/GSK in
tissue homogenates

Significantly increased
levels of G6Pase (d =
1.22) and Pck1(d = 0.77)
mRNA in liver cells.
Significantly increased
levels of pAMPK in
muscle (d = 3.13), but no
change in liver.
Insignificant increase in
GLUT4 in muscle cells.
No change in GS/GSK
levels between groups

10 mg/kg royal jelly in
1/15M phosphate buffer
5 d/wk for 4 wk

Significantly improved
rates of glucose
clearance (d = -1.25)
Insignificantly
decreased body weight
Significantly increased
pAMPK levels in liver
(d = 2.39) and skeletal
muscle (d = 1.73).
Significantly decreased
G6Pase mRNA levels in
liver (d = -1.65), but no
change in Pck mRNA
levels. Insignificantly
increased GLUT4 levels
in skeletal muscle
Significantly decreased
plasma NEFA (d = 1.42). No change in
plasma TG
No significant change in
plasma insulin

GLUT4: Glucose transporter type-4; 10H2DA: 10-hydroxydecanonic acid; OGTT: Oral glucose tolerance test; HOMA-IR: Homeostatic model assessment of
insulin resistance; GS(K): Glycogen synthase (kinase); AMPK: AMP-dependent kinase; NEFA: Non-esterified fatty acids; HFD: High fat diet.
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Figure 2

Figure 2 Risk of bias graph showing proportion of bias risk ratings across all included human studies.

glucose are impaired, leading to hyperglycemia[48].
Intracellular AMPK, which induces similar glycemic responses to insulin in a noninsulin dependent pathway, has been observed to be activated by 10H2DA, the fatty
acid derived from RJ that is thought to underlie its glycemic effects[7,49]. Takikawa et
al [ 7 ] found AMPK to be activated by 10H2DA via activation of CaMKKβ
(calcium/calmodulin-dependent protein kinase kinase beta). In skeletal muscle,
pathways mediated by AMPK have been observed to increase GLUT4 gene
expression and translocation[7,50]. In addition to this, AMPK-mediated regulation of
GLUT4 has been observed to improve insulin-stimulated GLUT4 regulation, thus
potentially improving response (sensitivity) of insulin receptors bound to ligand[51].
Moreover, activated AMPK in adipocytes and skeletal muscle are also responsible for
enhancing enzymes involved in fatty acid oxidation, thus potentially leading to a
decrease in body weight and circulating fatty acids[36]. Finally, in Yoshida et al[36],
increased levels of AMPK following oral administration in mice appeared to stunt
activity of glucose-6-phosphatase in hepatocytes, thus suggesting that the kinase can
also regulate gluconeogenesis (and therefore glucose export) independently of insulin.
By activating an enzyme that works to increase cellular energy levels in the cell,
10H2DA from RJ may mediate the desired hypoglycemic effects in diabetic subjects.
In the hypothalamus, AMPK plays an important regulatory role in food intake[52].
When activated, a signaling cascade that leads to increased energy intake is
initiated[53]. Downstream of this cascade, mammalian target of rapamycin (mTOR)
signaling is known to play a direct and important role[52]. However, in the presence of
10H2DA, mTOR activity has been observed to be decreased in vitro, resulting in
decreased energy intake in hypothalamic cells[10,53]. The beneficial effect of RJ on food
intake and body weight is observed in Pourmoradian et al[13], where both parameters
were significantly decreased in diabetic female subjects. Following a decrease in
macronutrient intake, there is a decrease in fatty acid synthesis and circulating lipids,
leading to a decrease in activation of PKC. Thus, RJ’s possible action to decrease body
weight and food intake is a mechanism that adds to its beneficial effects on glycemic
regulation.
As previously mentioned, rodent studies showed a difference between
effectiveness of RJ as administered to males compared to females. Fatty acids and
sterols in RJ putatively have weak affinity for estrogen receptors, which when
activated principally affect gene expression[11,54]. In addition to affecting transcriptional
and translational activity that may regulate glycemic activity, estrogen receptors are
able to induce activation of AMPK intracellularly[54]. Moreover, activated estrogen
receptors in skeletal muscle have been shown to amplify GLUT4 translocation[54]. In
the hypothalamus, estrogen suppresses energy intake through mechanisms not fully
understood[54]. Thus, in accord with the evidence collected in this systematic review,
activation of estrogen receptors in the body work to increase energy expenditure and
decrease energy intake[54].

Study limitations
Generally, the principal limitation within the included evidence is the wide range of
intervention methodology between the included studies. Although this heterogeneity
provides data on the various ways to supplement RJ orally (e.g., prandial), there may
not be sufficient evidence for one particular intervention method, including duration
and dosage of supplementation, to be adopted by health care providers or
researchers. As previously described, this variation in intervention methodology also
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Figure 3

Figure 3 Risk of bias graph showing proportion of bias risk ratings across all included animal studies.

likely contributes to the inconsistency across study results. Moreover, outcomes
associated with different interventions at times contradict each other-Watadani et al[35]
observed significantly increased expression of G6Pase in liver cells following 10H2DA
administration, while Yoshida et al[36] observed significantly decreased expression of
G6Pase in liver cells following RJ administration. The source of RJ also differs
between studies, which is a potential confounder of the evidence, as the chemical
composition of RJ is known to differ between time of year, honeybee age, and
geographic location [55] .Thus, the inconsistency across intervention methods and
resultant outcomes is a notable limitation of the overall evidence.
Across human studies, limitations exist largely due to the study populations.
Although most of the clinical trials included a balance of male and females, few
studies examined exclusively females, and none examined males exclusively.
Considering RJ’s potential estrogenic activity, a comparison of effects on male and
female populations might have provided clearer evidence on the effectiveness of RJ as
treatment for diabetes. Notably, the animal studies, which examined exclusively
either male or female rodents, displayed differential responses to similar treatment
between sexes. Similarly, the age ranges of included subjects in the included trials
were relatively wide; inclusion criteria based on tighter ranges (e.g., younger adults,
menopausal women) might have determined if certain groups are more affected by
the treatment than others, once again potentially due to RJ’s activation of estrogen
receptors. Moreover, the exclusion and inclusion criteria of the clinical trials affect the
generalizability of RJ as treatment for diabetes: For example, many studies excluded
individuals who had not taken glucose-lowering medications, or those who had
diabetes for a certain length of time. Information on quality of participant dietary
patterns and management of diabetes were rarely provided in the included studies
but have a large impact on the effect of a supplement such as RJ. These factors are all
important when considering the external validity of the synthesized evidence for
clinical application.
The main limitation associated with animal studies is the physiological variability
between animals and humans. Rodent studies, which comprise a considerable portion
of the evidence, are good models of T2D in humans, but lack key pathologies in the
disease, including pathologies found in pancreatic islets, the secretion site of insulin[8].
Moreover, when investigating the effects of an oral agent such as RJ, bioavailability is
critical: absorption, distribution and metabolism of nutrients such as fatty acids found
in RJ may vary between rodents and humans[16]. Our preliminary research indicates
that bioavailability and metabolism of RJ in human models has not yet been
established, so the enhanced response of RJ observed in animal trials may not be
applicable to human patients.
Another limitation stems from the similarity between aspects of some studies. A
considerable number of the included studies share the same authors, such as
Pourmoradian et al[13], Pourmoradian et al[30], Mobasseri et al[28], and Mobasseri et al[25].
As a result, there is noteworthy overlap in the methodology of these studies, although
different outcomes are assessed in each. In maintaining very similar study population
and methodology, there is the potential for similar undetected bias to affect the results
of these studies. Because it presents the risk of the overall evidence misrepresenting
RJ’s true effect, overlapping methodology between studies is an important factor to
consider when interpreting the evidence.

Review limitations
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Figure 4

Figure 4 Risk of bias summary: Judgements about each risk of bias item for all included in vivo studies.

The evidence synthesized in this review relied completely on the included studies,
which may be unrepresentative of RJ’s true effect on the probed outcomes. The
exclusion of non-English studies may have removed a considerable number of
studies; this is a concern particularly for this topic because almost all the included
studies have non-English speaking origins. Also, despite having known insulin-like
properties and thus potentially a role in glycemic regulation, no studies on RJ proteins
were included in this review[56]. Lastly, while this review focused on RJ as a dietary
supplement, other forms of administration (e.g., topical) may improve effectiveness or
bioavailability.
In conclusion, RJ supplementation presents promising potential for treatment of
glycemic T2D symptoms. The evidence synthesized in this review complements
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Table 4 GRADE assessment for long-term effectiveness of RJ treatment on glycemic control
GRADE criteria

Rating

Support for judgement

Overall quality of evidence

Only one study had low RoB for all
categories. Most studies had at least
one item at high or unclear RoB

High

Generally, positive clinical effects
demonstrated but some studies
indicate null effects. There are also
large variations in magnitude of
effect. Heterogeneity is notable
between the studies (in population,
intervention and outcome
assessment)

Moderate

Evidence synthesized from studies
addresses review question with
respect to population, interventions
and outcome

Low1

All studies have groups with small
sample sizes (≤ 20), with no
indication that they meet required
sample sizes to detect difference in
outcome; observable but statistically
insignificant measures in many
studies suggest sample sizes were too
small to detect difference. 95%
confidence intervals of effect size
estimates mostly suggest an
appreciable benefit for treatment, but
there are several that suggest
possibility of no meaningful effect

Very low

Outcome: Long term glycemic control (n = 14 studies)
RoB (assessed on Cochrane RoB
Collaboration Tool)

No
Serious (-1)1
Very serious (-2)

Inconsistency

No
Serious (-1) 1
Very serious (-2)

