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Abstract
Polycystic ovarian syndrome (PCOS) is a highly pre
valent hormonal and metabolic disorder among repro
ductive aged women worldwide. Women with PCOS 
have widely varying phenotypes and seek medical care 
for differing reasons. In addition to concern for men
strual cycle function, ovulation, hirsutism and acne, 
many PCOS women have abnormal glucose metabolism. 
While diabetes mellitus and impaired glucose tolerance 
are easily diagnosed, the diagnosis of and concern 
for insulin resistance as a precursor disorder is under
appreciated. Insulin resistance may be the first im
portant marker of metabolic disease in PCOS women 
at risk for metabolic syndrome and coronary artery di
sease.
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INTRODUCTION
Diagnosis of  polycystic ovarian syndrome (PCOS) is re
latively straightforward. Common criteria established by 
the Rotterdam Conference in 2003 include at least two 
of  three characteristics (oligomenorrhea, clinical and/or 
biochemical hyperandrogenism and ultrasound criteria) in 
the absence of  other disease. PCOS is the most common 
hormonal disorder in women worldwide with prevalence 
estimates between 4%8% but as high as 25% in some 
populations[1]. Women often initiate medical care for a 
cluster of  PCOS symptoms (infertility, hirsutism and ir
regular menstrual cycles) that ultimately are not the most 
concerning medical consequences of  PCOS [diabetes me
llitus (DM), coronary artery disease (CAD), endometrial 
hyperplasia/cancer]. Here exists an important paradigm in 
the recognition and treatment of  PCOS.

Clinically speaking, the hyperandrogenism seen in 
PCOS is associated with hirsutism more than acne or 
alopecia and therefore hirsutism is an impetus for young 
women seeking care[2]. Many PCOS women are also over
weight (BMI > 25kg/m2) or obese (BMI > 30kg/m2), 
although adiposity is not a defining criteria for PCOS. 
Obesity is highly prevalent in the general population and 
in PCOS women and is an independent risk factor for 
CAD[3]. Obesity in adolescents is correlated with insulin 
resistance (IR) and dyslipidemia[4]. PCOS related ovulatory 
dysfunction in adolescents often correlates to adolescent 
obesity[5]. Genetic predisposition to PCOS has been sus
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pected for many years[6] and data link obesity and metabol
ic disturbances in PCOS with genetic polymorphisms[7,8]. 
Even male first degree relatives of  women with PCOS 
have a higher incidence of  metabolic syndrome (MS), the 
closest corollary to PCOS in men[9].

Once a diagnosis of  PCOS is confirmed, it is impera
tive to assess women for CAD risk factors. Despite the 
many reasons women seek medical care for PCOS, the 
greatest long term risk for these women is CAD. This is 
generally not viewed or even recognized as a concern by 
women seeking care in the first place. The link between 
PCOS and CAD is multifaceted. Creactive protein (CRP) 
is higher in age matched PCOS women and is linked to 
BMI[10] with some ethnic variation in this risk[11]. The pre
valence of  MS in PCOS women is as high as 40% with 
increased prevalence of  hypertension, dyslipidemia and 
abnormal glucose metabolism, all before age 30[12]. PCOS 
women aged 2040 already demonstrate poor vascular 
function measured by brachial artery vascular flow[13]. No 
single blood test can predict or quantify this CAD risk. 
Although no standard recommendation for assessment 
of  CAD risk factors exists, measurement of  glucose me
tabolism, blood pressure screening, lipid screening and 
carotid intimal media thickness measurements have been 
suggested[14]. 

The routine use of  OGTT is advocated by some in all 
PCOS women[15]. In teenagers, abnormalities in glucose 
metabolism manifest prior to dyslipidemia, suggesting 
that assessment of  glucose metabolism is even more im
portant in younger women[16]. DM is diagnosed by an 8 h 
fasting plasma glucose ≥ 126 mg/dL, 2 h glucose value 
≥ 200 mg/dL after oral glucose tolerance test (OGTT) 
or random glucose ≥ 200 mg/dL with symptoms of  DM 
confirmed by either fasting plasma glucose or OGTT. 
Hemoglobin AIC > 6.5% may also be issued to diagnose 
DM[17]. Impaired glucose tolerance (IGT) is defined by a 2 
h cutoff  of  140200 mg/dL on OGTT[18].The prevalence 
of  IGT in obese adolescents is surprisingly as high as 
15%[19]. 

INSULIN RESISTANCE AND PCOS
As many as 70% of  PCOS women are insulin resistant 
and 10% have DM[2022]. In PCOS women with normal 
glucose metabolism initially, the rate of  conversion to 
abnormal glucose metabolism can be 25% over just three 
years[23]. More alarming, insulin abnormalities are highly 
prevalent in adolescents with PCOS[24]. Almost 20% of  
young Thai women with PCOS actually have DM[25]. 
Overall, normal glucose levels on an OGTT do not pre
dict IR and IR, despite normal glucose levels, is correlated 
with CRP, dyslipidemia and other CAD risk factors[26]. 
Therefore, glucose levels alone lack the sensitivity to pre
dict metabolic risk in PCOS patients. Precursor states of  
insulin abnormalities likely predict long term CAD risk 
well before glucose abnormalities. IR can be just as severe 
in diabetics and nondiabetics[27], stressing the seriousness 
of  this metabolic impairment as a precursor and not a se

parate disease. Animal models have shown that IR alone 
damages myocardial cells, providing direct evidence of  
end organ disease[28]. Human data link HOMAIR to left 
ventricular dysfunction[29]. Abnormal glucose metabolism 
short of  IGT and DM still deserves attention, identifica
tion and treatment[30].

PCOS women with different phenotypes have been 
found similarly insulin resistant in response to a 3 h 75 g 
OGTT[31]. Obese (compared to lean) PCOS women tend 
to have a higher degree of  IR. Correlation between hyper
androgenism and IR is significant in many studies but not 
as significant as the link between insulin abnormalities and 
obesity[32]. PCOS women demonstrate greater variation in 
insulin parameters compared to controls, independent of  
weight[33]. Animal studies of  prenatal testosterone expo
sure show downstream IR in early postnatal life[34]. Some 
human data shows a high degree of  correlation between 
hyperandrogenism and IR[35,36] and the relationship be
tween hyperandrogenism and IR seem to differ between 
PCOS and nonPCOS women[35]. 

Reproductive dysfunction in PCOS women may also 
be a manifestation of  IR. Menstrual cycle irregularity has 
been correlated with HOMAIR[37]. Molecular defects in 
insulin action may be responsible for reproductive dif
ficulties in PCOS women. Although endometrial tissue 
appears morphologically similar in PCOS to controls and 
may have similar insulin receptor prevalence, insulin re
ceptor action at the local endometrial level is impaired and 
may be reflected in lower pregnancy implantation rates[38]. 
HOMAIR has been correlated with follicle count in 
PCOS during in vitro fertilization[39]. Follicular insulin levels 
correlate with pregnancy outcome after IVF[40]. These are 
areas of  unresolved understanding with regard to PCOS. 
Proposed mechanisms for insulin reproductive abnor
malities include abnormalities of  ovarian steroidogenesis, 
excessive LH secretion and abnormalities in glucose up
take[41]. PCOS women have been found to have postre
ceptor insulin abnormalities as well as reduced peripheral 
insulin receptor binding[42]. 

