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Abstract

The discovery that small size at birth and during in-
fancy are associated with a higher risk of diabetes
and related metabolic disease in later life has pointed
to the importance of developmental factors in these
conditions. The birth size associations are thought to
reflect exposure to adverse environmental factors dur-
ing early development but the mechanisms involved
are still not fully understood. Animal and human work
has pointed to the importance of changes in the set-
point of a number of key hormonal systems controlling
growth and development. These include the IGF-1/GH
axis, gonadal hormones and, in particular, the systems
mediating the classical stress response. Several stud-
ies show that small size at birth is linked with increased
activity of the hypothalamic-pituitary-adrenal axis and
sympathoadrenal system in adult life. More recent hu-
man studies have shown associations between specific
adverse experiences during pregnancy, such as famine
or the consumption of adverse diets, and enhanced
stress responses many decades later. The mediators of
these neuroendocrine responses are biologically potent
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and are likely to have a direct influence on the risk of
metabolic disease. These neuroendocrine changes may
also have an evolutionary basis being part of broader
process, termed phenotypic plasticity, by which adverse
environmental cues experienced during development
modify the structure and physiology of the adult to-
wards a phenotype adapted for adversity. The changes
are clearly advantageous if they lead to a phenotype
which is well-adapted for the adult environment, but
may lead to disease if there is subsequent overnutrition
or other unexpected environmental conditions.

© 2011 Baishideng. All rights reserved.

Key words: Neuroendocrine fetal programming; Meta-
bolic disease; Diabetes; Hypothalamic-pituitary-adrenal
axis; Stress responses; Birth weight
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INTRODUCTION

Evidence that adult type 2 diabetes and related meta-
bolic conditions might have a developmental origin came
originally from a seties of studies showing that they were
associated with small size at birth!"”. Size at birth is the
product of a fetus’ trajectory of growth, which is set up
at an early stage in development, and the maternoplacen-
tal capacity to supply sufficient nutrients and oxygen to
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maintain that trajectory. Although many factors contrib-
ute towards fetal growth, reductions in fetal size at term
in otherwise normal population are thought to reflect
fetal environmental adversity. However, it is cleatly a sur-
rogate marker that itself is probably not causally linked
with long-term risks of diabetes and metabolic disease. It
is generally recognised that measurements such as birth
and infant weights are crude measurements that only
represent a summary measure of the success of fetal and
infant development. However, recent studies demonstrate
associations between specific maternal adversities, such
as undernutrition during pregnancy, and features of the
metabolic syndrornem.

One important feature of the epidemiological find-
ings is that the associations with metabolic disease are
graded across the birth weight range. Not all small babies
develop diabetes and the proportion affected gener-
ally declines with increasing birth weight. In addition,
birth weight or other measures of fetal growth are not
linear measurements of developmental potential. Fetal
overgrowth or macrosomia is often linked with maternal
diabetes and is known to predispose to obesity, metabolic
and vascular disease in later life. Consequently, many
studies report inverse J-shaped or U-shaped relationships
between measures of early growth and subsequent dis-
case risk. So, for example, diabetes is associated with both
low and high birth weights. However, despite the short-
comings of these measurements, a body of evidence has
emerged linking patterns of fetal growth with metabolic
outcomes in later life”.

Despite the substantial evidence that an adverse eatly
environment as indicated by small size at birth is linked
with a higher prevalence of metabolic disease in adult
life, it is still unclear as to how events 7z #fero can affect
disease predisposition some five to six decades later.
Recently there has been much interest in the possibility
that the early environment may have long-term effects
through resetting a diverse array of hormonal systems
that control growth and development. It has been known
for a long time that the set point of these systems is plas-
tic and can be programmed or permanently altered by
events zn utero or eatly infancym. Several neuroendocrine
systems appear to be involved but of particular impor-
tance is evidence that the major hormonal systems which
mediate the stress response including the hypothalamic-
pituitary-adrenal (HPA) axis and autonomic nervous
system are involved'. Because the hormonal mediators
of the stress response, including glucocorticoids and cat-
echolamines, have biologically potent effects on metabo-
lism and the vasculature, it has proved to be an attractive
idea that these may have an important role in mediating
the effects of the early environment.

PERINATAL PROGRAMMING OF THE
NEUROENDOCRINE STRESS RESPONSE

Animal studies
A very large number of animal studies have clearly
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demonstrated that manipulation of the fetal or early
post-natal environment can profoundly influence stress
responsiveness and behaviors in later life in juvenile and
adult offspring” . As a general consensus, maternal stress
during pregnancy leads to increased HPA activity in rat,
guinea pig and primate offspring. However, the outcomes
of these animal studies have been quite variable. Within a
species, outcomes in the offspring have been shown to be
highly dependent on the nature of the maternal manipu-
lation (i.e., maternal stress, glucocorticoid exposure, un-
dernutrition or overnutrition) as well as the timing, inten-
sity and duration of the manipulation in pregnancy. For
example, while maternal stress in the guinea pig in late
gestation leads to elevated HPA activity in male offspring,
exposure to synthetic glucocorticoid, at very similar times
in gestation, results in adult offspring that exhibit reduced
HPA activity®™. Timing of exposure is also critical. A
brief exposure to maternal stress at 70% of the dura-
tion of gestation in the guinea pig resulted in adult male
offspring that exhibited elevated baseline plasma cortisol
levels but normal adrenocortical responses to stress. In
contrast, an identical stress given at 90% of the duration
of gestation resulted in adult male offspring that exhib-
ited normal basal cortisol concentrations but increased
cortisol responses to challenge[s]. Outcomes in offspring
following maternal manipulation are also dependent on
sex, age at which the outcome analysis is undertaken
and, in females, the stage of the reproductive cycle when
outcome is assessed. As an example, adult female guinea
pigs, born to mothers exposed to stress in late gestation,
showed a reduced cortisol response to stress compared to
control offspring, but only in the estrous phase of the re-
productive cycle!"”. Overall, females are underrepresented
in studies undertaken in animal models, likely due to the
considerations above. There also appears to be strong
interaction between the prenatal and post-natal environ-
ments, such that manipulation of the post-natal environ-
ment (such as cross-fostering) can reduce or reverse the
effects of the prenatal manipulation.