No1

Indirectness

Serious (-1)
Very serious (-2)
Imprecision

No
Serious (-1)
Very serious (-2) 1

Undetected1

Publication bias

There is chance of publication bias
considering the review is entirely
“small-scale” trials; this area of
research is not well-established and
there is potential for publication bias,
but none was overtly detected

Strongly suspected (-1)

Large effect (+11 or +2)

Other

1

Dose response (+1 or +2)
No plausible confounding (+1 or +2)

Standardized mean difference of
studies (effect size) indicates large
magnitude of effect of treatment.
Dose-response relationships
observed

1

Indicates decision. RoB: Risk of Bias. Adapted from Ryan and Hill[21] and Wei et al[22].

existing research that demonstrates other therapeutic effects of RJ administration in
T2D symptoms, such as oxidative stress, impaired wound-healing and
inflammation[32,57,58]. Future studies should examine the pharmacodynamic properties
of RJ, particularly with respect to dosage forms, effectiveness and bioavailability in
different populations to further elucidate the effectiveness of RJ as a therapeutic agent
of hyperglycemia.
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Table 5 GRADE assessment for acute effects of RJ administration on glycemic control
GRADE criteria

Rating

Support for judgement

Overall quality of evidence

Majority of studies had overall high
RoB, likely affecting the study results

High

Outcome effects are somewhat
consistent, and studied population
are similar enough to not be
considered detrimental to evidence
quality. Intervention, however, was
heterogeneous across all relevant
studies

Moderate

Research question is addressed by
majority of the animal studies

Low

All studies have groups with small
sample sizes (≤ 20), with no
indication that they meet required
sample sizes to detect difference in
outcome. For those with calculable
effect sizes, the confidence intervals
suggest potential for no appreciable
benefit

Very low1

Outcomes: Acute glycemic control outcomes (n = 4 studies)
RoB (assessed on Cochrane RoB
Collaboration Tool)

No
Serious (-1)
Very serious (-2)1

Inconsistency

No
Serious (-1) 1
Very serious (-2)

No1

Indirectness

Serious (-1)
Very serious (-2)
Imprecision

No
Serious (-1)
Very serious (-2) 1

Undetected1

Publication bias

There is chance of publication bias
considering the review is entirely
“small-scale” trials; this area of
research is not well-established and
there is potential for publication bias,
but none was overtly detected

Strongly suspected (-1)

Other

Large effect (+1 or +2)
Dose response (+1 or +2)
No plausible confounding (+1 or +2)

Some dose response relationships
observed, however not enough
studies to confirm this relationship.
Insufficient effect size estimates to
determine if effect is large or not

1

Indicates decision. RoB: Risk of Bias. Adapted from Ryan and Hill[21] and Wei et al[22].

ARTICLE HIGHLIGHTS
Research background
Existing evidence suggests that royal jelly (RJ) is a promising therapeutic option in
hyperglycemic cases. Few studies have specifically examined the clinical viability of RJ as
treatment, and no study has critically analyzed the existing evidence. Knowledge of the factors
that influence effectiveness of RJ intake provides an alternative treatment for hyperglycemia,
which is often associated with diabetes.

Research motivation
This systematic review demonstrated that the intervention style (e.g., length of supplementation,
ingestion form) as well as pre-existing patient characteristics may be important factors in its
effectiveness, and future research should further investigate these factors to inform patients and
health care providers.

Research objectives
This review sought to examine whether there is support for RJ as a glycemic regulator in models
of type 2 diabetes as well as healthy individuals. Our analysis found that the existing evidence
suggests that RJ is a promising therapeutic option in hyperglycemic cases, with effective doses as
low as 1000 mg of fresh RJ daily for diabetic patients.

Research methods
This was a systematic review employing the PRISMA strategy. Five databases were searched
using keywords pertinent to the research objectives. Two reviewers conducted full-text screening
to select included articles that met eligibility criteria. Relevant information (i.e., intervention
style, results, participant characteristics) was extracted from the included articles. Risk of bias
was assessed by two reviewers. GRADE, a novel tool developed by Cochrane used to assess
overall quality of evidence, was also determined by two reviewers.
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Research results
Effective doses of RJ may be as low as 1000 mg of fresh RJ for a diabetic patient. Overall, the
quality of evidence for RJ as a treatment is low for long-term effectiveness, and very low for
acute effects of RJ consumption.

Research conclusions
Synthesis and analysis of existing studies shows that RJ may be viable as part of a treatment plan
in lowering blood sugar. Due to the heterogeneity in studied population and intervention, RJ
may have more pronounced effects in certain dosage forms ( e.g ., fresh RJ) and in certain
populations (e.g., postmenopausal females). This information may be useful for individuals and
health care practitioners wishing to explore hyperglycemia treatment options.

Research perspectives
Future clinical trials should consider the potential effects of intervention form and length, as well
as the effect of participant characteristics to clarify which patient populations or conditions
would benefit most from RJ supplementation.
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Abstract
BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) is a common comorbidity with type 2
diabetes. The existing therapeutic options for NAFLD are not adequate.
Hypocaloric diet and exercise is the cornerstone of therapy in NAFLD.
Pioglitazone is the only drug recommended in diabetes patients with biopsy
proven non-alcoholic steatohepatitis. The frequent coexistence of NAFLD and
type 2 diabetes with their combined adverse health consequences and inadequate
therapeutic options makes it necessary to search for newer alternatives.
AIM
To assess the effect of sodium glucose cotransporter-2 (SGLT-2) inhibitors on liver
enzymes in type 2 diabetes patients with NAFLD.
METHODS
We searched PubMed/MEDLINE, Cochrane library, Google scholar, and
Clinicaltrials.gov for the relevant articles to be included in this systematic review.
Human studies done in type 2 diabetes patients with NAFLD treated with SGLT2 inhibitors for at least 12 wk were included. Data from eight studies (four
randomised controlled trials and four observational studies) were extracted and a
narrative synthesis was done. A total of 214 patients were treated with SGLT-2
inhibitors in these studies (94 in randomised controlled trials and 120 in
observational studies).
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RESULTS
The primary outcome measure was change in serum alanine aminotransferase
level. Out of eight studies, seven studies showed a significant decrease in serum
alanine aminotransferase level. Most of the studies revealed reduction in serum
level of other liver enzymes like aspartate aminotransferase and gamma glutamyl
transferase. Five studies that reported a change in hepatic fat exhibited a
significant reduction in hepatic fat content in those treated with SGLT-2
inhibitors. Likewise, among the three studies that evaluated a change in indices
of hepatic fibrosis, two studies revealed a significant improvement in liver
fibrosis. Moreover, there was an improvement in obesity, insulin resistance,
glycaemia, and lipid parameters in those subjects taking SGLT-2 inhibitors. The
studies disclosed that about 17% (30/176) of the subjects taking SGLT-2 inhibitors
developed adverse events and more than 40% (10/23) of them had genitourinary
tract infections.

2019

CONCLUSION
Based on low to moderate quality of evidence, SGLT-2 inhibitors improve the
serum level of liver enzymes, decrease liver fat, and fibrosis with additional
beneficial effects on various metabolic parameters in type 2 diabetes patients with
NAFLD.
Key words: Alanine aminotransferase; Hepatic fat; Hepatic fibrosis; Non-alcoholic fatty
liver disease; Sodium-glucose cotransporter-2 inhibitor; Type 2 diabetes mellitus
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The frequent coexistence of non-alcoholic fatty liver disease (NAFLD) and type
2 diabetes, their adverse health consequences, and lack of adequate therapeutic options
makes it necessary to search for newer alternatives. Currently, pioglitazone and vitamin
E are recommended in addition to lifestyle modifications for the management of
NAFLD. Animal studies have shown that sodium glucose cotransporter-2 inhibitors
might be beneficial in NAFLD present in diabetes patients. The current systematic
review shows that sodium glucose cotransporter-2 inhibitors improve the serum level of
liver enzymes, liver fat, and liver fibrosis with additional beneficial effects on various
metabolic parameters in type 2 diabetes patients with NAFLD.

Citation: Raj H, Durgia H, Palui R, Kamalanathan S, Selvarajan S, Kar SS, Sahoo J. SGLT-2
inhibitors in non-alcoholic fatty liver disease patients with type 2 diabetes mellitus: A
systematic review. World J Diabetes 2019; 10(2): 114-132
URL: https://www.wjgnet.com/1948-9358/full/v10/i2/114.htm
DOI: https://dx.doi.org/10.4239/wjd.v10.i2.114

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is an emerging public health issue
worldwide. The prevalence of NAFLD in type 2 diabetes mellitus patients is three
times greater as compared to the general population. Its prevalence in diabetic
subjects ranges from 69%-87% depending upon the imaging modality used[1]. The
spectrum of NAFLD includes simple steatosis, steatohepatitis, and cirrhosis[2]. Besides
NAFLD is a risk factor for extrahepatic complications like cardiovascular disease,
chronic kidney disease, and type 2 diabetes. In addition, the prevalence of both
microvascular and macrovascular complications is increased in patients with NAFLD
and type 2 diabetes[3].
The existing therapeutic options for NAFLD are not adequate. Hypocaloric diet and
exercise is the cornerstone of therapy in NAFLD. Pioglitazone and vitamin E are
recommended only in biopsy-proven non-alcoholic steatohepatitis (NASH), but
vitamin E is not recommended in diabetic patients due to inadequate evidence[4]. The
frequent coexistence of NAFLD and type 2 diabetes with their combined adverse
health consequences and inadequate therapeutic options makes it necessary to search
for newer alternatives. Based on the information from animal studies, sodium glucose
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cotransporter-2 (SGLT-2) inhibitors appear promising in the management of
NAFLD[5-7]. This systematic review is an effort to review the available literature on the
effect of SGLT-2 inhibitors on NAFLD in type 2 diabetes patients.