ASSESSMENT OF INSULIN RESISTANCE
No universal definition of  insulin resistance exists and 
therefore no standard clinical technique to measure insulin 
resistance exists. Insulin resistance can be thought of  
as a metabolic state where normal glucose homeostasis 
mechanisms fail to operate properly. Translating theory 
to clinical practice has been a source of  frustration for 
many practitioners. The American Diabetes Association 
has characterized IR as a state of  impaired metabolic 
response to insulin[43]. IR is characterized by an inability 
of  normal amounts of  insulin to achieve the normal pre
dicted response, often in the clinical setting of  central 
adiposity. To achieve euglycemia, the pancreas over se
cretes insulin[44]. Investigators define IR based on hyper
insulinemiceuglycemic clamp techniques as a state of  
impaired glucose disposal in response to insulin[22]. Des
pite no consensus, clamp techniques have become the refe
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rence for understanding IR.
Hyperinsulinemiceuglycemic clamp techniques rely on 

an intravenous insulin infusion to maintain steady serum 
glucose concentrations at fasting levels to measure glucose 
uptake. Lower glucose uptake signifies resistance to insulin 
action (i.e. IR). Since the technique requires intravenous 
infusions, frequent blood sampling, extensive time and 
significant financial resources, it is experimentally useful 
but clinically cumbersome[45]. Clamp studies in PCOS 
women show conflicting results; some studies show IR 
only in obese PCOS women[46] and others demonstrate 
IR in lean PCOS patients[47]. Of  importance, the studies 
which failed to demonstrate IR in lean PCOS women did, 
however, demonstrate elevated basal insulin levels com
pared to weight matched, non PCOS controls[46]. Other 
sophisticated testing methods using intravenous infusions 
of  insulin have been attempted (insulin sensitivity test and 
insulin tolerance test) but they do not alleviate the time, 
financial and testing burdens to make them relevant for 
widespread clinical practice and normal cutoffs are not 
widely disseminated[45]. Clamp techniques have been used 
as comparisons to validate other modes of  assessment of  
IR. 

Fasting methods to measure IR have been advocated 
for many years as an adjunct to DM screening. Elevated 
fasting insulin levels greater than 20 mU/mL may alone 
indicate IR. Fasting glucose/insulin ratio (G/I) has also 
gained some clinical traction. A ratio < 4.5 has in general 
been shown to be > 90% sensitive in some populations[45] 
but has never been validated with clamp studies[48]. Some 
ethnic variation in G/I cutoff  ratios may exist[49]. There 
has been some suggestion that G/I < 7 in very young 
girls may predict IR[50,51].

The homeostatic model assessment (HOMA), a more 
complex fasting calculation, has been compared to clamp 
techniques with good results. HOMA is the product of  
fasting glucose (mg/dL) and insulin (mU/mL) divided by a 
constant[45]. One major limitation of  HOMA rests on the 
previous reflection that many young PCOS women display 
stimulated but not fasting metabolic abnormalities. In 
fact, HOMA in young PCOS patients missed 50% of  IR 
as compared to OGTT with insulinAUC calculations[52]. 
G/I ratio correlated strongly with clampdemonstrated 
IR in a small study of  PCOS women  interestingly, both 
lean and obese PCOS women had evidence of  IR. Sex 
hormone binding globulin (SHBG) did not correlate with 
IR in this study[47], as has been previously postulated[53]. 

Quantitative insulin sensitivity check index (QUICKI) 
was developed to improve the sensitivity of  fasting mea
surements. QUICKI is calculated as: 1/[log(insulin fasting) 
+ log(glucose fasting)] and has been well correlated to 
clamp measurements in obese and nonobese patients[15]. 
QUICKI also demonstrates correlation with HOMA
IR[53]. QUICKI research calculations in young PCOS 
women are often identical to age matched women with 
DM[54]. 

OGTT with 75g glucose and hourly glucose and 
insulin measurements has been compared to clamp techni

ques. Insulin sensitivity calculated by mathematical trans
formation of  measurements has shown good correlation 
with glucose disposal using clamp techniques[48]. Althou
gh the OGTT is easy to perform, these calculations are 
more complex and make this particular calculation less 
desirable for clinical use. However these data show that 
1 and 2 h levels are often needed to diagnose IR and st
ress the potential for false negative results with fasting 
measurements alone. In patients undergoing clamp and 
OGTT no correlation was observed between fasting glu
cose/insulin ratios and IR on the clamp[48]. 

Some have tried to utilize ultrasound to detect IR. Of  
note, normoglycemic women often have the phenotypic 
criteria for polycystic ovaries on ultrasound[54], consistent 
with other data in young adolescents showing that poly
cystic ovaries by ultrasound appearance often does not 
correlate with either anovulatory menstrual cycles or me
tabolic abnormalities[55]. Therefore ultrasound is too non
specific to use with any reliability in measuring IR.

Limitations of  direct insulin testing and cumbersome 
calculations have led to research for indirect serum mar
kers to provide evidence of  IR. SHBG correlations to IR 
as previously mentioned have been inconsistent. Adipo
nectin is a protein found in adipose tissue associated with 
both inflammation and insulin action. Recent studies 
have linked plasma adiponectin level to IR (but not hype
randrogenism) measured by HOMA[5658]. Serum soluble 
glycoprotein130 levels (local cytokine) have been inversely 
correlated to IR[59]. Resistin plasma levels have been co
rrelated with fasting glucose and HOMAIR in PCOS wo
men[60]. Inhibin A levels in PCOS women were not found 
to correlate with IR in PCOS women[61]. Most of  these 
serum markers share common limitations and have been 
poorly studied. How they might vary with different PCOS 
phenotypes is unknown. None are adequately compared 
to IR measured by clamp studies. Their usefulness serially 
in clinical practice to monitor patients over time and under
going treatment is also unknown. Some genetic work has 
recently shown promise. Although far from clinical use, 
microarray analysis of  genes in muscle, adipose tissue and 
the liver shows alterations in the setting of  IR[62]. Serum 
genetic markers may lead to future genetic techniques to 
detect and monitor IR.

TREATMENT
Why treat IR in PCOS women? For many years only 
PCOS women with DM were treated. As the link between 
IGT and CAD became more apparent, many PCOS wo
men with IGT were treated. We now understand that IR 
is often the first step in a progression to DM and CAD. 
Those who now advocate treatment for IR do so for the 
following reasons: reduction of  insulin and androgen 
levels, prevention of  IGT and DM, potential for improved 
ovulation, symptomatic improvement, prevention of  
MS[63]. Ultimately, secondary prevention in young women 
with identifiable and treatment precursor conditions is far 
more desirable and easier than treatment of  these same 
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women later in life with serious disease.
Metformin has been the mainstay of  treatment for 

IR and IGT in PCOS women over the past decade. Me
tformin is a biguanide that acts principally on the liver 
to inhibit hepatic gluconeogenesis. It also inhibits ace
tylCoA carboxylase activity and suppresses fatty acid 
production. Metformin acts on skeletal muscle to inhibit 
lipid production and acts peripherally on adipose tissue 
to stimulate glucose transport and uptake. Metformin re
duces insulin levels and promotes improved insulin recep
tor activity[64]. Metformin may also have direct and indirect 
effects on the ovary with respect to insulin action and 
steroidogenic enzymatic activity. In the endothelium, met
formin seems to improve nitric oxide vasodilatory effects. 
Many other mechanisms of  action have been studied in 
both animal and human models but consistent effects are 
not always demonstrated with local tissue concentrations 
that result from therapeutic doses[65].