Modification of the early post-natal environment
can also have profound influences on HPA function and
behaviors. A large number of these studies have been
undertaken in mice and rats. Manipulations have included
altered levels of maternal care, neonatal handling of pups
and maternal stress during lactation”!, Tn this regard,
neonatal handling and increased levels of maternal care
lead to a reduction in basal HPA function and a reduced
response to stress in adult offspring, In contrast, mater-
nal stress during the postnatal period leads to increased
HPA function and increased depressive-like behaviors
in adult mouse offspring>'. In summary, it is clear that
the developing HPA axis is very vulnerable to the effects
of early environment, which result in lifelong changes in
adrenocortical function.

Many of the differences that have been observed be-
tween species likely arise from differences in the profile
of fetal body and brain development that exist between
species. Neuroendocrine development appears to be most
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vulnerable during phases of rapid brain growth!”. Rapid
brain growth occurs during fetal life in sheep, guinea pigs
and many primates. In humans, the rapid phase of brain
development is initiated in the last trimester and extends
into the neonatal period. However, in many rodent spe-
cies, including rats and mice, maximal brain growth is not
initiated until approximately 7 d after birth. As such, a pe-
riod of maternal stress in the guinea pig at mid-gestation
would correspond to a very different phase of fetal brain
and neuroendocrine development in the mouse or rat at
the same stage of gestation.

Most recently it has been shown that prenatal stress,
maternal glucocorticoid treatment, maternal nutrient
restriction and maternal stress during lactation can have
transgenerational influences on HPA function, metabolic
and cardiovascular function, and behaviors'>'*'"". Con-
siderable work is now being undertaken to determine the
mechanisms involved in this process. Emerging evidence
suggests that these include epigenetic modifications that

can be transmitted through the germline!',

Human studies

There have now been a number of studies which have
reported associations between birth size and fasting
plasma cortisol concentrations. In the Hertfordshire Co-
hort Study, a birth to death study of a large number of
men and women born in the country of Hertfordshire,
England, between 1920 and 1930, fasting cortisol con-
centrations decreased lineatly from 408 nmol/L in those
who weighed 5.5 Ib or less to 309 nmol/L amongst those
who weighed 9.5 Ib or more, a trend which was paral-
leled by the concentration of the biologically active, free
hormone concentrations' . Similar findings have been
reported in other populations and a meta-analysis of 11
studies of the relationship between birth weight and cor-
tisol concentrations reported that cortisol concentrations
fell on average by 25.3 nmol/L/kg (95% CI: 5.9-44.8)
increase in birth Weightlzoj. In more detailed studies in
the Hertfordshire Cohort Study, lower birth weight was
found to be associated with enhanced plasma cortisol
responses to Synacthen (ACTHi24) in both men and
women"", The cortisol response following an ACTH (ad-
renocorticotropic hormone) stimulation test reflects both
adrenal size and the trophic effect of ACTH stimulation
but does not elucidate the reason for the increased HPA
activity in men or women of low birth weight. A number
of groups have reported that the secretion of cortisol in
the unstressed state did not appear to be related to birth
weight. Hence, the previously observed relationship be-
tween birth weight and morning cortisol concentrations
was not caused by alteration in the underlying rhythm of
cortisol secretion but rather might represent a stress re-
sponse involving higher centers in the brain and probably
occurring as a result of the combination of fasting and
the novel clinic setting in which the blood samples were
obtained. A number of studies now suggest that people
with low birth weight do have an enhanced biological
response to stress. Studies of a large cohort of Swed-
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ish army recruits have shown a continuous relationship
between size at birth and stress susceptibility at a psycho-
logical assessment which was carried out to assess their
suitability for military combat duties™. These results
are supported by a study of 106 young healthy males
who were exposed to the Trier Social Stress Test: a psy-
chological stress test involving a public speaking task™.
These findings were also supported by a study of young
children born in Southampton, who formed part of a
prospective study of mothers and babies born at Princess
Ann Hospital, Southampton. Again using the Trier test,
a cross-sectional study of 68 boys and 72 gitls (aged 7-9
years) was realized. In boys, markers of fetal growth re-
striction, such as low birth weight, were associated with
raised arterial pressure and systemic vascular resistance,
particulatly following the stress test™. In contrast, girls
who were small at birth showed no such associations,
but did show greater cardiac sympathetic nervous system
activation as indicated by measures of pre-ejection pe-
riod and corrected QT interval, both at rest and during
stress”™. The findings of these studies suggested that
there were marked gender differences in the nature of the
relationship between size at birth and the stress response
which reflect many of the findings of animal studies.
Other adverse maternal factors during pregnancy,
such as famine or the consumption of unusual diets, are
also associated with alterations in the biological response
to stress again supporting the idea that these neuro-
endocrine changes are not merely a consequence of low
birth weight per se but rather a response to adversity.
Relatively little is known about the relationship be-
tween infant growth and the development of the stress
response. However, work in two groups of Jamaican chil-
dren who experienced growth retardation during infancy
has shown that in comparison with controls, stunted chil-
dren have higher heart rates, raised salivary cortisol con-
centrations and increased urinary catecholamine secretion

following a psychological stressor’.