MATERIALS AND METHODS
Protocol and registration
This systematic review was performed according to the predefined protocol
registered in PROSPERO (Registration ID: CRD42018104572). The protocol can be
accessed at the website address https://www.crd.york.ac.uk/prospero. We followed
the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 2009
guidelines for reporting this systematic review[8]. Ethics committee approval was not
required for this systematic review because it was done using published data found in
the public domain.

Eligibility criteria
All observational and randomised controlled trials (RCTs) done using SGLT-2
inhibitors among type 2 diabetes patients with NAFLD having both baseline and
post-treatment serum alanine aminotransferase (ALT) level data with a minimum
follow-up duration of 12 wk were included in this systematic review. The studies with
concomitant pharmacological therapy like pioglitazone or α-tocopherol (vitamin E)
for treating NAFLD were excluded to avoid the confounding effects of these drugs on
liver function tests. Only those studies that were done in humans and published in
English were considered for inclusion. We excluded abstract-only articles, case
reports, conference presentations, editorials, reviews, expert opinions, and studies
with five participants and less.

Primary and secondary outcomes
The primary outcome was the change in serum ALT levels in type 2 diabetes patients
with NAFLD treated with SGLT-2 inhibitors. The secondary outcomes were change in
serum aspartate aminotransferase (AST) and gamma-glutamyl transferase (GGT)
levels, hepatic fat, hepatic fibrosis, metabolic profile, anthropometric parameters, and
the adverse effects of SGLT-2 inhibitors.

Information sources
PubMed/MEDLINE, Cochrane library, Google scholar, and Clinicaltrials.gov were
searched from their date of inception until 31st August, 2018.

Literature search and study selection
The search terms/MeSH terms used were “NAFLD”, “Nonalcoholic fatty liver
disease”, “Non-alcoholic fatty liver disease”, “Non alcoholic fatty liver disease”,
“NASH”, “Non-alcoholic steatohepatitis”, “Nonalcoholic steatohepatitis”, “Non
alcoholic steatohepatitis”, “Fatty liver”, “Type 2 diabetes mellitus”, “Type 2 diabetes”,
“Diabetes mellitus type 2”, “Diabetes type 2”, “SGLT-2 inhibitors”, “Sodium glucose
cotransporter-2 inhibitors”, “SGLT-2”, “SGLT2”, “SGLT 2”, “Canagliflozin”,
“Dapagliflozin”, “Empagliflozin”, “Ipragliflozin”, “Luseogliflozin”, “Tofogliflozin”,
“Sotagliflozin”, “Remogliflozin”, “Ertugliflozin”, and “Sergliflozin”(Table 1). The
references of the search articles were scrutinised for relevant articles.

Data collection process
The titles and/or abstracts of studies were retrieved using the search strategy and
those from additional sources were scrutinised independently by two review authors
(HR and JPS) to identify studies that potentially met the inclusion criteria as outlined
above. The full texts of these potentially eligible studies were retrieved and
independently assessed for eligibility by three review team members (HD, SS, and
RP). Any disagreements between the reviewers over the eligibility of particular
studies were resolved through discussion with a fourth senior reviewer (SKK). A
standardised, pre-formatted excel form was used to extract data from the included
studies for the assessment of study quality.

Data items and synthesis of results
The extracted data included the author of the study with year, the study
methodology, the recruitment and study completion rates, the types of population,
the exposure/intervention (dose of SGLT-2 inhibitor, duration), the results (outcome
measures like change in serum ALT, AST, GGT, hepatic fat, markers of liver fibrosis,
fasting plasma glucose (FPG), glycosylated haemoglobin (HbA1c), lipid profile,
homeostasis model assessment-estimated insulin resistance (HOMA-IR), body mass
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Table 1 Literature search strategy
S. No

Search terms

1

NAFLD

2

Nonalcoholic fatty liver disease

3

Non-alcoholic fatty liver disease

4

Non alcoholic fatty liver disease

5

NASH

6

Non-alcoholic steatohepatitis

7

Nonalcoholic steatohepatitis

8

Non alcoholic steatohepatitis

9

Fatty liver

10

1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9

11

Type 2 diabetes mellitus

12

Type 2 diabetes

13

Diabetes mellitus type 2

14

Diabetes type 2

15

11 OR 12 OR 13 OR 14

16

SGLT-2 inhibitors

17

Sodium glucose cotransporter-2 inhibitors

18

SGLT-2

19

SGLT2

20

SGLT 2

21

Canagliflozin

22

Dapagliflozin

23

Empagliflozin

24

Ipragliflozin

25

Luseogliflozin

26

Tofogliflozin

27

Sotagliflozin

28

Remogliflozin

29

Ertugliflozin

30

Sergliflozin

31

16 OR 17 OR 18 OR 19 OR 20 OR 21 OR 22 OR 23 OR 24 OR 25 OR 26 OR 27 OR 28 OR 29 OR 30

32

10 AND 15 AND 31

NAFLD: Non-alcoholic fatty liver disease; NASH: Non alcoholic steatohepatitis; SGLT-2: Sodium glucose
cotransporter-2.

index (BMI), any adverse effects, information for the assessment of the risk of bias,
and sources of funding/support.
The statistical review of the study was performed by a biomedical statistician (SSK).
A narrative synthesis of the results of individual studies was done. The change in the
difference in means and difference in proportions and the respective P values as
mentioned in the original manuscripts were tabulated and explained in our study.

Risk of study bias
The risk of bias of the RCTs was done using Cochrane risk of bias tool[9]. The studies
were graded as “good quality” or “fair quality” or “poor quality” according to the
level of risk. Methodological Index for Non-Randomized Studies (MINORS) scale was
used to assess the risk of bias of observational studies[10]. A study was considered to be
an ideal study if the score was 16 for single arm and 24 for comparative studies.

RESULTS
Study selection
Our literature search from all the aforementioned databases yielded 73 articles
(including references of the relevant articles). After eliminating duplicate articles, 55
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articles were screened. Eight articles met all of the inclusion criteria (total 214 patients
were on SGLT-2 inhibitors) (Figure 1).

Study characteristics
The summary of all studies included in this systematic review is given in Tables 2 and
3. Out of the eight studies, four are RCTs[11-14] and four are observational[15-18]. Five
studies were conducted amongst the Japanese population. Ipragliflozin was used in
three studies whereas canagliflozin and luseogliflozin were used in two studies each,
but dapagliflozin and empagliflozin were used in one study each. All studies used
one type of SGLT-2 inhibitor except the one authored by Seko et al[16], where both
canagliflozin and ipragliflozin were used. The change in serum ALT was a secondary
outcome while the effect of SGLT- 2 inhibitors on liver fat was the primary outcome in
all RCTs.

Risk of bias within studies
The risk of bias of RCTs was assessed using the Cochrane risk of bias tool. Among the
four RCTs, the studies done by Kuchay et al[11] and Eriksson et al[14] were of good
quality however those done by Ito et al[12] and Shibuya et al[13] were of fair quality
(Table 4). The risk of bias of observational studies was assessed using the MINORS
scale. All the observational studies were of less than ideal quality (Table 5).

Primary outcome
Change in serum ALT levels: In all of the studies, there was a decrease in serum ALT
levels from the baseline in those treated with SGLT-2 inhibitors (Table 6) but in the
study done by Shibuya et al[13] it did not reach statistical significance.
Kuchay et al [ 1 1 ] found a significant decrease in serum ALT levels in the
empagliflozin arm compared to the control arm at the end of the study (difference
between the two arms was -10.9 IU/L, P = 0.005). In the study done by Ito et al[12] ALT
levels decreased equally in both the groups [Change from baseline in ipragliflozin
group: -17.5 (4) and pioglitazone group: -20 (3.4), P = 0.642]. Similar results were
found in the study by Shibuya et al[13] [ΔALT in luseogliflozin arm was 9 (-20, 1) and in
metformin arm was 4.5 (-5, 9), P = 0.064]. Eriksson et al [14] found that the ALT
reduction in the dapagliflozin arm was more compared to placebo [ΔALT in
dapagliflozin arm was -8.24 (8.24) and in the placebo arm was -0.18 (8.82), P < 0.05].
Seko et al[16] demonstrated that the serum ALT levels in SGLT-2 inhibitor arm was
lower compared to the sitagliptin arm at the end of the study [48.8 (5.5) vs 71.1 (10), P
= 0.039]

Secondary outcomes
Change in serum AST levels: Seven of the included studies had data regarding
change in serum AST levels (Table 7). The study done by Shibuya et al[13] did not have
data on AST levels. All the studies showed a significant reduction in serum AST levels
in those treated with SGLT-2 inhibitors. The decrease in AST with empagliflozin and
ipragliflozin was similar compared to placebo and pioglitazone respectively whereas
dapagliflozin was better than placebo.
Change in serum GGT levels: Seven studies had data regarding GGT levels. Six
studies reported a significant decrease in serum GGT levels in those treated with
SGLT-2 inhibitors (Table 8). In the study done by Seko et al [16] , there was an
insignificant decrease in both the SGLT-2 inhibitor and DPP-4 inhibitor groups. The
decrease in GGT with empagliflozin and ipragliflozin was similar compared to
placebo and pioglitazone correspondingly while dapagliflozin was better than
placebo.
Change in hepatic fat: Kuchay et al[11] and Eriksson et al[14] evaluated hepatic fat using
magnetic resonance imaging- derived proton density fat fraction (Table 9). It was
found that there was a significant reduction in hepatic fat in the empagliflozin arm
compared to the control arm in the study done by Kuchay et al[11]. In the study done by
Eriksson et al[14], dapagliflozin or omega-3 carboxylic acid when administered alone or
in combination reduced hepatic fat fraction significantly. When compared with
placebo, only the combination of both drugs reduced hepatic fat fraction significantly.
Sumida et al[18] showed that luseogliflozin significantly reduced hepatic fat fraction
using magnetic resonance imaging-hepatic fat fraction. Ito et al[12] and Shibuya et al[13]
used liver/spleen attenuation ratio for measuring hepatic fat. They found that
ipragliflozin was equivalent to pioglitazone in improving liver/spleen attenuation
ratio while luseogliflozin was found to be superior to metformin in the same aspect.