Human data regarding metformin improvement in IR 
in PCOS women shows mixed results and is complicated 
by varying methods of  assessing IR. Short term (3 mo) 
treatment with metformin (1500 mg per day) failed to af
fect IR as measured by AUCInsulin after 75g OGTT. 
Metformin (1600 mg per day) in obese PCOS women 
treated for 6 mo failed to reduce IR as measured by QU
ICKI[66]. This is in contrast to similar length studies on 
obese PCOS women who demonstrated decreased IR as 
measured by HOMAIR, QUICKI and ISI, and correlated 
with alterations in phosphoproteins related to IR[67]. Lon
ger term metformin therapy (2 years, 1600 mg per day) 
in young, obese PCOS women reduced fasting insulin, 
hyperandrogenism and produced borderline reductions in 
HOMAIR (P = 0.05)[68]. Metformin was compared pro
spectively to naltrexone and prenisolone in combination 
with oral contraceptive pills (OCPS). IR was unchanged 
despite lowered androgen levels[69]. Metformin has been 
compared to orlistat and pioglitazone over a 4 mo treat
ment course and although each treatment reduced IR as 
measured by HOMAIR, metformin (1500 mg per day) 
had the least reduction (< 20%)[70].

Studies have attempted for years to show an advantage 
to metformin for ovulation induction and as an adjunct to 
more advanced fertility treatments. In ovulatory PCOS wo
men metformin was associated with improved serum and 
follicular fluid AMH levels as well as insulin values; these 
changes were not seen in anovulatory PCOS women[71]. 
Despite the demonstration of  negative effects of  IR on 
reproductive outcome, the vast majority of  evidence does 
not show improvement in live birth rates when metformin 
is used strictly for fertility[72], although treatment does im
prove ovulatory status[72,73].

Metformin has been studied specifically in adolescent 
PCOS women. Metformin therapy for 10 mo decreased 
fasting serum insulin levels in obese girls with PCOS[74].
The positive effects of  metformin in adolescents wore off  
within 3 mo of  medication discontinuation[75]. Metformin 
in obese PCOS adolescents has shown improvements in 
IR by clamp studies, fasting measurements and OGTT 
after just 3 mo of  therapy[76,77]. Other studies have found 

nonsignificant trends to improved IR by HOMA and 
OGTTAUC in adolescent PCOS patients[78]. Metformin 
has also been shown to effectively contribute to BMI re
duction in PCOS adolescents[79].

Metformin has been tested in combination with cho
lesterol lowering medications. Pretreatment of  obese 
PCOS patients with atorvastatin (20 mg per day for 3 mo) 
followed by 3 mo of  metformin (1500 mg per day) re
sulted in more effective lowering of  HOMAIR than met
formin alone[80]. Other similar data show that combined 
treatment with metformin and atorvastatin compared to 
metformin alone produced similar but significant improve
ments in IR. Combination therapy only showed successful 
reduction of  hyperandrogenism and not IR[81].

The ultimate goal is to prevent metabolic disease. Met 
 formin (1500 mg per day) compared to placebo in a pros
pective 12 wk randomized control trial decreased arterial 
stiffness (by peripheral pressure waveforms in the brachial 
artery) and endothelial function (measured by augmen
tation index). Metformin did not reduce HOMAIR[82]. 
The study population was obese but young (mean age 30 
years), demonstrating the ability to reduce CAD risk even 
in very young women. Metformin has reduced both carot
id intimal media thickness and endothelin levels in obese 
PCOS women[83]. In many studies metformin has reduced 
both total cholesterol and LDL cholesterol levels[8486], tri
glyceride levels[84] and increased HDL levels[87,88]. Animal 
studies have shown that acarbose given to insulin resistant 
rats decreased carotid intimal hyperplasia and blood flow 
velocities[89]. Taken as a whole, the ability of  metformin 
(and likely other insulin sensitizing agents) to elicit an over
all reduction in the risk for CAD may be easier than the 
ability to produce consistent measureable improvements.

Other insulin sensitizing agents have been advocated 
and studied for the treatment of  IR in PCOS, principally 
thiazolinediones. Thiazolinediones stimulate gene tran
scription that alters lipid and glucose metabolism, decreas
es lipolysis and decreases fat deposition[90]. Thiazolinedio
nes decrease fatty acid release, suppress gluconeogenesis 
and reduce tumor necrosis factor α disruption of  insulin 
activity[64]. Pioglitazone and rosiglitazone have decreased 
IR (measured by clamp studies) in PCOS women[9093]. Gli
tazones have also decreased IR by OGTT AUCInsulin in 
PCOS women[91,93,94]. In patients with DM, thiazolinedio
nes reduce central adiposity[95], a trait commonly shared 
with PCOS women. Pioglitazone by way of  IR and adi
ponectin levels also has improved menstrual regularity in 
PCOS women[96,97]. Adverse outcomes have been seen in 
pregnant animals with limited to no human data. There
fore, as a class, thiazolinediones are not considered first 
line therapy for PCOS women seeking pregnancy. Rosigli
tazone has even been found to decrease proinflammatory 
markers in human granulosa cells cultured following in 
vitro fertilization oocyte retrieval, thus showing additional 
target tissue for therapy[98]. However, these effects have 
not been adequately studied and have no current practical 
application.

Other pharmacological treatments have attempted 
to lower IR. Vitamin D has been shown to decrease HO
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MAIR despite a lack of  change in hyperandrogenism 
in young, obese PCOS women[99]. Animal studies have 
demonstrated that treatment with glycyrrhizic acid affec
ting lipoprotein lipase activity decreases serum insulin 
and HOMAIR[100]. Although oral contraceptive pills 
positively affect hyperandrogenism, they have little to no 
effect on glucose metabolism by OGTT[101]. Long term 
oral contraceptive pill use may have some limited benefit 
in IR but data are limited[102]. A 6 mo course of  oral con
traceptive pill treatment in adolescent obese PCOS wo
men has demonstrated some improvement in IR[103].

Lifestyle interventions are usually required for long 
term sustainable results. PCOS women who smoke have 
higher free androgen levels and IR as measured by HO 
 MAIR, QUICKI and the insulin sensitivity index foll
owing 75 g OGTT[104]. Thus PCOS women who smoke 
have an additional reason to stop smoking. In more gene 
 ral population studies (nonPCOS) comprised mostly of  
middleaged women, lifestyle intervention is more effec 
tive than metformin in preventing the progression to  
DM. Dietary and exercise intervention decreased the 4 
year progression to DM in patients at risk (nondiabe
tic, elevated fasting and/or OGTT glucose) by almost 
50%[105]. Realizing the limitations of  applying this popu
lation sample to young PCOS women, it still highlights the 
benefit of  nonpharmacological treatment. PCOS women 
randomized to both metformin and lifestyle interventions 
(compared to placebo) showed improvements in HOMA 
IR after 4 mo[106]. In European adolescents with PCOS 
who failed to achieve improvements in HOMAIR after 6 
mo of  lifestyle intervention, both metformin and placebo 
reduced IR over 6 mo, although metformin offered no 
benefit over placebo[107]. Lifestyle modification in ado
lescents has been successful in reducing hyperandroge
nism[103]. Modest weight loss of  about 5% bodyweight has 
also been shown to lower hyperandrogenism[108] which 
may ultimately improve IR. 

Acupuncture has been studied as a means to reduce 
IR in PCOS phenotype animals. Acupuncture decreased 
IR by euglycemichyperinsulinemic clamp and altered glu
cose transporter expression (GLUT4) in a rat model of  
PCOS[109]. In humans, acupuncture has shown both meta
bolic and hormonal benefits in women with PCOS[110].