Neuroendocrine stress response and the metabolic
syndrome

A number of studies utilizing animal models have shown
that the same prenatal and postnatal manipulations that
lead to programming of HPA function and behaviors
also lead to altered cardiovascular function and glucose
homeostasis, and predisposition to metabolic disease. It
is well established that the HPA axis plays a major role in
the regulation of metabolic function; indeed, modifica-
tion of metabolic function is a key component of the
stress responsem]. As such, increases in HPA function
which are known to result from these early life manipu-
lations may lead directly to predisposition to metabolic
disease. Alternatively, eatly life manipulation, such as ma-
ternal glucocorticoid treatment may lead to permanent
changes in the development and subsequent function
systems that regulate blood pressure, glucose insulin ho-
meostasis and adipose function. For example, prenatal
glucocorticoid treatment leads to permanent changes in
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the expression of hepatic genes that are involved in glu-
cose homeostasis (i.e., phosphoenolpyruvate carboxyki-
nasem) and tissue specific changes in glucocorticoid
receptors in the liver, brain and adipose as well as struc-
tural changes in the kidney (including reduced nephron
number)”",

Bjorntorpm‘ was among the first to suggest that a
neuroendocrine disturbance involving the HPA axis may
play an important part in the causation of the metabolic
syndrome in humans. As patients with Cushing’s syn-
drome develop a severe form of the metabolic syndrome
with hypertension, insulin resistance, glucose intolerance,
dyslipidemia and central obesity, it is an attractive idea
that less profound disturbances of the HPA might un-
detlie the metabolic syndrome. Case-control and cross-
sectional studies of people without pituitary or adrenal
disease show that elevated plasma cortisol concentrations
in morning samples are associated with high blood pres-
sure, glucose intolerance, insulin resistance and hyper-
lipidemia[34‘. However, an increasing body of evidence
also suggests that physiological alterations in autonomic
responses are also likely to be involved in the syndrome.
For example, stress responsiveness to stressors that pre-
dominantly involve sympathetic activation are associated
with carotid atherosclerosis, increased left ventricular
mass and, in follow-up studies, with subsequent blood

pressure and the prevalence of hypertension””

EVOLUTIONARY IMPLICATIONS

It is likely that these neuroendocrine mechanisms have an

important evolutionary basis in that they allow adaptation
of organisms to their expected postnatal environments
within a single generation while genetic adaptation in
response to environmental pressures would take much
longer to influence survival characteristics. These short-
term adaptations are part of a process known as devel-
opmental plasticity which is widely recognized in animal
species, including vertebrates and invertebrates. Expo-
sure of the mother to vatious forms of adversity during
gestation triggers changes in the offspring phenotype
affecting both morphology and physiology. These adver-
sities include the level of resources, population density,
temperature, the prevalence of parasites and the pres-
ence of predators. The phenotypic changes produced in
the offspring tend to be adaptive as they are linked to an
increase in offspring survival and reproductive success™
It is thought that the HPA axis, which is highly conserved
in vertebrate taxa, plays a central role in producing these
phenotypic adaptations to adversity in vertebrates. Glu-
cocorticoids are known to influence the expression of
approximately 10% of the genotype, including genes
controlling metabolism, growth, repair and reproduction.
Glucocorticoid exposure during growth and development
leads to a variety of physiological and anatomical changes
appropriate to adversity. These include insulin resistance,
which reduces energy invested into growth and metabo-
lism, the development of visceral fat to provide a fuel re-
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serve and buffer in unpredictable conditions, and reduced
skeletal muscle mass to decrease energetic demands. A
heightened stress response enables greater chance of sur-
vival in a nutrient-deprived and, therefore, predator-rich
environment.

It is likely that these endocrine effects are particularly
important in species where the period of development
and lifespan is relatively brief and the organism can re-
spond appropriately to short-term changes in the envi-
ronment. The situation is more complicated in long-lived
species, including humans, where development occurs
over more than one season and environmental cues op-
erating during pregnancy may not be appropriate for the
environment up to several decades later. Many of these
species are “capital breeders” as the energy for repro-
duction is stored by the mother prior to conceptionm’}s].
This buffers the offspring against short-term ecological
fluctuations or annual cycles but there is still need to be
able to respond to longer-term changes in the environ-
ment. One suggestion as to how this could occur is for
HPA axis responses in the feto-maternal unit to reflect
the experiences of the prior generation or generations.
Thus, the signal received by the fetus is an integrated
signal conditioned not only by the mother’s current envi-
ronment but also by her neuroendocrine experience back
to her own uterine environment, and by prior generations
of the matriline. There is increasing evidence that HPA
axis responses show intergenerational transmission, per-
haps through epigenetic modifications””; this may allow
the fetus to “see” an average environment sampled over
several decades or even generations and make appropri-
ate phenotypic adaptations.