Effect on liver fibrosis indices
Ito et al[12] and Ohki et al[15] evaluated liver fibrosis using the FIB-4 index (Table 10).
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Figure 1

Figure 1 Literature search and study selection.

There was a significant decrease in the FIB-4 index in the ipragliflozin arms compared
to baseline. Ipragliflozin was similar to pioglitazone in decreasing the FIB-4 index.
Sumida et al[18] used both the FIB-4 index and NAFLD fibrosis score. There was no
significant change in either indices.

Change in metabolic and anthropometric parameters
Seven studies reported changes in FPG and HbA1c (Tables 11 and 12). The majority of
the studies showed a decrease in FPG and HbA1c.
In the study done by Ito et al[12] there was no difference in the change in HOMA-IR
in those treated with either ipragliflozin or pioglitazone (P = 0.401) (Table 13). There
was a significant decrease in HOMA-IR in those treated with dapagliflozin compared
to placebo in the study done by Eriksson et al [14] . Surprisingly there was an
insignificant increase in HOMA-IR in those treated with either a SGLT-2 inhibitor or a
gliptin in the study done by Seko et al[16].
Six studies included data on the changes in lipid profile (Tables 14, 15, and 16).
There was a significant decrease in serum triglycerides in two studies (Kuchay et al[11]
and Ito et al [12] ). Three studies exhibited an increase in high-density lipoprotein
cholesterol levels (Ito et al[12], Ohki et al[15], and Seko et al[16]). Most of the studies (Ito et
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Table 2 Randomised controlled trials
S. No

Ref.
Kuchay et al[11],
2018

1

Ito et al[12], 2017

2

Inclusion
criteria
Age > 20 yr,
hepatic
steatosis (MRIPDFF > 6%),
HbA1c > 7.0%
to < 10.0%

Age (yr)

Male gender

Intervention
arm: 50.7 (12.8)

Intervention
arm: 16 (64%)

Control arm:
49.1 (10.3)

Control arm: 17
(68%)

Age 20-75 yr,
Pioglitazone
HbA1c
arm: 59.1 (9.8)
7.0–11.0%, BMI
Ipragliflozin
< 45 kg/m2, On
arm: 57.3 (12.1)
diet and
exercise
therapy alone
or with oral
hypoglycaemic
agents other
than SGLT-2
inhibitors and
thiazolidinedio
nes and/or
insulin,
NAFLD,
findings
suggesting
hepatic
steatosis and
hepatic
dysfunction on
clinical
laboratory tests
or on imaging
studies (e.g.,
computed
tomography or
ultrasound)

Pioglitazone
arm: 18 (53%)
Ipragliflozin
arm: 14 (44%)

Intervention
arm

Follow-up
duration

Primary
outcome

20 wk

Change in liver
fat content by
MRI-PDFF

Ipragliflozin 50 Pioglitazone 15mg daily (n =
30 mg daily (n
32)
= 34)

24 wk

Change in L/S
attenuation
ratio

Control arm

Standard
treatment +
Empagliflozin
10 mg daily (n
= 25)

Standard
treatment (n =
25)

3

Shibuya et al[13],
2018

Fatty liver
Luseogliflozin Luseogliflozin Luseogliflozin Metformin 1.5 g
diagnosed on arm: 51 (47-62) arm: 10 (62.5%) 2.5 mg daily (n daily (n = 16)
the basis of
= 16)
Metformin arm: Metformin arm:
computed
60 (53-66)
8 (50%)
tomography or
abdominal
sonography,
HbA1c
6.0%–10.0%,
age 20–70 yr

24 wk

Change in L/S
attenuation
ratio

4

Eriksson et
al[14], 2018

Age 40–75 yr,
Dapagliflozin
Dapagliflozin
Dapagliflozin Placebo (n = 21)
treated with a
arm: 65 (6.5)
arm: 16 (76.2%) 10 mg daily (n
stable dose of
= 21) or Omega
Omega 3Omega 3metformin or
3-carboxylic
carboxylic acid carboxylic acid
sulfonylurea
acid 4 g daily (n
arm: 66.2 (5.9)
arm: 11 (55%)
alone or in
= 20) or
O + D arm:
O + D arm: 15 Combination (n
combination for
65(5.4)
(68.2%)
at least 3 mo,
= 22)
MRI-PDFF >
Placebo arm: Placebo arm: 17
5.5%, BMI
65.6 (6.1)
(81%)
25–40 kg/m2

12 wk

Change in liver
fat content by
MRI-PDFF

MRI-PDFF: Magnetic resonance imaging-derived proton density fat fraction; L/S: Liver/spleen; O + D: Omega 3-carboxylic acid + Dapagliflozin; SGLT-2:
Sodium glucose cotransporter-2; NAFLD: Non-alcoholic fatty liver disease.

al[12], Eriksson et al[14], Ohki et al[15], Seko et al[16], and Sumida et al[18]) showed no change
in serum LDL levels.
Five studies included BMI change (Table 17). There was a reduction in BMI in the
SGLT-2 inhibitor arms in all the studies. Empagliflozin was similar to placebo in
reducing BMI whereas luseogliflozin was superior to metformin in reducing BMI.

Adverse effects of SGLT-2 inhibitors
Out of the eight studies, six studies reported the adverse effects of SGLT-2 inhibitors.
There were a total of 30 reported adverse events in 176 patients taking SGLT-2
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Table 3 Observational studies
S. No

Ref.

Design

1

Ohki et al[15],
2016

Prospective
study

2

Seko et al[16],
2016

Retrospective
cohort study

Inclusion
criteria

Age (yr)

Type 2 diabetes 54.2 (49.3-60.1)
with NAFLD
treated with
GLP-1
analogues or
DPP-4
inhibitors and
failed to
normalise
serum ALT
levels
Type 2 diabetes
with NAFLD

SGLT-2
inhibitor arm:
60.3 (1.8)

SGLT-2
inhibitor

Follow-up
duration

Male gender

Sample size

19 (79.2%)

24

SGLT-2
inhibitor arm: 9
(37.5%)

24 (SGLT-2
inhibitor); 21
(Sitagliptin )

Canagliflozin
100 mg (n = 18)
or Ipragliflozin
50 mg daily (n
= 6)

24 wk

Sitagliptin arm: Sitagliptin arm:
59.4 (3.7)
8 (38.1%)

Ipragliflozin 25- 320 d (302-329)
50 mg daily

3

Gautam et al[17],
2018

Prospective
study

Type 2 diabetes
with NAFLD

-

-

32

Canagliflozin
100 mg daily

24 wk

4

Sumida et al[18],
2018

Prospective
study

Age > 20 yr,
HbA1c > 6.5%
to < 8.5%,
NAFLD

55.4 (13.6)

28 (70%)

40

Luseogliflozin
2.5 mg daily

24 wk

NAFLD: Non-alcoholic fatty liver disease; SGLT-2: Sodium glucose cotransporter-2; GLP-1: Glucagon like peptide-1; DPP-4: Dipeptidyl peptidase-4.

inhibitors (Table 18). The most common adverse event was genitourinary tract
infection (10 events).

DISCUSSION
Type 2 diabetes is commonly associated with NAFLD. Serum ALT levels are
commonly above the upper limit of normal with AST levels lesser than ALT levels[19].
Animal studies have shown that SGLT-2 inhibitors decrease liver enzymes (ALT,
AST), liver weight, and hepatic steatosis [20-23] . There are several mechanisms for
improvement in serum liver enzymes in the patients taking SGLT-2 inhibitors. These
drugs cause hyperglucagonemia by increasing glucagon secretion from the pancreatic
α cells. Glucagon stimulates gluconeogenesis and β-oxidation of fatty acids in the liver
via stimulation of peroxisome proliferator-activated receptor alpha and carnitine
palmitoyl transferase-1[13]. Thus SGLT-2 inhibitors help to reduce hepatic fat. They
reduce collagen deposition and inflammatory cytokine expression in liver[5,22]. They
decrease liver enzymes by additionally improving glycaemic parameters and insulin
resistance. Out of eight studies, seven showed a decrease in serum ALT and AST
levels in our systematic review. Shibuya et al[13] observed a decrease in ALT that
almost reached statistical significance, however data regarding AST was
unavailable[13]. Out of seven studies, six illustrated a significant decrease in GGT levels
while in the study by Seko et al[16] the change in serum GGT level almost reached
statistical significance.
Liver enzymes are surrogate markers of liver histological response, but an
improvement in liver histology is not always associated with a decrease in serum liver
enzymes[11]. The five studies that evaluated changes in hepatic fat showed a decrease
in hepatic fat. There was no correlation of a change in ALT with a change in hepatic
fat in the study by Shibuya et al[13], however there was a correlation between these two
parameters in the study by Sumida et al[18]. The decrease in hepatic fat in the SGLT-2
inhibitor arm was comparable to pioglitazone, which is an approved drug for
treatment of NAFLD irrespective of the presence of diabetes. Eriksson et al[14] observed
that although the hepatic fat content decreased in the dapagliflozin arm it did not
reach statistical significance compared to placebo. The lesser duration of this study (12
wk) compared to other studies may have contributed to this difference.
The progression of NAFLD to cirrhosis is determined to a large extent by the liver
histology. Studies with up to 20 years follow-up have shown that the risk of
progression to cirrhosis for simple steatosis, NASH, and NASH with fibrosis are 0%4%, 25%, and 38%, respectively[24]. The FIB-4 index is a non-invasive tool to assess liver
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Table 4 Assessment of study quality of randomised controlled trials
Study
Kuchay et al[11]