CONCLUSION
Regardless of  what reasons women have for seeking diag
nosis and treatment of  PCOS, it is imperative for prac
titioners to assess a woman’s risk for CAD. Assessment 
should probably be made in all PCOS patients regardless 
of  BMI. Especially in young women or adolescents, 
IR may be the first identifiable risk factor. Practitioners 
must recognize that no universal test for IR exists and 
must use good clinical judgment to assess metabolic sta
tus in women. Stimulated testing with OGTT may be 
more sensitive than fasting measurements. Women who 
demonstrate IR should be counseled on lifestyle modifi
cations. Physicians should discuss with their patients a tar
get BMI that is realistically obtainable. It is often advisable 
for patients to seek nutritional assessment and counseling 

to help with this goal. In many individuals, consideration 
should be given to pharmacological treatment. Although 
the most commonly used medication is metformin, other 
medications may be appropriate first line therapy, espe
cially in women not actively seeking pregnancy. 
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Abstract
Osteoporosis, a global age-related health problem in 
both male and female elderly, insidiously deteriorates 
the microstructure of bone, particularly at trabecular 
sites, such as vertebrae, ribs and hips, culminating in 
fragility fractures, pain and disability. Although osteo-
porosis is normally associated with senescence and 
estrogen deficiency, diabetes mellitus (DM), especially 
type 1 DM, also contributes to and/or aggravates 
bone loss in osteoporotic patients. This topic highlight 
article focuses on DM-induced osteoporosis and DM/
osteoporosis comorbidity, covering alterations in bone 
metabolism as well as factors regulating bone growth 
under diabetic conditions including, insulin, insulin-like 
growth factor-1 and angiogenesis. Cellular and mole-
cular mechanisms of DM-related bone loss are also 
discussed. This information provides a foundation for 
the better understanding of diabetic complications and 
for development of early screening and prevention of 
osteoporosis in diabetic patients.
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NORMAL BONE REMODELING
Being a primary structural framework of  the body, bone 
undergoes dynamic microstructural remodeling throug
hout life to accommodate mechanical stress and calcium 
demand[1]. Bone remodeling is a coupled process of  bone 
resorption and formation, and requires coordination of  all 
three types of  bone cells, namely osteocytes, osteoblasts 
and osteoclasts[1,2]. Under mechanical stress, osteocytes act 
as mechanosensors to detect changes in the flow of  bone 
fluid within bone canaliculi, and respond by transmitting 
signals to the osteoblasts via their syncytial processes. 
Osteoblasts later stimulate osteoclast differentiation and 
subsequent bone resorption. Normally, osteoblastme
diated bone formation takes place at the same site to fill 
up the resorption pit with new bone[1,2].

Osteoclastic bone resorption occurs in areas of  struc
turally weak bone caused by mechanical stress or disuse. 
At the cellular and molecular level, osteoclastmediated 
bone resorption commences by osteoblasts initiating 
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proliferation of  osteoclast precursors and their differen
tiation into mature osteoclasts by secreting a cytokine 
called macrophage colony stimulating factor (MCSF)[2,3]. 
Osteoblasts also secrete the key mediator for osteoclas
togenesis, receptor activator of  nuclear factorκB (RANK) 
ligand (RANKL), which binds to its receptor (RANK) 
on the plasma membrane of  osteoclast precursors, there
by stimulating differentiation of  preosteoclasts into 
mature osteoclasts. RANKL and MCSF are differentially 
upregulated by various osteoclastogenic factors, such as 
parathyroid hormone (PTH), PTHrelated peptide and 
prolactin[2,4,5]. Moreover, to counterbalance RANKL ac
tion, osteoblasts synthesize and secrete osteoprotegerin 
(OPG), a soluble decoy receptor capable of  inhibiting 
RANKRANKL interaction and osteoclastogenesis[2,6]. 
In the presence of  activated osteoclasts, bone resorption 
begins with dissolution of  inorganic and organic com
ponents by hydrochloric acid, cathepsin K and lysosomal 
protease from osteoclasts[2,7].

Following bone resorption, osteoblastmediated bone 
formation takes place to fill the resorption pits with newly 
mineralized bone. The type Ⅰ collagen fibrils secreted 
by osteoblasts are arranged into the organic matrix oste
oid, which is subsequently mineralized by calcium and 
phosphate in the presence of  alkaline phosphatase, 
osteocalcin and osteopontin. Eventually, hydroxide ions 
are gradually added and mature hydroxyapatite crystals 
[Ca10(PO4)6(OH)2] are formed[1]. Humoral factors, such as 
insulinlike growth factor (IGF)1, insulin, bone morpho
genetic proteins and OPG, serve as anabolic signals to 
promote bone formation[5,810]. Among these anabolic 
mediators, liverderived IGF1 is of  particular interest 
since profound growth retardation, small bone size, low 
bone mineral density (BMD) and osteoporosis were re
ported in IGF1 and IGF1 receptor deficiencies[5,10,11]. 
Furthermore, insulin was found to directly induce osteoge
nic action by increasing cell proliferation, differentiation, 
alkaline phosphatase activity and expression of  type Ⅰ 
collagen and osteocalcin in human osteoblastlike MG63 
cells[12]. Matrix mineralization was also found to be en
hanced by IGF1 and insulin[11,12].

OSTEOPOROSIS AND RISK FACTORS
Osteoporosis is a global health care problem characterized 
by a reduction in BMD with increased porosity and sus
ceptibility to fractures[13]. It can be caused by acceleration 
of  bone resorption and/or deceleration of  bone forma
tion. Clinically, osteoporosis most often results from a 
combination of  postmenopausal estrogen deficiency and 
agerelated bone loss[2,14]. Irreversible bone loss can result 
from an imbalance between osteoclast and osteoblast 
activities, i.e. enhanced bone resorption and/or suppressed 
bone formation, resulting in an uncoupling event that can 
prolong duration of  the bone remodeling cycle[5,13]. Other 
risk factors for osteoporosis are abnormally high plasma 
PTH levels, advancing age, genetic background, cigarette 
smoking, alcohol consumption, physical inactivity and the 

chronic use of  some medications, such as corticosteroids. 
Low physical activity as found in the sedentary lifestyle 
of  elderly, paralyzed or immobilized patients is also asso
ciated with accelerated bone loss[13,1517]. Furthermore, 
other medical conditions, particularly hyperparathyroidism 
and diabetes mellitus (DM) are also risk factors for os
teoporotic bone loss[13,16,17].

Regardless of  the etiology, osteoporosis is initiated 
by the uncoupling of  bone resorption and bone forma
tion[5,13,17]. At the molecular level, enhanced bone resorp
tion and osteoporosis generally result, in part, from the 
overproduction of  RANKL and other cytokines/medi
ators regulating osteoclast differentiation and function. 
These include cyclooxygenase (Cox)2, prostaglandin (PG) 
E2, tumor necrosis factor (TNF)α, interleukin (IL)1, 
IL6 or IL11[5,18,19], all of  which lead to recruitment and 
differentiation of  preosteoclasts[5,18,19]. Thus, the greater 
the increase in the levels of  these osteoclastogenic cyto
kines, the faster the progression of  bone loss.