CONCLUSION

Despite the wealth of animal data, neuroendocrine pro-

gramming in humans is largely neglected. The mecha-
nisms involved are clearly complex and hard to disen-
tangle. For example, the effects of stressful influences on
the mother are complex and are likely to be conditioned
by other factors, such as the maternal social environment,
the fetal and maternal genetic backgrounds, the maternal
carly environment and transgenerational effects. How-
ever, neuroendocrine programming may be a common
pathway by which a wide vatiety of adverse external in-
fluences have long-term effects on the fetus. These influ-
ences include psychosocial stress, ergonomic challenges
(for example, prolonged standing or carrying heavy
loads), maternal diet (macro- and micronutrient intakes,
dietary balance), the physical environment (heat or cold),
exposure to environmental toxins or drugs and maternal
illness. It is likely that maternal stressors affect the fetus
by the transplacental passage of maternal hormones,
such as cortisol. The human fetal HPA axis is well devel-
oped and functional in late gestation and able to respond
to external factors, especially hypoxia and nutrient restric-
tion. Therefore, external factors that reduce uterine blood
flow would restrict fetal nutrient or oxygen supply and
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may initiate a fetal stress response. Examples of these are
likely to be ergonomic factors, such as prolonged stand-
ing or carrying heavy loads, or the release of maternal
stress hormones that in turn reduce uterine vascular per-
fusion. In the human context, maternal stress may also
affect the fetus by influencing maternal behaviors. These
include maternal self-medication, smoking and consump-
tion of alcohol. The effects of stressors in the neonatal
period and infancy and the extent to which the neonate
or infant responds to stressors are pootly understood. Yet
the large body of data from animal studies in a variety of
species from rodent to nonhuman primates suggests that
external stressors at this time have the potential for long-
term, important effects. Neonatal vulnerability to stress is
likely to be enhanced by factors, such as prematurity, mul-
tiple birth, mode of delivery and low birth weight. These
factors would be expected to increase the susceptibility
to identifiable stressors, such as cold, trauma and surgery,
illness, antigenic challenge and difficulties in establish-
ing feeding (breast or artificial). It is important that these
carly influences are understood; to achieve this represents
a challenge to both basic and clinical research.

REFERENCES

1 Hales CN, Barker D]J, Clark PM, Cox L], Fall C, Osmond C,
Winter PD. Fetal and infant growth and impaired glucose
tolerance at age 64. BMJ 1991; 303: 1019-1022

2 Phillips DI. Birth weight and the future development of
diabetes. A review of the evidence. Diabetes Care 1998; 21
Suppl 2: B150-B155

3 Roseboom TJ, van der Meulen JH, Ravelli AC, Osmond C,
Barker DJ, Bleker OP. Effects of prenatal exposure to the
Dutch famine on adult disease in later life: an overview.
Twin Res 2001; 4: 293-298

4  Phillips D. Endocrine programming and fetal origins of
adult disease. Trends Endocrinol Metab 2002; 13: 363

5  Weinstock M. The long-term behavioural consequences of
prenatal stress. Neurosci Biobehav Rev 2008; 32: 1073-1086

6 Kapoor A, Dunn E, Kostaki A, Andrews MH, Matthews SG.
Fetal programming of hypothalamo-pituitary-adrenal func-
tion: prenatal stress and glucocorticoids. | Physiol 2006; 572:
31-44

7 Cottrell EC, Seckl JR. Prenatal stress, glucocorticoids and the
programming of adult disease. Front Behav Neurosci 2009; 3:
19

8  Kapoor A, Matthews SG. Short periods of prenatal stress af-
fect growth, behaviour and hypothalamo-pituitary-adrenal
axis activity in male guinea pig offspring. | Physiol 2005; 566:
967-977

9 Liu L, Li A, Matthews SG. Maternal glucocorticoid treat-

ment programs HPA regulation in adult offspring: sex-

specific effects. Am | Physiol Endocrinol Metab 2001; 280:

E729-E739

Kapoor A, Matthews SG. Prenatal stress modifies behav-

ior and hypothalamic-pituitary-adrenal function in female

guinea pig offspring: effects of timing of prenatal stress

and stage of reproductive cycle. Endocrinology 2008; 149:

6406-6415

Meaney MJ, Diorio ], Francis D, Weaver S, Yau ], Chapman

K, Seckl JR. Postnatal handling increases the expression of

cAMP-inducible transcription factors in the rat hippocam-

pus: the effects of thyroid hormones and serotonin. | Neuro-

sci 2000; 20: 3926-3935

Franklin TB, Russig H, Weiss 1C, Griff ], Linder N, Mich-

10

11

12

K

gnizmoﬁng@) WJD | www.wjgnet.com

Phillips DIW et a/. Neuroendocrine metabolic programming

215

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

alon A, Vizi S, Mansuy IM. Epigenetic transmission of the
impact of early stress across generations. Biol Psychiatry
2010; 68: 408-415

Weaver IC, Cervoni N, Champagne FA, D’Alessio AC,
Sharma S, Seckl JR, Dymov S, Szyf M, Meaney M]. Epigen-
etic programming by maternal behavior. Nat Neurosci 2004; 7:
847-854

Aisa B, Tordera R, Lasheras B, Del Rio ], Ramirez M]. Cogni-
tive impairment associated to HPA axis hyperactivity after
maternal separation in rats. Psychoneuroendocrinology 2007;
32: 256-266

Dobbing J, Sands J. Comparative aspects of the brain
growth spurt. Early Hum Dev 1979; 3: 79-83

Drake AJ, Walker BR, Seckl JR. Intergenerational conse-
quences of fetal programming by in utero exposure to glu-
cocorticoids in rats. Am | Physiol Regul Integr Comp Physiol
2005; 288: R34-R38

Bertram C, Khan O, Ohri S, Phillips DI, Matthews SG,
Hanson MA. Transgenerational effects of prenatal nutrient
restriction on cardiovascular and hypothalamic-pituitary-
adrenal function. | Physiol 2008; 586: 2217-2229

Mueller BR, Bale TL. Sex-specific programming of offspring
emotionality after stress early in pregnancy. ] Neurosci 2008;
28: 9055-9065

Phillips DI, Barker DJ, Fall CH, Seckl JR, Whorwood CB,
Wood PJ, Walker BR. Elevated plasma cortisol concentra-
tions: a link between low birth weight and the insulin resis-
tance syndrome? | Clin Endocrinol Metab 1998; 83: 757-760
van Montfoort N, Finken M]J, le Cessie S, Dekker FW, Wit
JM. Could cortisol explain the association between birth
weight and cardiovascular disease in later life? A meta-
analysis. Eur | Endocrinol 2005; 153: 811-817