Ito et al[12]

Shibuya et al[13]

Eriksson et al[14]

Criteria

Risk of bias

Study quality

Random sequence generation

Low risk

Good quality

Allocation concealment

Low risk

Selective reporting

Low risk

Other bias

Low risk

Blinding of participants and
personnel

Low risk

Blinding of outcome
assessment

Low risk

Incomplete outcome data

Low risk

Random sequence generation

Low risk

Allocation concealment

Unclear risk

Selective reporting

Low risk

Other bias

Low risk

Blinding of participants and
personnel

Low risk

Blinding of outcome
assessment

Low risk

Incomplete outcome data

Low risk

Random sequence generation

Unclear risk

Allocation concealment

Unclear risk

Selective reporting

Low risk

Other bias

Low risk

Blinding of participants and
personnel

Low risk

Blinding of outcome
assessment

Low risk

Incomplete outcome data

Low risk

Random sequence generation

Low risk

Allocation concealment

Low risk

Selective reporting

Low risk

Other bias

Low risk

Blinding of participants and
personnel

Low risk

Blinding of outcome
assessment

Low risk

Incomplete outcome data

Low risk

Fair quality

Fair quality

Good quality

fibrosis[25]. It is calculated from the patient’s age, platelet count, ALT levels, and AST
levels. The FIB-4 index was decreased with SGLT-2 inhibitor therapy in two out of
three studies. Sumida et al[18] used the NAFLD fibrosis score in addition to the FIB-4
index to assess liver fibrosis. The NAFLD fibrosis score is a composite score of six
variables (age, BMI, hyperglycaemia, platelet count, albumin, and AST/ALT ratio)[26].
There was no significant change in either indices in this study.
It has been shown that NAFLD is more common in those with poor glycaemic
control than those with good glycaemic control [27] . SGLT-2 inhibitors promote
glycosuria by inhibiting SGLT-2 in the proximal convoluted tubule. Therefore their
action is dependent on blood glucose levels but insulin independent[28]. They cause a
significant reduction in FPG[29]. A meta-analysis of RCTs has concluded that the
average HbA1c reduction at 52 wk of SGLT-2 inhibitor therapy to be 0.6%[30]. Another
meta-analysis has shown that SGLT-2 inhibitor monotherapy is equivalent to
metformin monotherapy in reducing HbA1c levels [31] . However, the decrease in
HbA1c was more in the luseogliflozin arm compared to the metformin arm in the
study by Shibuya et al[13]. Four out of seven studies and six out of seven studies
showed a decrease in FPG and HbA1c, respectively, in the SGLT-2 inhibitor arm.
Thus, the improved glycaemic status is one of the mechanisms by which SGLT-2
inhibitors ameliorate NAFLD.
SGLT-2 inhibitors ameliorate insulin resistance in numerous ways. SGLT-2
inhibitors improve obesity associated insulin resistance by regulating macrophage
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Table 5 Assessment of study quality of observational studies
Criteria

Ohki et al[15]

Seko et al[16]

Gautam et al[17]

Sumida et al[18]

1

A clearly stated aim

2

2

2

2

2

Inclusion of consecutive patients

0

2

2

1

3

Prospective collection of data

2

0

2

2

4

Endpoints appropriate to the aim of the study

2

2

2

2

5

Unbiased assessment of the study endpoint

0

0

0

0

6

Follow-up period appropriate to the aim of the study

2

2

2

2

7

Loss to follow up less than 5%

2

2

2

2

8

Prospective calculation of the study size

0

0

0

0

9

An adequate control group

NA

0

NA

NA

10

Contemporary groups

NA

2

NA

NA

11

Baseline equivalence of groups

NA

2

NA

NA

12

Adequate statistical analyses

NA

2

NA

NA

13

Total score

10/16

16/24

12/16

11/16

S. No

recruitment and altering the proportion of pro-inflammatory and anti-inflammatory
macrophages. They enhance fat utilization by promoting β-oxidation of fatty acids
and browning of white adipose tissue by inducing the expression of thermogenin
leading to an improvement in the lipid profile. Similar to other antidiabetic drugs,
SGLT-2 inhibitors reduce insulin resistance by decreasing glucotoxicity. Dapagliflozin
has been shown to improve insulin sensitivity by increasing adiponectin and zinc-A2glycoprotein levels[32]. Only dapagliflozin was shown to decrease insulin resistance in
the study by Eriksson et al[14].
SGLT-2 inhibitors cause weight reduction. The major mechanism that causes
weight reduction is the decrease in fat mass. The decrease in fat mass is due to the
shift in substrate utilization to lipids instead of carbohydrates[33,34]. Ito et al[12] and
Shibuya et al[13] demonstrated that SGLT-2 inhibitors caused a significant reduction in
abdominal visceral and subcutaneous fat area as measured by computed tomography
scan. Similarly, Eriksson et al[14] showed that dapagliflozin significantly reduced
abdominal visceral and subcutaneous adipose tissue volume as assessed by magnetic
resonance imaging. The other mechanisms of weight loss are the urinary glucose loss
which amounts to approximately 200 Kcal/d and osmotic diuresis[33,35]. Unlike the
other weight-reducing effects of SGLT-2 inhibitors, which are potentially beneficial,
osmotic diuresis is clearly an adverse effect. Seko et al[16] showed that ipragliflozin and
canagliflozin significantly reduced total body water in addition to body fat mass as
measured by bioelectrical impedance analysis. Five studies showed a significant
decrease in BMI in patients on SGLT-2 inhibitor therapy. Thus, the major beneficial
effects of SGLT-2 inhibitors on NAFLD are exerted via reduction in hepatic fat and
fibrosis, improved glycaemic control, decrease in insulin resistance, and weight loss.
The most common adverse effects of SGLT-2 inhibitors are genitourinary tract
infections. In addition, they may cause diabetic ketoacidosis, dizziness, acute kidney
injury, lower limb amputations, and bone fractures[36,37]. A meta-analysis concluded
that there was no difference between placebo and SGLT-2 inhibitors for serious
adverse events[38]. Among the 30 adverse events reported in all the studies, the most
common was genitourinary tract infections (10 out of 23 characterised events).
The major strength of this systematic review was that the effect of five SGLT-2
inhibitors on NAFLD in patients with type 2 diabetes was evaluated in both RCTs and
observational studies. Moreover, liver fat, liver fibrosis, metabolic, and
anthropometric parameters in addition to liver enzymes were assessed as outcome
variables following SGLT-2 inhibitor therapy. Yet this systematic review has a few
limitations. First, most of the studies were done amongst the Japanese population. As
a result, the study findings may not be applicable to patients from other ethnicities.
Second, the sample size was considerably small and the duration of follow-up was of
limited period in most of the studies. Third, the confounding effect of concomitant
anti-diabetes drugs like metformin, DPP- 4 inhibitors, and glucagon like peptide-1
analogues on NAFLD cannot be ruled out, particularly in observational studies.
Fourth, two studies (Eriksson et al [ 1 4 ] and Sumida et al [ 1 8 ] ) were funded by
pharmaceutical companies, which is a source of potential conflicts of interest.

Summary and conclusion
In conclusion based on the available evidence, SGLT-2 inhibitors were found to
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Table 6 Change in serum alanine aminotransferase levels in individual studies
Serum ALT level (IU/L)
Study
Group
Kuchay et al[11]

Ito et al[12]

Shibuya et al[13]

Eriksson et al[14]

Ohki et al

Seko et al[16]

P value between groups

49.7 (25.8)

0.001

0.005

61.6 (38.4)

0.422

38.2 (20.5)

< 0.05

Study completion

Empagliflozin

64.3 (20.2)

Control

65.3 (40.3)

Ipragliflozin

57.4 (27.3)

0.642

Pioglitazone

53.1 (26.6)

36.8 (15.1)

< 0.05

Luseogliflozin

49.5 (31.0, 70.0)

31 (26.0, 55.0)

0.057

Metformin

39 (23.0, 56.0)

39 (27.0, 51.0)

0.518

Placebo

33.53 (12.4)

-0.2 (8.8)1

-

-

1

0.064

37.65 (14.7)

+5.9 (16.5)

-

Non-significant2

Dapagliflozin

39.41 (14.7)

-8.2 (8.2)

1

-

< 0.052

O+D

35.88 (17.1)

+0.1 (12.9)1

-

Non-significant2

Omega-3 CA

[15]

P value
Baseline

Ipragliflozin

62 (43.0-75.0)

38.0 (31.0-65.0)

0.01

-

SGLT-2 inhibitor

70.8 (8.1)

48.8 (5.5)

0.002

0.039

Sitagliptin

92.4 (11.2)

71.1 (10.0)

0.012

Gautam et al[17]

Canagliflozin

96 (18.7)

60.0 (17.6)

< 0.00001

-

[18]

Luseogliflozin

54.7 (28.2)

42.4 (26.5)

< 0.001

-

Sumida et al

1

Change from baseline.
Compared to placebo.
ALT: Alanine aminotransferase; CA: Carboxylic acid; O + D: Omega-3 carboxylic acid + Dapagliflozin; SGLT-2: Sodium glucose cotransporter-2.
2

improve serum levels of liver enzymes, liver fibrosis indices, and liver fat without
significant side effects in type 2 diabetes patients with NAFLD. They showed
additional beneficial effects on obesity, glycaemic parameters, insulin resistance, and
dyslipidaemia in these subjects. However, the quality of evidence was low to
moderate. Prospective studies, preferably RCTs, comparing different SGLT-2
inhibitors with standard treatments of NAFLD in multi-ethnic populations with a
longer follow-up period are needed in the future.