DM-INDUCED OSTEOPOROSIS
DM is a group of  pandemic debilitating metabolic di
seases featuring chronic hyperglycemia which results 
from defective insulin secretion and/or insulin actions[20]. 
Such chronic hyperglycemia typically elicits dysfunction 
and failure of  various organs, particularly the eyes (dia
betic retinopathy and cataract), kidneys (diabetic ne
phropathy), nerves (diabetic neuropathy), heart (diabetic 
cardiomyopathy) and blood vessels (microangiopathy)[20]. 
In addition, DM has been found to be associated with 
metabolic bone diseases, osteoporosis and lowimpact 
fractures, as well as other bonerelated events including 
falls in geriatric patients[15,21]. Indeed, DM not only aggra
vates osteopenia (Tscores between 1 and 2.5, as de
termined by dual energy Xray absorptiometry; DXA) 
and osteoporosis (Tscores ≤ 2.5), but is also one of  
the “causes” of  both conditions. Nevertheless, bone 
deteriorations differ markedly between type 1 and type 2 
DM and possibly stem from different cellular and mole
cular mechanisms[2227].

Type 1 DM, also known as insulindependent DM, 
results from insulin insufficiency which leads to hyper
glycemia in the young[20]. Besides the usual neurovascular 
complications, both male and female patients with type 
1 DM manifest low bone mass at the hip, femoral neck 
and spine (Table 1), which may eventually lead to an 
increased incidence of  bone fractures[2225,28,29]. In contrast, 
data on skeletal abnormalities in type 2 DM, or non
insulin-dependent DM, appear conflicting, and the exact 
explanation of  this is still unknown[26,27,30]. For example, 
by using DXA Yamaguchi and colleagues demonstrated 
that, of  187 males with type 2 DM, there was an increase 
in BMD at the femoral neck with low prevalence of  
vertebral fracture in diabetic men with metabolic syn
dromes[26]. Similarly, Petit and colleagues reported a higher 
BMD in elderly patients with type 2 DM when compared 
to agematched nonDM volunteers[27]. In contrast, several 
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other investigators reported a negative effect of  type 2 
DM on BMD. For instance, Yaturu and colleagues found 
a significantly low BMD of  hip in type 2 DM patients 
when compared to agematched normal subjects[30]. 
Moreover, an increased fracture risk at several sites, in
cluding spine and hip has been reported[31]. However, 
these fractures and falls could have resulted from visual 
impairment (from diabetic retinopathy and cataract), gait 
imbalance (from peripheral neuropathy) and overweight, 
all of  which are common clinical features in type 2 DM. 
Peripheral neuropathy in type 2 DM may also lead to 
local destruction of  bones around the weightbearing 
joints (especially in the ankle and foot), known as Charcot 
osteoarthropathy, which can cause pain, fracture and joint 
deformity[21].

Type 1 DM featuring low circulating insulin and IGF1 
levels usually occurs in young children prior to peak bone 
mass attainment, whereas type 2 DM is common in adults 
who have already attained peak bone mass[32,33]. Thus, type 
1 and 2 DM induce detrimental skeletal complications 
of  different magnitudes. Specifically, in both genders, 
BMD of  the proximal femur appears to be significantly 
lower in type 1 DM than in type 2 DM[34]. This difference 
in severity might be because type 1 DM patients lack 
insulin, which is an osteogenic factor capable of  stimu
lating osteoblast proliferation and differentiation[12]. Al 
 ternatively, different the time course of  type 1 and 2 DM 
might contribute to their different outcomes and prog
nosis. A recent populationbased investigation on 1964 
diabetic patients in Rochester, Minnesota, revealed that 
the incidence of  hip fractures, one of  the most com 
 mon osteoporotic fractures, increased only over 10 years 
of  followup, and was not correlated with obesity or pro 
 longed DM treatments[35]. However, other factors, in
cluding advanced age, previous fracture and longterm 
corticosteroid use, might also predispose DM patients to 
osteoporosis and lowimpact fracture, whereas physical 
activity/exercise and high body mass index are protec
tive[35].

BONE LOSS IN DIABETIC MOTHERS
Pregnancy and lactation increase calcium demand for 
fetal skeletal development and milk production, respec
tively, and bone serves to supply calcium during these 
reproductive periods[3638]. Although maternal BMD is not 
decreased during pregnancy in humans and rodents[36,37], 
our recent histomorphometric study in rats showed that 
osteoclastic bone resorption was indeed enhanced at 
trabecular sites from midpregnancy to late lactation[39]. 
Significant bone loss with a decrease in BMD was, there-
fore, observed in late lactation. Maternal BMD is usually 
restored within 12 mo postweaning. However, some 
breastfeeding mothers manifest a longterm sequela 
known as pregnancy/lactationinduced osteoporosis, wh
ich features back pain, height loss and/or vertebral frac
ture[38,40].

Bone loss is, therefore, expected to be greater in mo
thers with previously diagnosed DM or even with gesta 
tional DM (GDM; which affects ~4% of  all pregnant 
women without previous history of  DM[41]). A recent 
densitometric study in GDM women revealed a reduction 
in vertebral BMD when compared with nonDM pre
gnant women[42]. Moreover, it has been reported that 
greater than normal bone loss is present in ~40% of  
GDM women within 3 mo postpartum[15]. Nevertheless, 
the effects of  previously diagnosed DM on maternal bone 
resorption and the longterm sequelae remain to be eluci
dated.

POSSIBLE MECHANISMS OF DM-
INDUCED OSTEOPOROSIS
Although several investigators have long addressed the 
question of  how DM induces osteopenia and osteo
porosis, the exact underlying mechanism is still elusive. 
However, it is widely accepted that hyperglycemia is a 
salient factor that has direct and indirect deleterious effects 
on osteoblast function and bone formation (Figure 1). At 
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Table 1  Bone changes in patients with type 1 diabetes mellitus

References Sample size Age Gender (F/M) Major findings

Hamilton et al, 2009 102 20-71 52/50 Adult males with type 1 DM had lower BMD at hip, femoral neck and spine compared with 
age-matched controls (P ≤ 0.048). No significant difference in BMD between female type 1 
DM vs age-matched controls.

Mastrandrea et al, 2008   63 2-37 63/0 Type 1 DM women ≥ 20 years of age had a reduction in BMD at hip, femoral neck and 
whole body.
No significant difference in BMD between type 1 DM women < 20 years of age vs age-
matched controls.

Soto et al, 2010   45 15-39 45/0 Adolescent and adult women with type 1 DM had lower BMD at spine, femoral neck and 
whole body. No correlation between decreased BMD and sex steroid hormones.

Saha et al, 2009   48 12-18 26/22 Adolescent men and women with type 1 DM had lower BMC at the proximal femur.
Men with type 1 DM had lower cortical bone mass and cross-sectional size than age-matched 
women with type 1 DM.

Lumachi et al, 2009   18 36-51 8/10 Type 1 DM patients had ~60% lower BMD compared with age-matched controls.
Heilman et al, 2009   30 5-19 11/19 Type 1 DM patients had lower total BMC and lumbar BMD. Type 1 DM men had less 

physical activity than age-matched male controls.