Reynolds RM, Walker BR, Syddall HE, Andrew R, Wood
PJ, Whorwood CB, Phillips DI. Altered control of cortisol
secretion in adult men with low birth weight and cardiovas-
cular risk factors. | Clin Endocrinol Metab 2001; 86: 245-250
Nilsson PM, Nyberg P, Ostergren PO. Increased susceptibil-
ity to stress at a psychological assessment of stress tolerance
is associated with impaired fetal growth. Int | Epidemiol
2001; 30: 75-80

Wiist S, Entringer S, Federenko IS, Schlotz W, Hellham-
mer DH. Birth weight is associated with salivary cortisol
responses to psychosocial stress in adult life. Psychoneuroen-
docrinology 2005; 30: 591-598

Jones A, Godfrey KM, Wood P, Osmond C, Goulden P, Phil-
lips DI. Fetal growth and the adrenocortical response to psy-
chological stress. | Clin Endocrinol Metab 2006; 91: 1868-1871
Jones A, Beda A, Ward AM, Osmond C, Phillips DI, Moore
VM, Simpson DM. Size at birth and autonomic function
during psychological stress. Hypertension 2007; 49: 548-555
Painter RC, de Rooij SR, Bossuyt PM, Phillips DI, Osmond
C, Barker DJ, Bleker OP, Roseboom TJ. Blood pressure re-
sponse to psychological stressors in adults after prenatal ex-
posure to the Dutch famine. | Hypertens 2006; 24: 1771-1778
Reynolds RM, Godfrey KM, Barker M, Osmond C, Phillips
DI. Stress responsiveness in adult life: influence of mother’
s diet in late pregnancy. | Clin Endocrinol Metab 2007; 92:
2208-2210

Fernald LC, Grantham-McGregor SM. Growth retardation
is associated with changes in the stress response system and
behavior in school-aged jamaican children. | Nutr 2002; 132:
3674-3679

Munck A, Naray-Fejes-Téth A. Glucocorticoids and stress:
permissive and suppressive actions. Ann N Y Acad Sci 1994;
746: 115-130; discussion 131-133

Nyirenda M]J, Lindsay RS, Kenyon CJ, Burchell A, Seckl JR.
Glucocorticoid exposure in late gestation permanently pro-
grams rat hepatic phosphoenolpyruvate carboxykinase and
glucocorticoid receptor expression and causes glucose intol-
erance in adult offspring. | Clin Invest 1998; 101: 2174-2181

December 15,2011 | Volume 2 | Issue 12 |



31

32

33

34

35

Phillips DIW et a/. Neuroendocrine metabolic programming

Cleasby ME, Kelly PA, Walker BR, Seckl JR. Programming
of rat muscle and fat metabolism by in utero overexposure
to glucocorticoids. Endocrinology 2003; 144: 999-1007
Welberg LA, Seckl JR. Prenatal stress, glucocorticoids and
the programming of the brain. | Neuroendocrinol 2001; 13:
113-128

Bjorntorp P. Regional fat distribution--implications for type
II diabetes. Int ] Obes Relat Metab Disord 1992; 16 Suppl 4:
519-527

Reynolds RM, Walker BR. Human insulin resistance: the
role of glucocorticoids. Diabetes Obes Metab 2003; 5: 5-12
Riikkonen K, Keltikangas-Jarvinen L, Adlercreutz H, Hau-
tanen A. Psychosocial stress and the insulin resistance syn-

(49

T
Raishideng®

WJD | www.wjgnet.com

216

36

37

38

39

drome. Metabolism 1996; 45: 1533-1538

Storm JJ, Lima SL. Mothers forewarn offspring about preda-
tors: a transgenerational maternal effect on behavior. Am
Nat 2010; 175: 382-390

Kuzawa CW. Fetal origins of developmental plasticity: are
fetal cues reliable predictors of future nutritional environ-
ments? Am | Hum Biol 2005; 17: 5-21

Wells JC. Maternal capital and the metabolic ghetto: An
evolutionary perspective on the transgenerational basis of
health inequalities. Am ] Hum Biol 2010; 22: 1-17

Matthews SG, Phillips DI. Minireview: transgenerational
inheritance of the stress response: a new frontier in stress
research. Endocrinology 2010; 151: 7-13

S- Editor Wu X L- Editor Roemmele A E- Editor Zheng XM

December 15,2011 | Volume 2 | Issue 12 |



wdJ D

World Journal of
Diabetes

Online Submissions: http:/ /www.wjgnet.com/1948-9358office

wjd@wjgnet.com
doi:10.4239/wjd.v2.i12.217

World | Diabetes 2011 December 15; 2(12): 217-220
ISSN 1948-9358 (online)
© 2011 Baishideng. All rights reserved.

BRIEF ARTICLE

Are proton pump inhibitors a new antidiabetic drug? A cross

sectional study

Diana Boj-Carceller, Pilar Bocos-Terraz, Miguel Moreno-Vernis, Alejandro Sanz-Paris, Pablo Trincado-Aznar,

Ramon Albero-Gamboa

Diana Boj-Carceller, Alejandro Sanz-Paris, Pablo Trincado-
Aznar, Ramon Albero-Gamboa, Endocrinology and Nutrition
Unit, Hospital Miguel Servet, 50009 Zaragoza, Spain

Pilar Bocos-Terraz, Hormonal Unit, Hospital Miguel Servet,
50009 Zaragoza, Spain

Miguel Moreno-Vernis, Clinical Documentation and Archives
Unit, Hospital Miguel Servet, 50009 Zaragoza, Spain

Author contributions: Boj-Carceller D and Bocos-Terraz P
conceived and designed the study, performed the analysis and in-
terpretation of data and wrote the manuscript; Moreno-Vernis M
collected the data and gave administrative support; Sanz-Paris A,
Trincado-Aznar P and Albero-Gamboa R gave a critical revision
of the article; all authors approved the version of the manuscript
to be published.