WJD

https://www.wjgnet.com

124

February 15, 2019

Volume 10

Issue 2

Raj H et al. SGLT-2 inhibitors and NAFLD

Table 7 Change in serum aspartate aminotransferase levels in individual studies
Serum AST levels (IU/L)
Study
Kuchay et al[11]

Ito et al[12]

Eriksson et al[14]

P value

P value between groups

36.2 (9.0)

0.04

0.212

44.6 (23.8)

0.931

Group

Baseline

Study completion

Empagliflozin

44.6 (23.5)

Control

45.3 (24.3)

Ipragliflozin

39.7 (16.7)

27.3 (8.9)

< 0.05

Pioglitazone

43.3 (20.5)

32.4 (15.4)

< 0.05

Placebo

29.4 (13.2)

-1.2 (7.2)1

-

-

Omega-3 CA

30.6 (10.2)

+4.8 (9.0)1

-

Non-significant2

Dapagliflozin

31.2 (11.4)

-4.2 (5.4)1

-

< 0.052

1

0.802

O+D

30 (10.2)

+1.2 (5.4)

-

Non-significant2

[15]

Ipragliflozin

37 (29.0-52.0)

28 (23.0-31.0)

0.03

-

[16]

SGLT-2 inhibitor

54.4 (5.6)

38 (3.1)

0.001

-

Sitagliptin

67 (7.7)

52.5 (7.7)

0.016

Ohki et al
Seko et al

Gautam et al[17]

Canagliflozin

72 (16.7)

53 (10.3)

< 0.00001

-

Sumida et al[18]

Luseogliflozin

40.7 (22.2)

31.9 (18.2)

< 0.001

-

1

Change from baseline.
Compared to placebo.
AST: Aspartate aminotransferase; CA: Carboxylic acid; O + D: Omega-3 carboxylic acid + Dapagliflozin; SGLT-2: Sodium glucose cotransporter-2.
2

Table 8 Change in serum gamma-glutamyl transferase levels in individual studies
Serum GGT (IU/L )
Study
Kuchay et al[11]

Ito et al[12]

Eriksson et al[14]

Group

Baseline

Study completion

Empagliflozin

65.8 (36.1)

50.9 (24.6)

P value

P value between groups

0.002

0.057

Control

63.9 (45.3)

60.0 (39.0)

0.421

Ipragliflozin

62.8 (58.3)

44.0 (38.3)

< 0.05

Pioglitazone

71.6 (54.1)

48.8 (61.2)

< 0.05

Placebo

32.4 (17.4)

+2.4 (9.6)1

Omega-3 CA

54.0 (57.6)

Dapagliflozin

-

-

1

-

Non-significant2

1

-

< 0.052

1

+2.4 (12.0)

58.2 (43.2)

0.642

-4.8 (13.8)

O+D

40.2 (14.4)

-0.6 (13.8)

-

Non-significant2

Ipragliflozin

75.0 (47.0-105.0)

60.0 (40.0-101.0)

0.03

-

SGLT-2 inhibitor

61.7 (9.1)

58.7 (11.5)

0.051

-

Sitagliptin

89.2 (11.8)

82.4 (11.9)

0.36

Gautam et al[17]

Canagliflozin

75.1 (31.8)

69.2 (26.2)

0.003

-

[18]

Luseogliflozin

62.4 (77.1)

48.2 (56.3)

0.003

-

Ohki et al[15]
[16]

Seko et al

Sumida et al

1

Change from baseline.
Compared to placebo.
CA: Carboxylic acid; GGT: Gamma-glutamyl transferase; O + D: Omega-3 carboxylic acid + Dapagliflozin; SGLT-2: Sodium glucose cotransporter-2.
2

Table 9 Change in hepatic fat in individual studies
Study

Parameter

Group

Kuchay et al[11]

MRI-PDFF

Ito et al[12]

L/S ratio

Shibuya et al[13]

Eriksson et al[14]

WJD

L/S ratio

MRI-PDFF

Baseline

Study completion

P value

P value between groups

Empagliflozin

16.2 (7)

11.3 (5.3)

< 0.0001

< 0.0001

Control

16.4 (7.3)

15.5 (6.7)

0.054

Ipragliflozin

0.8 (0.2)

1.0 (0.2)

< 0.05

Pioglitazone

0.8 (0.3)

1.0 (0.2)

< 0.05

Luseogliflozin

0.9 (0.6-1.0)

1.0 (0.8-1.2)

0.0008

Metformin

1.0 (0.8-1.1)

0.9 (0.7-1.0)

0.017

Placebo

15.1 (6.5)

-0.6 (1.9)1

-
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Omega-3 CA

[18]

Sumida et al

MRI-HFF

22.2 (11.0)

-3.2 (2.9)1

-

Non-significant2

1

Dapagliflozin

17.3 (9.1)

-2.2 (3.3)

-

Non-significant2

O+D

17.8 (9.2)

-3.2 (3.5)1

-

< 0.052

Luseogliflozin

21.5 (7.2)

15.7 (6.8)

< 0.001

-

1

Change from baseline.
Compared to placebo.
MRI-PDFF: Magnetic resonance imaging-derived proton density fat fraction; L/S ratio: Liver/spleen attenuation ratio; MRI-HFF: Magnetic resonance
imaging-hepatic fat fraction; CA: Carboxylic acid; O + D: Omega-3 CA + Dapagliflozin.
2

Table 10 Assessment of liver fibrosis in individual studies
Study

Parameter

Group

Ito et al[12]

FIB-4 index

Ipragliflozin

1.44 (0.64)

Pioglitazone

1.84 (1.13)

Ipragliflozin

1.75 (0.82-1.93)

1.39 (0.77-1.99)

0.04

-

Ohki et al[15]

FIB-4 index
[18]

Sumida et al

Baseline

Study completion

P value

P value between groups

1.22 (0.55)

< 0.05

0.596

1.71 (1.19)

Non-significant

FIB-4 index

Luseogliflozin

1.63 (1.19)

1.52 (0.92)

0.17

-

NAFLD fibrosis score

Luseogliflozin

1.61 (0.71)

1.62 (0.88)

0.86

-

FIB: Fibrosis 4; NAFLD: Non-alcoholic fatty liver disease.

Table 11 Change in fasting plasma glucose in individual studies
Fasting plasma glucose (mg/dL)
Study
Kuchay et al[11]

Ito et al[12]

Shibuya et al[13]

Eriksson et al[14]

[15]

Ohki et al

Seko et al[16]

Sumida et al[18]

P value

P value between groups

124.0 (17.0)

< 0.001

0.85

Group

Baseline

Study completion

Empagliflozin

173.0 (44.0)

Control

176.0 (57.0)

120.0 (19.0)

< 0.0001

Ipragliflozin

160.1 (38.7)

136.5 (26.7)

< 0.05

Pioglitazone

169.4 (50.9)

139.0 (26.6)

< 0.05

Luseogliflozin

127.0 (116.0, 136.0)

125.0 (113.0, 138.0)

0.87

Metformin

147.0 (126.0, 161.0)

134.0 (122.0, 145.0)

0.32

Placebo

169.2 (29.7)

+6.7 (14.8)1

-

-

Omega-3 CA

162.4 (26.6)

+3.8 (19.3)1

-

Non-significant2

Dapagliflozin

161.8 (33.3)

-17.6 (26.8)1

-

< 0.052

O+D

168.8 (35.5)

-16.4 (36.0)

1

-

< 0.052

Ipragliflozin

162.0 (135.0-189.0)

135.0 (120.0-166.0)

0.3

-

SGLT-2 inhibitor

125.0 (6.0)

116.6 (4.2)

0.07

Non-significant

Sitagliptin

114.6 (7.0)

134.0 (10.5)

0.067

Luseogliflozin

142.0 (30.3)

135.4 (25.6)

0.04

0.785

0.583

-

1

Change from baseline.
Compared to placebo.
CA: Carboxylic acid; O + D: Omega-3 carboxylic acid + Dapagliflozin; SGLT-2: Sodium glucose cotransporter-2.
2

Table 12 Change in glycosylated haemoglobin in individual studies
Glycosylated haemoglobin (%)
Study
Group
Kuchay et al[11]

Ito et al[12]

Shibuya et al[13]

WJD

Baseline

P value

P value between groups
0.88

Study completion

Empagliflozin

9.0 (1.0)

7.2 (0.6)

< 0.001

Control

9.1 (1.4)

7.1 (0.9)

< 0.0001

Ipragliflozin

8.5 (1.5)

7.6 (1.0)

< 0.05

Pioglitazone

8.3 (1.4)

7.1 (0.9)

< 0.05

Luseogliflozin

7.8 (7.2, 7.9)

6.5 (6.4, 7.0)

0.002

Metformin

7.4 (6.9, 7.7)

7.3 (6.7, 7.6)

0.362
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Eriksson et al[14]

[15]

Ohki et al

Seko et al[16]

[18]

Sumida et al

Placebo

7.4 (0.8)

-0.1 (0.4)1

-

-

Omega-3 CA

7.4 (0.7)

+0.1 (0.4)1

-

Non-significant2

Dapagliflozin

7.4 (0.6)

-0.6 (0.7)1

-

< 0.052

O+D

7.5 (0.8)

-0.5 (0.5)

1

-

Non-significant2

Ipragliflozin

8.4 (7.8-8.9)

7.6 (6.9-8.2)

< 0.01

-

SGLT-2 inhibitor

6.7 (0.1)

6.5 (0.1)

0.055

Non-significant

Sitagliptin

7.0 (0.3)

6.9 (0.3)