DM: diabetes mellitus; BMD: bone mineral density; BMC: bone mineral content; F: female; M: male.



the cellular level, a recent in vitro study in osteoblastlike 
MG63 cells demonstrated that high glucose concentrations 
markedly suppressed cell growth, mineralization, and 
expression of  various osteoblastrelated markers, in
cluding runtrelated transcription factor2 (Runx2), type 
Ⅰ collagen, osteocalcin and osteonectin, while stimu
lating the expression of  adipogenic markers, such as 
peroxisome proliferatoractivated receptor (PPAR)γ, 
adipocyte fatty acid binding protein (aP2), resistin and 
adipsin[43,44]. Consistent with the in vitro findings, a histo-
morphometric analysis in streptozotocininduced DM 
mice showed increases in osteoclast numbers and expre
ssion of  osteoclastogenic mediators, including TNFα, 
MCSF, RANKL and vascular endothelial growth factor 
(VEGF)A[45]. Moreover, there were upregulations of  
PPARγ, aP2 and resistin mRNAs, as well as increases 
in lipiddense adipocytes in the bone marrow of  these 
streptozotocininduced DM mice, whereas adipose tissues 
at other sites, such as liver and peripheral areas, were 
decreased[44]. It is thus plausible that, in addition to direct 
interference with osteoblast function and bone formation, 
DM also induces lipid accumulation in the marrow of  
long bones, thereby leading to the expansion of  marrow 
cavity and thinning of  cortical envelope. The osteoblast
toadipocyte shift might also reduce the number of  diffe
rentiated osteoblasts available for bone formation.

Other cell types, such as endothelial progenitor cells 
(EPCs) lining the blood vessels, are also affected by 

hyperglycemia. It was shown that the streptozotocin
induced DM mice exhibit a reduction in circulating 
bone marrowderived EPCs when compared to non
DM control mice[46]. Such decreases in circulating EPCs 
could retard angiogenesis essential for the repair process 
at fracture sites. Moreover, as demonstrated by the three
point bending mechanical test, DM was found to be 
associated with a reduction in parameters, such as bone 
rigidity, yield moment, ultimate moment, yield stress 
and energy to fracture, all of  which are related to bone 
strength or “bone quality”[47,48]. Regarding the possible 
mechanisms underlying impaired mechanical properties, 
several investigations have demonstrated an increase in 
advanced glycation end products (AGE) or nonenzymatic 
cross-links within collagen fibers, which, in turn, lead to 
deterioration in the structural and mechanical properties 
of  bone, and eventually to a decrease in bone strength[47]. 
In vivo studies in both type 1 and type 2 DM rats have con
firmed that an increase in AGE production is negatively 
correlated with BMD and bone strength[49,50].

In addition to hyperglycemia, dysautonomia and 
impaired leptin function may indirectly contribute to os
teopenia and osteoporosis in DM since both the sympa
thetic nervous system and leptin are known to modulate 
bone remodeling in a complex interdependent manner (for 
review Reference[51]). The final outcome of  sympathetic 
stimulation (bone loss vs bone gain) depends on the rela
tive distribution of  activated adrenergic receptor subtypes 
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Figure 1  Possible deleterious effects of diabetes 
mellitus on bone metabolism and bone quality. 
Diabetes mellitus (DM) increases osteoclast function 
but decreases osteoblast function, thereby leading to 
accelerated bone loss, osteopenia and osteoporosis. 
DM/hyperglycemia induces production of macrophage 
colony stimulating factor (MCSF), tumor necrosis factor 
(TNF)-α and receptor activator of nuclear factor-κB 
ligand (RANKL), all of which are osteoblast-derived 
activators of osteoclast proliferation and differentiation. 
Moreover, DM/hyperglycemia suppresses osteoblast 
proliferation and function, in part, by decreasing runt-
related transcription factor (Runx)-2, osteocalcin and 
osteopontin expressions. Adipogenic differentiation of 
mesenchymal stem cells is increased as indicated by 
the overexpression of adipocyte differentiation markers, 
including peroxisome proliferator-activated receptor 
(PPAR)-γ, adipocyte fatty acid binding protein (aP2), 
adipsin and resistin. A decrease in neovascularization 
may further aggravate bone loss. Bone quality is also 
reduced as a result of advanced glycation end products 
(AGE) production, which may eventually result in low-
impact or fragility fractures.



(β1, β2 or β3), expressed in osteoblasts[52]. β2adrenergic 
receptor and leptin receptor knockout mice showed an 
increase in bone mass compared to normal mice, sug
gesting that β2 agonists and leptin are activators of  bone 
resorption[53,54]. In contrast, osteoblastlike UMR106 cells 
exhibited the lower expression ratio of  RANKL and 
OPG after exposure to β3adrenergic agonist, suggesting 
a protective effect of  β3adrenergic receptor activation 
against bone resorption[52]. However, the possible direct 
link between the DMinduced autonomic neuropathy 
and impaired bone remodeling remains to be elucidated 
experimentally.

Several lines of  evidence also suggest that DMin
duced bone loss could be mediated, in part, by the humo
ral factors, kinins, which normally regulate blood circu
lation, inflammation and pain. Kinin dysfunctions could 
be responsible for several DM complications, such as hype
ralgesia, cardiomyopathy and retinopathy[5558]. In diabetic 
Akita mice with mutation in the insulin2 gene, the lack 
of  bradykinin receptor1 (B1R) and receptor2 (B2R) (i.e. 
B1R/B2R double knockout) induces profound diabetic 
complications, including massive albuminuria, glomerulo
sclerosis, reduction of  nerve conduction velocity, and 
marked bone mineral loss[59]. It is thus possible that B1R/
B2R and their related kinin signaling participate in the 
DMinduced bone loss.

PERSPECTIVES ON THE PREVENTION OF
DM-INDUCED OSTEOPOROSIS
Since it is evident that most detrimental effects of  DM on 
bone emanate from hyperglycemia and its consequences 
(e.g. AGE production and impaired vascularization), ef
fective glycemic control and restoration of  proper in 
 traosseous blood supply should be of  paramount im
portance for treatment and prevention of  diabetic oste
oporosis. The appropriate uses of  antidiabetic agents 
should further help promote bone formation and/or 
prevent bone resorption. Recombinant insulin therapy 
might be a promising choice for diabetic intervention 
with its direct osteogenic effect through its receptors 
on osteoblasts. An in vitro study of  insulintreated bone 
marrow mesenchymal stem cells (BMSC; progenitors of  
both osteoblasts and adipocytes) cultured in highglucose 
condition showed a significant increase in the activity 
of  alkaline phosphatase, a representative of  osteoblast 
differentiation, when compared to the control BMSC[60]. 
In addition, insulin also elicited synergistic effect when 
combined with supplementary 17βestradiol by increasing 
type Ⅰ collagen production and bone mineralizing no
dules in vitro[60]. Furthermore, insulin should indirectly 
benefit bone by reducing the negative effects of  chronic 
hyperglycemia[61]. Besides lowering plasma glucose levels 
and promoting anabolic bone function, insulin also en
hances production of  proteoglycans, the components of  
the gellike extracellular matrix of  cartilage, in the articular 
cartilage of  streptozotocininduced DM mice, suggesting 
that insulin might also protect against osteoarthritis in 

overweighed DM patients[61].
Among the wide variety of  antidiabetic drugs, some 

have been reported to be favourable to osteogenesis, thr
ough their direct actions on osteoblasts or BMSC, while 
reducing adipogenesis. For instance, a recent investigation 
in metformintreated streptozotocininduced DM rats 
showed positive effects of  metformin on osteoblast diffe
rentiation and function, including upregulation of  Runx2 
and osteocalcin protein expression, as well as increases in 
alkaline phosphatase activity, type Ⅰ collagen synthesis 
and bone calcium accretion[62]. Similarly, glimepiride has 
been shown to stimulate proliferation and differentiation 
of  primary rat osteoblasts in vitro[63]. In addition to syn
thetic drugs, certain herbal preparations, such as cinnamon 
bark extract, have been found to increase serum insulin 
levels and improve insulin sensitivity in adipose tissue by 
increasing serum adiponectin levels as well as upregulating 
PPARα and γ mRNA expression[64], thereby inducing 
both antihyperglycemic and antihyperlipidemic actions. 
Thus, cinnamon extract probably helps reduce fat accumu
lation in bone marrow and indirectly facilitates bone for
mation[64].