Correspondence to: Diana Boj-Carceller, Dr., Endocrinol-
ogy and Nutrition Unit, Hospital Miguel Servet, Paseo Isabel la
Catolica, 1-3, 50009 Zaragoza, Spain. dianna_bc@hotmail.com
Telephone: +34-976-765500-2164 Fax: +34-976-765509
Received: July 4, 2011 Revised: October 2, 2011
Accepted: October 10, 2011

Published online: December 15, 2011

Abstract

AIM: To investigate the effect of proton pump inhibi-
tors (PPIs) on glycemic control (HbAlc) in type 2 dia-
betic patients.

METHODS: A cross-sectional study of consecutive in-
patients admitted to hospital in any department during
the first semester of the year 2010 who had a recent
HbA1c measurement. The study excluded those with a
diagnosis of hyperglycemic decompensation, diabetic
onset or pregnancy. It compared HbA1c levels of those
taking PPIs and those not.

RESULTS: A total of 97 patients were recruited. The
average HbA1C level was 7.0% £ 1.2%. Overall PPI
consumption was 55.7%. HbAlc was significantly lower
in individuals who took PPIs: -0.6%, 95% CI: -0.12 to

(49

3ni§l:af;.,5® WJD | www.wjgnet.com

217

-0.83. People who used PPIs with some type of insu-
lin therapy had a HbA1c reduction by -0.8%, 95% CI:
-0.12 to -1.48. For the rest of subgroup analysis based
on the antidiabetic drug used, PPI consumption always
exhibited lower HbA1c levels.

CONCLUSION: PPIs seems to be consistently associ-
ated with better glycemic control in type 2 diabetes.
HbA1c reduction observed is similar to incretin-based
therapies.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Proton pump inhibitors (PPIs) have become one of the
most commonly prescribed class of drugs whose overall
safety profile is unquestionable!.

PPIs are mainly used to treat symptoms of gastro-
esophageal reflux disease and gastritis, but also to treat
peptic ulcers (duodenal and gastric), drug-induced ulcers
and to promote healing of erosive esophagirislzj.

They decrease secretion of gastric acid by blocking
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the last enzyme in the system that actively transports
acid from gastric parietal cells into the gastrointestinal lu-
men, hydrogen-potassium adenosine triphosphatase, also
known as the proton purnpm.

A physiological effect of acid suppression with PPIs
is a mild/modest hypergastrinemia which occurs with all
PPIs". Gastrin is known to be the major endocrine regu-
lator of the secretory response to a protein meal, while
somatostatin (SST) is a potent inhibitor of gastrin and
histamine synthesis and release and therefore, of gastric

acid secretion”.

In rodents, gastrin induces islet B-cell neogenesis“’ﬂ
and in 7n vitro studies, this hormone increases the [-cells
mass'.

A few retrospective studies in adults with diabetes ap-
pear to have shown that PPIs are associated with better
glycemic control. Mefford ez al” compared HbAlc levels
from type 2 diabetic patients taking PPIs (7.0%) and type
2 diabetics not taking them (7.6%), obtaining significant
differences.

Boj-Carceller ez al”in a personal communication, in a
smaller study with diabetic in-patients with poor glycemic
control (33.8% were type 1 diabetic patients), found that
those who were using PPIs had lower HbAlc levels (av-
erage HbAlc of 9.5%) than patients not taking PPIs (av-
erage HbAlc of 8.8%). After this, Hove ez al” conducted
a case-control study to investigate whether treatment with
esomeprazole (a type of PPI) improved HbAlc levels in
a group of type 2 diabetic patients. They found a border-
line significant reduction of HbAlc by 0.7%.

There are no more studies in the literature, so it would
be cost-effective to conduct one in order to evaluate if
PPIs are associated with better glycemic control in type 2
diabetic patients.

MATERIALS AND METHODS

This study was a cross-sectional study. From the electron-

ic medical record database, the authors selected consecu-
tive patients with type 2 diabetes who had been admitted
to hospital in any department during the first semester
of the year 2010 and had a HbAlc measurement during
their hospital stay. The study excluded those with a diag-
nosis of hyperglycemic decompensation, diabetic onset
of pregnancy.

It compared HbAlc levels of those taking PPIs and
those not taking PPIs by a two-sample / test. It also per-
formed the same comparison according to the antidiabet-
ic medication used (insulin, metformin, sulfonylurea and
“others” for the rest of antidiabetic drugs) by the Mann-
Whitney test.

HbA1c levels were determined by a high-performance
liquid cromatograph (Adams Alc HA-8160).

Data are presented as mean = SD and as percentages
for categorical data. P < 0.05 was considered statistically
significant. All statistical analyses were carried out using
the SPSS statistical package for Windows, version 17.0
(SPSS Inc., Chicago, 1L, United States).
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Table 1 Effect of treatment with proton pump inhibitors on

glycemic control (HbA1c) in patients with type 2 diabetes

Total Insulin Metformin Sulfonylurea  Others
antidiabetic
drugs
Without PPI
HbA1C (%) 7.3 7.6 7.4 7.2 8.0
SD (%) 14 15 16 11 12
n 43 19 24 11 4
With PPI
HbA1C (%) 6.7 6.8 6.7 6.7 7.2
SD (%) 1.0 08 1.0 0.7 12
n 54 28 23 10 13
Absolute -0.6 -0.8 -0.7 -0.5 -0.8
difference
P value 0.018  0.022 NS NS NS

PPI: Proton pump inhibitor; NS: Not significant.

RESULTS

A total of 97 subjects were included. There were 43 (44.3%)
women. The average age was 72 + 10.8 years. Overall,
PPI consumption was 55.7%. Glycemic control was ac-
ceptable (HbAlc < 7%) in 54.6% and the prevalence
ratio of acceptable good metabolic control was 1.81 (95%
ClI: 0.74-4.42), in favor of those taking PPIs.