0.331

Luseogliflozin

7.3 (0.7)

7.0 (0.7)

0.002

-

1

Change from baseline.
Compared to placebo.
CA: Carboxylic acid; O + D: Omega-3 carboxylic acid + Dapagliflozin; SGLT-2: Sodium glucose cotransporter-2.
2

Table 13 Change in homeostasis model assessment-estimated insulin resistance in individual studies
HOMA-IR
Study
Group
Ito et al[12]

Eriksson et al[14]

[16]

Seko et al

P value

P value between groups

4.8 (5.5)

Non-significant

0.401

4.5 (2.7)

< 0.05

Baseline

Study completion

Ipragliflozin

5.2 (2.5)

Pioglitazone

5.7 (3.4)

Placebo

4.2 (2.4)

-0.2 (1.4)1

-

-

Omega 3-CA

5.4 (2.9)

+0.3 (2.4)1

-

Non-significant2

Dapagliflozin

4.3 (1.9)

-1.1 (1.4)1

-

< 0.052

O+D

4.4 (1.7)

-0.9 (1.6)

1

-

< 0.052

SGLT-2 inhibitor

4.5 (0.5)

7.9 (2.3)

0.955

-

Sitagliptin

4.4 (0.5)

6.5 (0.8)

0.163

1

Change from baseline.
Compared to placebo.
HOMA-IR: Homeostasis model assessment-estimated insulin resistance; CA: Carboxylic acid; O + D: Omega-3 carboxylic acid + Dapagliflozin; SGLT-2:
Sodium glucose cotransporter-2.
2

Table 14 Change in serum triglycerides in individual studies
Serum triglycerides (mg/dL)
Study
Group
Kuchay et al[11]

Ito et al[12]

Eriksson et al[14]

[15]

Ohki et al

Seko et al[16]

[18]

Sumida et al

P value

P value between groups

155.0 (52.0)

0.01

0.678

175.0 (43.0)

0.019

Baseline

Study completion

Empagliflozin

201.0 (124.0)

Control

212.0 (115.0)

Ipragliflozin

166.9 (76.4)

143.4 (81.4)

< 0.05

Pioglitazone

188.4 (148.8)

169.3 (131.3)

Non-significant

Placebo

169.2 (84.1)

-11.5 (45.6)1

-

-

Omega-3 CA

186.9 (81.5)

-15.9 (47.4)1

-

Non-significant2

Dapagliflozin

178.0 (103.6)

+14.2 (40.5)1

-

Non-significant2

1

-

Non-significant2

O+D

168.3 (72.6)

-25.7 (57.1)

0.938

Ipragliflozin

148.0 (107.0, 222.)

145.0 (114.0, 172.0)

0.75

-

SGLT-2 inhibitor

153.8 (15.9)

137.8 (10.5)

0.236

-

Sitagliptin

193.4 (25.2)

191.1 (23.8)

0.986

Luseogliflozin

158.1 (110.5)

129.4 (59.5)

0.062

-

1

Change from baseline.
Compared to placebo.
CA: Carboxylic acid; O + D: Omega-3 carboxylic acid + Dapagliflozin; SGLT-2: Sodium glucose cotransporter-2.
2

WJD

https://www.wjgnet.com

127

February 15, 2019

Volume 10

Issue 2

Raj H et al. SGLT-2 inhibitors and NAFLD

Table 15 Change in serum low-density lipoprotein cholesterol in individual studies
Serum low-density lipoprotein cholesterol (mg/dL)
Study
Kuchay et al[11]

Ito et al[12]

Eriksson et al[14]

P value

P value between groups

95.0 (22.0)

0.018

0.512

96.0 (17.0)

0.001

108.3 (36.2)

110.7 (40.1)

Non-significant

104.0 (27.9)

114.6 (29.5)

< 0.05

Placebo

98.2 (34.4)

+1.6 (15.5)1

-

-

Omega-3 CA

111.8 (34.4)

+2.3 (17.4)1

-

Non-significant2

Dapagliflozin

109.4 (34.8)

+7.7 (20.5)1

-

Non-significant2

1

Group

Baseline

Study completion

Empagliflozin

112.0 (35.0)

Control

114.0 (30.0)

Ipragliflozin
Pioglitazone

0.057

O+D

88.9 (23.2)

+5.8 (21.7)

-

Non-significant2

[15]

Ipragliflozin

113.0 (89.0-142.0)

103.0 (92.0-122.0)

0.08

-

[16]

SGLT-2 inhibitor

119.2 (5.8)

119.8 (5.7)

0.943

-

Sitagliptin

112.9 (4.9)

127.1 (8.8)

0.063

Luseogliflozin

101.0 (22.4)

105.0 (24.4)

0.11

Ohki et al
Seko et al

Sumida et al[18]

-

1

Change from baseline.
Compared to placebo.
CA: Carboxylic acid; O + D: Omega-3 carboxylic acid + Dapagliflozin; SGLT-2: Sodium glucose cotransporter-2.
2

Table 16 Change in serum high-density lipoprotein cholesterol in individual studies
Serum high-density lipoprotein cholesterol (mg/dL)
Study

P value

P value between groups

45.0 (12.0)

0.087

0.752

47.0 (12.0)

0.097

48.9 (9.3)

54.7 (10.4)

< 0.05

47.4 (11.6)

52.7 (13.5)

< 0.05

51.4 (14.9)

-0.4 (5.0)1

-

-

Omega-3 CA

49.9 (14.1)

+0.4 (3.2)1

-

Non-significant2

Dapagliflozin

49.9 (9.5)

+0.4 (4.8)1

-

Non-significant2

1

-

Non-significant2

Group
Kuchay et al[11]

Ito et al[12]

Eriksson et al[14]

[15]

Ohki et al

Seko et al[16]

Sumida et al[18]

Baseline

Study completion

Empagliflozin

42.0 (12.0)

Control

45.0 (15.0)

Ipragliflozin
Pioglitazone
Placebo

0.82

O+D

51.4 (10.2)

+1.6 (5.0)

Ipragliflozin

42.0 (40.0-50.0)

44.0 (42.0-59.0)

0.01

-

SGLT-2 inhibitor

53.9 (2.5)

55.4 (2.6)

0.043

-

Sitagliptin

54.8 (3.3)

55.6 (2.3)

0.531

Luseogliflozin

55.6 (11.7)

57.5 (13.4)

0.062

-

1

Change from baseline.
Compared to placebo.
CA: Carboxylic acid; O + D: Omega-3 carboxylic acid + Dapagliflozin; SGLT-2: Sodium glucose cotransporter-2.
2

Table 17 Change in body mass index in individual studies
Body mass index (kg/m2)
Study
Kuchay et al[11]

Shibuya et al[13]

P value

P value between groups

28.7 (3.5)

0.001

0.124

28.8 (2.8)

0.019

27.9 (26.2, 28.7)

27.0 (25.6, 28.3)

0.002

Group

Baseline

Study completion

Empagliflozin

30.0 (3.8)

Control

29.4 (3.1)

Luseogliflozin

0.031

Metformin

27.2 (24.8, 32.1)

27.3 (24.3, 31.6)

0.646

Ohki et al[15]

Ipragliflozin

30.1 (26.1-31.4)

27.6 (25.3-30.2)

< 0.01

-

Seko et al[16]

SGLT-2 inhibitor

29.6 (0.7)

28.3 (0.7)

< 0.001

-

Sitagliptin

29.2 (1.5)

28.9 (1.4)

0.295
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Sumida et al[18]

Luseogliflozin

27.8 (3.6)

27.2 (1.0)

< 0.001

-

SGLT-2: Sodium glucose cotransporter-2.

Table 18 Adverse effects of sodium glucose cotransporter-2 inhibitors in individual studies
Study
[11]

Kuchay et al

No. of adverse events

No. of patients

Types of adverse events

3

25

Nonspecific fatigue: 1
Arthralgia: 1
Balanoposthitis: 1

Ito et al[12]

9

32

UTI: 3
Increased appetite: 2
Nausea: 1
Headache: 1
Diarrhoea: 1
Vaginal candidiasis: 1

Eriksson et al[14]

7

21

-

Seko et al[16]

2

26

UTI: 2

Gautam et al[17]

1

32

Recurrent UTI with genital candidiasis: 1

Sumida et al[18]

8

40

Low blood pressure: 3
Vaginal itching: 2
Constipation: 1
Vertigo: 1
Dehydration: 1

Total

30

176

Most common adverse event: Genitourinary tract infections-10

UTI: Urinary tract infection.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is a common comorbidity with type 2 diabetes. The
existing therapeutic options for NAFLD are not adequate. Hypocaloric diet and exercise is the
cornerstone of therapy in NAFLD. Pioglitazone is the only drug recommended in diabetes
patients with biopsy proven non-alcoholic steatohepatitis. The frequent coexistence of NAFLD
and type 2 diabetes along with their combined adverse health consequences and inadequate
therapeutic options makes it necessary to search for newer alternatives. This systematic review is
an effort to review the available literature on the effect of sodium glucose cotransporter-2 (SGLT2) inhibitors on NAFLD in type 2 diabetes patients.

Research motivation
Because the existing therapeutic options are not adequate for NAFLD patients, there is a need for
finding newer alternatives. SGLT-2 inhibitors have shown promise in the management of
NAFLD in animals. Hence, we reviewed the available literature on the effect of SGLT-2
inhibitors in NAFLD in type 2 diabetes patients. This will promote further high quality research
on the effect of SGLT-2 inhibitors in NAFLD.

Research objectives
The primary outcome was the change in serum alanine aminotransferase levels in type 2
diabetes patients with NAFLD treated with SGLT-2 inhibitors. The secondary outcomes were
change in serum aspartate aminotransferase and gamma-glutamyl transferase levels, hepatic fat,
hepatic fibrosis, metabolic profile, anthropometric parameters, and the adverse effects of SGLT-2
inhibitors.