In contrast, thiazolidinediones antidiabetic drugs, such 
as rosiglitazone, should be used with caution especially 
in postmenopausal DM patients since they may contri
bute to bone loss and fracture. Thiazolidinediones may 
decrease bone formation and BMD, while increasing 
bone resorption, as indicated by the reduced syntheses of  
alkaline phosphatase, osteocalcin, and procollagen type 
Ⅰ Nterminal propeptide[33,65]. However, further inves
tigations are needed to better understand the effects of  
thiazolidinediones on bone remodeling in DM patients at 
the cellular and molecular level.

Alleviation of  microangiopathy and restoration of  
microcirculation in diabetic bone may be additional bene
fits of  insulin and antihyperglycemic drugs. Xu and co-
workers (2009) demonstrated that injection of  BMSC 
treated with pancreatic extract into streptozotocinindu
ced DM rats not only normalized plasma glucose and pre 
vented apoptosis of  islet cells, but also elevated produc
tion of  VEGF, IGF-1 and basic fibroblast growth factor 
(bFGF), all of  which are known to have antiapoptotic 
and angiogenic effects[66]. A recent in vivo study in type 
2 DM (db–/db–) mice with ischemic hind limbs showed 
that injection of  epidermal growth factor (EGF)treated 
BMSC into the affected hind limbs increased angiogene
sis by over 90%[67]. Such angiogenesis was due to the 
fact that the injected BMSC differentiated into new mi
crovessels (neovascularization), using intercellular adhe
sion molecule1 and vascular cell adhesion protein1 for 
adhesion and migration[67].Overall, it is possible that anti 
diabetic agents with angiogenic activity could be used to 
enhance blood flow to fracture sites, which may in turn 
accelerate bone healing, and might also prevent osteo
penia/osteoporosis. Conversely, certain rheological drugs, 
such as pentoxifylline, which increase blood flow and oste-
oblast activity, might be promising as antiosteoporotic 
agents in both DM and nonDM patients[68].
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In addition to medications, alternative interventions 
often prescribed to DM patients, such as exercise/physical 
activity, may be indirectly useful since they are expected 
to mitigate microangiopathy in bone by increasing neo
vascularization and blood flow. In vivo investigation in 
swimming rats showed higher bone capillary vascularity 
compared with sedentary controls[69]. Such higher vas
culogenesis following exercise has been postulated to 
result from an increase in circulating EPCs[70,71]. Adams 
and colleagues demonstrated the elevation of  EPC levels 
after singleexercise stress in patients with coronary artery 
disease[70]. An increase in EPC level was accompanied by 
an elevation of  plasma VEGF[70,71], a crucial growth factor 
for EPC proliferation, differentiation and migration[70,71]. 
Thus, certain physical activities/interventions, such as 
appropriate endurance exercise, should improve perfusion 
in bone and alleviate bone loss in DM patients. Never
theless, in “highrisk” individuals, including DM patients 
with very low BMD, previous lowimpact/nontraumatic 
fractures and/or chronic use of  corticosteroids, specific 
treatments for osteoporosis are still necessary (for reviews 
regarding the treatments of  osteoporosis in DM patients, 
please see Refrences [15,21]).

CONCLUSION
In addition to neurovascular, ocular and renal compli
cations, osteopenia and osteoporosis are important de
bilitating problems in DM patients. Osteoporosis and 
several other DM complications (e.g. visual impairment 
and gait imbalance) increase the risk of  falls, fragility and 
lowimpact fractures. It is apparent that hyperglycemia 
in DM directly suppresses osteoblastmediated bone 
formation, while conversely promoting osteoclastmedi
ated bone resorption, adipogenic differentiation of  me
senchymal stem cells (also precursors of  osteoblasts), 
and fat accumulation in the marrow cavity, all of  which 
deteriorate bone quality and strength and increase sus
ceptibility to fracture. Therefore, an effective glycemic 
control should be the hallmark of  prevention and treat
ment of  DMinduced osteoporosis. Lowering of  plasma 
glucose by appropriate antidiabetic drugs, recombinant 
insulin, herbal medications and/or lifestyle interventions 
(e.g. exercise) should help promote osteoblast function, 
angiogenesis (neovascularization) and bone perfusion, 
and help reduce fat accumulation in the marrow cavity, 
all of  which eventually lead to better bone health for the 
DM patients.
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GENERAL INFORMATION
World Journal of  Diabetes (World J Diabetes, WJD, online ISSN 
1948-9358, DOI: 10.4239), is a monthly, open-access (OA), pe 
er-reviewed journal supported by an editorial board of  323 exp-
erts in diabetes mellitus research from 38 countries.

The biggest advantage of  the OA model is that it provides 
free, full-text articles in PDF and other formats for experts and 
the public without registration, which eliminates the obstacle that 
traditional journals possess and usually delays the speed of  the 
propagation and communication of  scientific research results.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scientist, 
and build an important bridge for communication between 
scientists and the public. As we all know, the significance of  the 
publication of  scientific articles lies not only in disseminating 
and communicating innovative scientific achievements and aca-
demic views, as well as promoting the application of  scientific 
achievements, but also in formally recognizing the “priority” and 
“copyright” of  innovative achievements published, as well as 
evaluating research performance and academic levels. So, to realize 
these desired attributes of  WJD and create a well-recognized 
journal, the following four types of  personal benefits should be 
maximized. The maximization of  personal benefits refers to the 
pursuit of  the maximum personal benefits in a well-considered 
optimal manner without violation of  the laws, ethical rules and the 
benefits of  others. (1) Maximization of  the benefits of  editorial 
board members: The primary task of  editorial board members 
is to give a peer review of  an unpublished scientific article via 
online office system to evaluate its innovativeness, scientific and 
practical values and determine whether it should be published or 
not. During peer review, editorial board members can also obtain 
cutting-edge information in that field at first hand. As leaders in 
their field, they have priority to be invited to write articles and 
publish commentary articles. We will put peer reviewers’ names 
and affiliations along with the article they reviewed in the journal to 
acknowledge their contribution; (2) Maximization of  the benefits 
of  authors: Since WJD is an open-access journal, readers around 
the world can immediately download and read, free of  charge, high-
quality, peer-reviewed articles from WJD official website, thereby 
realizing the goals and significance of  the communication between 
authors and peers as well as public reading; (3) Maximization of  
the benefits of  readers: Readers can read or use, free of  charge, 
high-quality peer-reviewed articles without any limits, and cite 
the arguments, viewpoints, concepts, theories, methods, results, 
conclusion or facts and data of  pertinent literature so as to validate 
the innovativeness, scientific and practical values of  their own 
research achievements, thus ensuring that their articles have novel 
arguments or viewpoints, solid evidence and correct conclusion; 
and (4) Maximization of  the benefits of  employees: It is an 
iron law that a first-class journal is unable to exist without first-
class editors, and only first-class editors can create a first-class 
academic journal. We insist on strengthening our team cultivation 
and construction so that every employee, in an open, fair and 
transparent environment, could contribute their wisdom to edit 
and publish high-quality articles, thereby realizing the maximization 
of  the personal benefits of  editorial board members, authors and 
readers, and yielding the greatest social and economic benefits.