Table 1 presents the main results. HbAlc was signifi-
cantly lower in individuals who take PPIs: -0.6% (P =
0.018), 95% CI: -0.12 to -0.83. When the study subdivided
these two groups based on diabetes treatment, those tak-
ing insulin and concurrent PPIs had better glycemic con-
trol; HbAclc of -0.8% points (P = 0.022), 95% CI: -0.12
to -1.48, compared with those taking insulin but not PPIs.

For the rest of comparisons there was a lack of sta-
tistical significance but the trend for lower HbAlc was
constant in all groups taking a PPIL.

DISCUSSION

The present study found a significant reduction of HbAlc
by 0.6% in patients with type 2 diabetes who were taking
a PPL In patients who were taking insulin with a PPI, the
reduction, also statistically significant, was 0.8%.

To date, three other studies have commented on a
beneficial effect of PPIs on the glycemic control in pa-
tients with diabetes. The results of the current study are
similar to Mefford e# a/” performed in a primary care
context with a bigger population sample and have the
same significant overall HbAlc reduction of -0.6% as-
sociated with PPI consumption. Although Hove 7 al”
and the group did not obtain statistically significant dif-
ferences, the reduction of HbAlc of those taking PPls
was identical 0.7%. The observation of these figures
could provide interesting insights into the potential mode
of action of PPIs since it is inside the range that Dipep-
tidyl peptidase-4 (Dpp-4) inhibitors and glucagon-like
peptide-1 agonists (exenatide) appear to lower Alc levels
-0.5% to -1%""", Actually, gastrin is a cousin of incretin
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hormones since they are both gastrointestinal peptides,
so PPIs could lower glycemia by a mechanism similar to
incretin-based therapies. In fact, it is known that PPIs
slow gastric emptying[lz’m which could decrease postpran-
drial hyperglycemic excursions, as glucagon-like peptide 1
does.

Other underlying mechanisms could be considered.
Acid secretion from parietal cells in the stomach is highly
regulated by a complex network of paracrine and endo-
crine effects. For instance, the effect of PPIs on glycemia
could be explained by SST decrease. Several studies seem
to show that administration of omeprazol decreased the
antral SST content significantly*'”. SST is an inhibitory
hormone that regulates numerous biological processes.
SST inhibits the secretion of glucagon and insulin. Al-
though the relationship between SST and diabetes is
not clear, the rare somatostatinoma'® and SST analogs
are followed frequently by a glucose metabolism imbal-
ance'”. There are no studies that assess SST plasmatic
concentration befotre and after PPI use.

In summary, PPIs may share most of the glucoregu-
latory effects of incretin-based therapies: increase islet-
cell mass, slow gastric emptying, decrease glucagon levels,
no weight gain and even adverse events such as concerns
about immune function.

The authors recognize that the study has several
limitations. Patient specific data were limited to that re-
corded in the database. Incomplete data collection about
medication is possible (including doses). PPIs are com-
monly used among the population and sometimes not
declared during anamnesis so the effect found may be
underestimated.

In our hospital, the determination of gastrin is not
available; this is the main reason it was not measured.
Nevertheless, it is known that it is higher in patients taking
PPIs.

Lastly, the analysis probably lacked power to compare
HbA1lc between specific diabetes treatment groups.

Close observation of the data imply that patients re-
trieved for this study had good glycemic control (in terms
of target HbAlc). Previously the group has found also
a positive effect on HbAlc in diabetic in-patients with
poor glycemic control. This may be an independent ef-
fect of the severity of disease.

Despite the inherent limitations of the study design,
PPIs appears to be strongly and consistently associated
with better glycemic control in type 2 diabetes in the four
published studies on the subject to date. The pharmacol-
ogy of these drugs implies several gastrointestinal pep-
tides, gastrin mainly, so it is not strange that the HbAlc
reduction observed is similar to DPP-4 inhibitors and
glucagon-like peptide-1 agonists.

Randomized clinical trials are required to evaluate the
efficacy of this possible new antidiabetic drug and eluci-
date its mechanism of action.
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Background

Type 2 diabetes mellitus is a complex disease whose physiopathology includes
a progressive loss of islet B-cell function. More than one medication will be nec-
essary for the majority of patients over time. Choices of therapies are usually
made according to efficacy, safety, tolerability, cost of medications, simplicity
and anticipated degree of patient adherence. New treatment strategies that
take into account these characteristics will be welcome. Gastrin has been said
to have trophic effects on -cell mass. Theoretically it is similar to an incretin, a
hormone released in the intestine associated with oral intake. Proton pump in-
hibitors (PPIs) are known to increase gastrin levels so they could be associated
with better glycemic control in diabetes.

Research frontiers

PPIs are widely used, safe and not very expensive medicines. In the area of
type 2 diabetes therapeutics, the research hotspot is the development of new
treatment targets and new therapies. Treatments targeting the incretin system
have recently generated interest. PPIs enhance gastrin, a gastrointestinal pep-
tide close to glucagon-like peptide 1, so it would be appropriate to explore the
antidiabetic properties of these drugs.

Innovations and breakthroughs

This study supports the hypothesis that PPIs are associated with better glyce-
mic control in type 2 diabetes patients. To date, this hypothesis has been ex-
plored by three other groups, including the authors, in different clinical contexts
(primary and hospital care) with positive and similar results in terms of decrease
of HbA1c. This article also speculates about the underlying mechanisms, con-
sidering an incretin-like effect.

Applications

If these results are demonstrated in randomized clinical trials, PPIs could be a
new antidiabetic drug with a good profile: no hypoglycemia events, good toler-
ability and safety, and with a limited price.