Research methods
This systematic review was registered in PROSPERO and performed according to Preferred
Reporting Items for Systematic Reviews and Meta-Analysis guidelines. We searched
PubMed/MEDLINE, Cochrane library, Google scholar, and Clinicaltrials.gov for the relevant
articles to be included in this systematic review. A narrative synthesis of the results of individual
studies was done. The change in the difference in means and difference in proportions and the
respective P values as mentioned in the original manuscripts were tabulated and explained. The
quality of the randomised controlled trials and observational studies was analysed using the
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Cochrane risk of bias tool and MINORS scale, respectively.

Research results
Eight articles (four randomised controlled trials and four observational studies) were included in
this systematic review. A total of 214 patients were treated with SGLT-2 inhibitors. SGLT-2
inhibitors caused a significant improvement in liver enzymes, hepatic fat, hepatic fibrosis,
glycaemia, insulin resistance, obesity, and lipid parameters with minimal adverse effects.
However, the quality of evidence is low to moderate.

Research conclusions
We found that SGLT-2 inhibitors improved the serum levels of liver enzymes, liver fat, and liver
fibrosis with additional beneficial effects on various metabolic and anthropometric parameters in
type 2 diabetes patients with NAFLD. However, the number of patients treated with SGLT-2
inhibitors was small. The findings of this systematic review will have impact in choosing antidiabetes medication like SGLT-2 inhibitors to treat NAFLD associated with type 2 diabetes.

Research perspectives
The studies included in this systematic review were heterogeneous with regard to study design
and intervention drugs. Most of the studies were done amongst the Japanese population.
Prospective studies, preferably randomised controlled trials, comparing different SGLT-2
inhibitors with standard treatments of NAFLD in multi-ethnic populations with a longer followup period are needed in the future.
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Abstract
BACKGROUND
Sodium glucose cotransporter 2 (SGLT2) inhibitors use has been associated with
toe amputations and non-healing ulcers and gangrene mostly of lower
extremities. There are no case reports about association of Empagliflozin with
finger ulcers or gangrene. This is the first case report of Empagliflozin (Jardiance)
an SGLT2 inhibitor causing gangrene of fingers and second case in literature
about any SGLT2 inhibitor causing gangrene of upper extremity.
CASE SUMMARY
A 76-year-old man with type 2 diabetes mellitus sustained minimal trauma to
both middle fingers, which started healing. He was started on empagliflozin a
week later for management of type 2 diabetes mellitus and started developing
gangrene to both middle finger tips along with neuropathic pain which worsened
over the course of next four months. Investigations were negative for vascular
insufficiency, infection and vasculitis and imaging of hand was normal.
Discontinuation of empagliflozin slowed progression of gangrene and caused
symptomatic improvement with reduction in neuropathic pain.
CONCLUSION
This case report suggests possible association of empagliflozin and finger
gangrene and recommends that more research and awareness among clinicians is
needed in this area.
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Core tip: Empagliflozin can cause finger gangrene in patients with type 2 diabetes
mellitus. Empaglifozin has gained popularity recently as a newer anti diabetic agent with
improved cardiovascular outcomes and better glycemic control in addition to lowering
blood pressure and helping with weight loss. Lack of proper awareness about this
condition can lead to progression of disease if not identified early on and can result in
amputations. This medication should be used with caution in patients who have high risk
of gangrene such as that on prednisone and in those with diabetic neuropathy.

Citation: Ramachandra Pai RP, Kangath RV. Bilateral gangrene of fingers in a patient on
empagliflozin: First case report. World J Diabetes 2019; 10(2): 133-136
URL: https://www.wjgnet.com/1948-9358/full/v10/i2/133.htm
DOI: https://dx.doi.org/10.4239/wjd.v10.i2.133

INTRODUCTION
This is the first ever case reported in literature about empaglifozin (Jardiance) as a
possible cause of finger gangrene. Sodium glucose cotransporter 2 (SLGT2) inhibitors
inhibit sodium and glucose cotransport at proximal renal tubules. SLGT2 inhibitors
have been associated with an increased risk of genital infections secondary to
increased glycosuria. According to the results of CANVAS trial, Dapagliflozin,
another SGLT2 inhibitor of the same class as empagliflozin, has been shown to
significantly reduce the risk of cardiovascular events by 14% but it doubled the risk of
amputation in patients with type 2 diabetes mellitus[1]. In a similar study conducted
on patients with type 2 diabetes mellitus at high risk for cardiovascular events,
patients were given empaglifozin vs placebo and those on empagliflozin had lesser
adverse cardiovascular events and lower all-cause mortality. Among patients
receiving empagliflozin, there was an increased rate of genital infections but there
was no increase in lower limb amputations[2]. In another study of over eight million
case safety reports, increased risk of lower-limb amputations especially toe
amputations were reported with empagliflozin[3].
A data analysis conducted based on data from US Food and Drug Administration
adverse event Reporting System showed a total of 66 cases of SGLT2 inhibitorassociated amputations[3]. Among these, there was only one case of hand amputation
which was from Dapagliflozin. All others were lower extremity gangrene and ulcers,
most commonly of toes [4] . There are two case reports of empagliflozin related
Fournier’s gangrene in literature[5,6] which pointed the benefit of keeping a high index
of suspicion and early cessation of SGLT2 inhibitors could potentially prevent the
progression of these infections requiring surgical debridement later. Empagliflozin
has also been associated with vulvovaginal candidiasis along with other SGLT2
inhibitors[7].
SGLT2 inhibitors are used in general, cautiously in patients with vascular
insufficiency, neuropathy, risk of amputations and very high hemoglobin A1C over
11. However, there are no case reports to date about an empagliflozin as a possible
cause of non-healing finger ulcers or gangrene. Ours is the first reported case of
empagliflozin (a SGLT2 inhibitor) as likely cause of gangrene of fingers.

CASE PRESENTATION
Chief complaint
Gangrene both middle fingers.

History of present illness
A 76-year-old man with moderately controlled type 2 diabetes mellitus (hba1c of 8.6)
sustained minor injury to the tip of both middle fingers while doing some mechanical
work. He had no burns or exposure to heat. Initially, the fingers were healing well
with minimal scarring. A week after the injury, he was started on empagliflozin 10 mg
for better glycemic control in addition to his other medications. Three weeks after the
injury (two weeks after being started on empagliflozin), he started noticing significant
pain on tip of both middle fingers which also started changing color to brown and
then to black (Figure 1).
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Figure 1

Figure 1 Gangrene tip of fingers while on empaglifozin.

History of past illness
No history of previous vasculitis. He has history of polymyalgia rheumatica and was
on prednisone 3 mg daily for the past few years. His other medications included
aspirin, atorvastatin, metformin and saxagliptin. No history of diabetic neuropathy.

Personal and family history
He is a nonsmoker with no alcohol use. No family history of diabetes, gangrene or
significant illnesses.

Physical examination upon admission
He was seen and evaluated in the emergency room twice in the following four
months due to worsening symptoms and investigations were done. On exam during
both times, he was afebrile, and physical exam was normal except for gangrenous
changes tips of both middle fingers. There was no area of erythema around the region
of gangrene on either side. Ankle brachial pressure index was normal and filling
pressures were normal in both upper extremities.

Laboratory examinations
Blood counts, erythrocyte sedimentation rate, C reactive protein were within normal
limits. Tests for vasculitis were negative including Anti-nuclear cytoplasmic antibody
and anti-nuclear antibody.

Imaging examinations
Hand X-rays were normal. Echocardiogram showed no evidence of embolic sources.

FINAL DIAGNOSIS
Possible etiology was concluded to be from microvascular damage of unclear
etiology.

TREATMENT
Plastic surgery, vascular surgery, dermatology and rheumatology referrals were
completed. Biopsy was withheld as there was no surrounding erythema. Patient was
seen in endocrinology outpatient for diabetes management and his endocrinologist
suspected empagliflozin as a possible cause and discontinued the medication. He was
switched to alternate medications for better glycemic control.

OUTCOME AND FOLLOW UP
After a week of stopping empagliflozin, patient started noticing improvement in his
pain as well as slowing of blackish discoloration near tip of fingers.

DISCUSSION
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Occurrence of finger gangrene or upper extremity gangrene in individuals with type 2
diabetes on treatment with empaglifozin has not been described previously in the
literature. We suggest this adverse event could be under reported due to low index of
suspicion.
Patient mentioned in this case presented with gangrene at the same site where he
sustained minimal trauma initially, therefore the suspicion was more for vasculitis.
But the patient had noticed that the sites were healing well initially. Starting of
empagliflozin coincided with onset of symptoms of neuropathic pain and worsening
of non-healing ulcers and development of gangrene tip of fingers and vasculitis
markers were negative.
Even though this patient has polymyalgia rheumatica and was on prednisone at the
time of symptoms, markers for vasculitis were negative and he was on consistent dose
of low dose prednisone for few years before onset of symptoms. Addition of
empagliflozin again was the only other contributing factor for development of
symptoms.
The timing of empaglifozin and onset of symptoms as well as improvement after
stopping empaglifozin point towards a likely association of the medication with
finger gangrene.

CONCLUSION
This first case report of empaglifozin causing finger gangrene suggests the possibility
that upper extremity gangrene with use of empaglifozin could go undiagnosed as
occurred initially in this case. Prescribers need to be aware of this association and
future studies are warranted to clarify if upper extremity ulcers or gangrene are
associated with SGLT2 inhibitor use.
Increased awareness among primary care physicians and surgeons about this
association could prevent progression of non-healing upper extremity ulcers,
gangrene and resultant amputations.
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