Aims and scope
The major task of  WJD is to report rapidly the most recent results 
in basic and clinical research on diabetes including: metabolic syn-
drome, functions of  α, β, δ and PP cells of  the pancreatic islets, 
effect of  insulin and insulin resistance, pancreatic islet transplanta-
tion, adipose cells and obesity, clinical trials, clinical diagnosis and 
treatment, rehabilitation, nursing and prevention. This covers epi-
demiology, etiology, immunology, pathology, genetics, genomics, 
proteomics, pharmacology, pharmacokinetics, pharmacogenetics, 
diagnosis and therapeutics. Reports on new techniques for treating 
diabetes are also welcome.

Columns
The columns in the issues of  WJD will include: (1) Editorial: To 
introduce and comment on major advances and developments 
in the field; (2) Frontier: To review representative achievements, 
comment on the state of  current research, and propose directions 
for future research; (3) Topic Highlight: This column consists of  
three formats, including (A) 10 invited review articles on a hot 
topic, (B) a commentary on common issues of  this hot topic, and 
(C) a commentary on the 10 individual articles; (4) Observation: 
To update the development of  old and new questions, highlight 
unsolved problems, and provide strategies on how to solve the 
questions; (5) Guidelines for Basic Research: To provide guidelines 
for basic research; (6) Guidelines for Clinical Practice: To provide 
guidelines for clinical diagnosis and treatment; (7) Review: To 
review systemically progress and unresolved problems in the field, 
comment on the state of  current research, and make suggestions 
for future work; (8) Original Article: To report innovative and 
original findings in diabetes; (9) Brief  Article: To briefly report 
the novel and innovative findings in diabetes research; (10) Case 
Report: To report a rare or typical case; (11) Letters to the Editor: 
To discuss and make reply to the contributions published in WJD, 
or to introduce and comment on a controversial issue of  general 
interest; (12) Book Reviews: To introduce and comment on quality 
monographs of  diabetes mellitus; and (13) Guidelines: To introduce 
consensuses and guidelines reached by international and national 
academic authorities worldwide on basic research and clinical 
practice in diabetes mellitus.
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of  Open Access Journals.
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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statisital review is performed after peer review. We invite an expert 
in Biomedical Statistics from to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
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squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should be 
described when they are used to verify the results; (2) Whether the 
statistical techniques are suitable or correct; (3) Only homogeneous 
data can be averaged. Standard deviations are preferred to standard 
errors. Give the number of  observations and subjects (n). Losses 
in observations, such as drop-outs from the study should be re-
ported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewersassess any 
potential bias, WJD requires authors of  all papers to declare any 
competing commercial,  personal, political, intellectual, or religious 
interests in relation to the submitted work. Referees are also asked 
to indicate any potential conflict they might have reviewing a 
particular paper. Before submitting, authors are suggested to read 
“Uniform Requirements for Manuscripts Submitted to Biomedical 
Journals: Ethical Considerations in the Conduct and Reporting of  
Research: Conflicts of  Interest” from International Committee of  
Medical Journal Editors (ICMJE), which is available at: http://www.
icmje.org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for 
serving as a speaker, a consultant and an advisory board member for 
[names of  organizations], and has received research funding from 
[names of  organization]. [Name of  individual] is an employee of  
[name of  organization]. [Name of  individual] owns stocks and shares 
in [name of  organization]. [Name of  individual] owns patent [patent 
identification and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee 
or it should be stated clearly in the text that all persons gave their 
informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
omitted. Authors should also draw attention to the Code of  Ethics 
of  the World Medical Association (Declaration of  Helsinki, 1964, 
as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should 
follow the highest standards and the trial should comform to Good 
Clinical Practice (for example, US Food and Drug Administration 
Good Clinical Practice in FDA-Regulated Clinical Trials; UK 
Medicines Research Council Guidelines for Good Clinical Practice 
in Clinical Trials) and/or the World Medical Association Declaration 
of  Helsinki. Generally, we suggest authors follow the lead inves-
tigator’s national standard. If  doubt exists whether the research 
was conducted in accordance with the above standards, the authors 
must explain the rationale for their approach and demonstrate 
that the institutional review body explicitly approved the doubtful 
aspects of  the study. 

Before submitting, authors should make their study approved 
by the relevant research ethics committee or institutional review 
board. If  human participants were involved, manuscripts must be 
accompanied by a statement that the experiments were undertaken 
with the understanding and appropriate informed consent of  each. 
Any personal item or information will not be published without 
explicit consents from the involved patients. If  experimental animals 
were used, the materials and methods (experimental procedures) 
section must clearly indicate that appropriate measures were taken to 
minimize pain or discomfort, and details of  animal care should be 
provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 

Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Abs-
tract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting 
of  clinical trials, we endorse the policy of  the International Com-
mittee of  Medical Journal Editors to refuse to publish papers 
on clinical trial results if  the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, 
to our knowledge, is http://www. clinicaltrials.gov sponsored by 
the United States National Library of  Medicine and we encourage 
all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1948-9358office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (ht tp ://www.wjgnet .com/1948-9358/
g_info_20100107165233.htm) before attempting to submit online. 
For assistance, authors encountering problems with the Online 
Submission System may send an email describing the problem 
to wjd@wjgnet.com, or by telephone: +86-10-59080038. If  you 
submit your manuscript online, do not make a postal contribution. 
Repeated online submission for the same manuscript is strictly 
prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required 
information for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; (2) 
drafting the article or revising it critically for important intellectual 
content; and (3) final approval of  the version to be published. Auth-
ors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One 
author may be represented from two institutions, for example, Ge-
orge Sgourakis, Department of  General, Visceral, and Transplan-
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tation Surgery, Essen 45122, Germany; George Sgourakis, 2nd 
Surgical Department, Korgialenio-Benakio Red Cross Hospital, 
Athens 15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g., 
Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJD, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Uni-
versity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 
MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P values 
where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid communi-
cation and case reports, the main text should be structured into 
the following sections: INTRODUCTION, MATERIALS AND 

METHODS, RESULTS and DISCUSSION, and should include 
appropriate Figures and Tables. Data should be presented in the 
main text or in Figures and Tables, but not in both. The main 
text format of  these sections, editorial, topic highlight, case 
report, letters to the editors, can be found at: http://www.wjgnet.
com/1948-9358/g_info_20100107165233.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet .com/1007-9327/13/4554.pdf; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
compiled is necessary in line-art image. Scale bars should be  
used rather than magnification factors, with the length of  the bar  
defined in the legend rather than on the bar itself. File names should  
identify the figure and panel. Avoid layering type directly over  
shaded or textured areas. Please use uniform legends for the  
same subjects. For example: Figure 1 Pathological changes in 
atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; 
G: …etc. It is our principle to publish high resolution-figures for the 
printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. 
Detailed legends should not be included under tables, but rather 
added into the text where applicable. The information should 
complement, but not duplicate the text. Use one horizontal line 
under the title, a second under column heads, and a third below 
the Table, above any footnotes. Vertical and italic lines should be 
omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining 
written permission to use any copyrighted text and/or illustrations.
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Coding system
The author should number the references in Arabic numerals 
according to the citation order in the text. Put reference numbers 
in square brackets in superscript at the end of  citation content or 
after the cited author’s name. For citation content which is part of  
the narration, the coding number and square brackets should be 
typeset normally. For example, “Crohn’s disease (CD) is associated 
with increased intestinal permeability[1,2]”. If  references are cited 
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