Terminology

PPIs are drugs used to treat symptoms of acid-related disorders and for primary
prevention of gastroduodenal toxicity mainly. They include five agents: omepra-
zole, lansoprazole, rabeprazole, pantoprazole and esomeprazole.

Peer review

An interesting study in terms of the secondary effects of PPIs on glycemic
control.
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October 16-18, 2011

ISPAD Science School for Health
Professionals

Miami, Unites States

October 19-22, 2011
ISPAD 36th Annual Meeting
Miami, United States

October 22-26, 2011
19th United European
Gastroenterology Week
Stockholm, Sweden

October 26-29, 2011

CDA/CSEM Professional
Conference and Annual Meetings
Toronto, Ontario, Canada

October 28-November 2, 2011
ACG Annual Scientific Meeting &
Postgraduate Course
Washington, DC, United States

November 10-12, 2011

The Second International Diabetes &
Obesity Forum

Istanbul, Turkey
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GENERAL INFORMATION

World Journal of Diabetes (World | Diabetes, W]D, 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 W]D 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
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readers, and yielding the greatest social and economic benefits.

Aims and scope

The major task of WD is to report rapidly the most recent results
in basic and clinical research on diabetes including: metabolic syn-
drome, functions of a, B, & 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 W]D,
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.

Name of journal
World Journal of Diabetes

ISSN
ISSN 1948-9358 (online)

Indexing/abstracting
PubMed Central, PubMed, Digital Object Identifer, and Directory
of Open Access Journals.

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
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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 #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
efe. 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 (7). 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, IWJD 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 cleatly 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. Authots 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 Wotld 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)
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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.wijgnet.com/1948-93580ffice. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://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 wid@wijgnet.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.

December 15, 2011 | Volume 2 | Issue 12 |



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-
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 JE 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 W]D, 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 »s 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
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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.wignet.
com/1948-9358/¢_info_20100107165233.htm.

Illustrations

Figures should be numbered as 1, 2, 3, ez., 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.wijgnet.com/1007-9327/13/4986.pdf; http://www.
wijgnet.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: s Dr s Er L el
G: ...efe. 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, ¢#., 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. *P <
0.05,"P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of P values can be expressed as “P < 0.05 and P<0.01.
Other notes in tables or under illustrations should be expressed as
1F, °E °F; 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 @, o, m, O, A, /\, ¢#., 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.

REFERENCES

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 authot’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
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with increased intestinal permeability“‘zl”. If references are cited

directly in the text, they should be put together within the text, for
< [19,22-24] IT)

example, “From references , we know that...

When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crosstef.
org/SimpleTextQuery/, respectively. The numbers will be used in
E-version of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-
faced letters. The family name of all authors should be typed with
the initial letter capitalized, followed by their abbreviated first
and middle initials. (For example, Lian-Sheng Ma is abbreviated
as Ma LS, Bo-Rong Pan as Pan BR). The title of the cited article
and italicized journal title (journal title should be in its abbreviated
form as shown in PubMed), publication date, volume number
(in black), start page, and end page [PMID: 11819634 DOI:
10.3748/wjg.13.5396].

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English jonrnal article (list all anthors and include the PNID where
applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World |
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748 /wijg.13.63506]

Chinese journal article (list all anthors and include the PMID where
applicable)

2 Lin GZ, Wang X7, Wang P, Lin |, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-
diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci USA
2000; In press

Organization as author

4  Diabetes Prevention Program Research Group. Hyp-
ertension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]

Both personal authors and an organigation as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]

No anthor given

6 21st century heart solution may have a sting in the tail.
BM]J 2002; 325: 184 [PMID: 12142303 DOI:10.1136/
bm;.325.7357.184]

(49

;gua;:,ﬁ.,f,@ WJD | www.wjgnet.com

v

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: §93-99 [PMID: 12028325 DOI1:10.1046/
j.1526-4610.42.52.7 x]

Lssue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.109
7/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRS.A
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10 Shetlock S, Dooley J. Diseases of the liver and billiary sys-
tem. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd
ed. Wieczorek RR, editor. White Plains (NY): March of Dimes
Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14 Christensen S, Oppacher F. An analysis of Koza's compu-
tational effort statistic for genetic programming, In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors.
Genetic programming, EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15  Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assig-
nee. Flexible endoscopic grasping and cutting device and
positioning tool assembly. United States patent US 200201
03498. 2002 Aug 1

Statistical data
Write as mean £ SD or mean *+ SE.

Statistical expression

Express 7 test as 7 (in italics), I test as I (in italics), chi square test as
y’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) =
96 h, blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L;
blood CEA mass concentration, p (CEA) = 8.6 24.5 ug/L; CO,
volume fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, et.
Arabic numerals such as 23, 243, 641 should be read 23243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1948-9358/
g _info_20100107145507 htm.
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Abbreviations

Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbteviated
unless they are used repeatedly and the abbreviation is helpful to
the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, .4 area, /length,
m mass, 1 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BanHI, Kbo 1, Kpn 1, ete.
Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-9358/¢_info_20100316
080002.htm

Frontier: http://www.wjgnet.com/1948-9358/¢_info_20100316
091946.htm

Topic highlight: http://www.wjgnet.com/1948-9358/¢_info_
20100316080004-htm

Observation: http://www.wjgnet.com/1948-9358/¢g_info
20100107142558.htm

Guidelines for basic research: http://wwwwijgnet.com/1948-9358/
¢ info_20100316092358.htm

Guidelines for clinical practice: http://www.wjgnet.com/1948-
9358/¢_info_20100316092508.htm

Review: http://www.wjgnet.com/1948-9358/¢_info_2010
0107142809.htm

Original articles: http://www.wjgnet.com/1948-9358/¢_info_
20100107143306.htm
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