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Abstract
The discovery that small size at birth and during in-
�ancy are associated with a higher risk o� diabetes 
and related metabolic disease in later li�e has pointed 
to the importance o� developmental �actors 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 �ully understood. Animal and human work 
has pointed to the importance o� changes in the set-
point o� a number o� key hormonal systems controlling 
growth and development. These include the IGF-1/GH 
axis, gonadal hormones and, in particular, the systems gonadal hormones and, in particular, the systems 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 o� the hypothalamic-pituitary-adrenal axis and 
sympathoadrenal system in adult li�e. More recent hu-
man studies have shown associations between specific 
adverse experiences during pregnancy, such as �amine 
or the consumption o� adverse diets, and enhanced 
stress responses many decades later. The mediators o� 
these neuroendocrine responses are biologically potent 

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 o� broader 
process, termed phenotypic plasticity, by which adverse 
environmental cues experienced during development 
modi�y the structure and physiology o� the adult to-
wards a phenotype adapted �or adversity. The changes 
are clearly advantageous i� they lead to a phenotype 
which is well-adapted �or the adult environment, but 
may lead to disease i� there is subsequent overnutrition 
or other unexpected environmental conditions.

© 2011 Baishideng. All rights reserved.
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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 series of  studies showing that they were 
associated with small size at birth[1,2]. 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 clearly 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 recognised that measurements such as birth 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 syndrome[3].

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-
ease 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[2]. 

Despite the substantial evidence that an adverse early 
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 in utero 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 in utero or early infancy[4]. 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[4]. 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 

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[5-7]. 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[8,9]. 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[8]. 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[10]. 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[11-13]. In 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[12,14]. 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[15]. 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[12,16,17]. 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[12,18].

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,ry of Hertfordshire,y of  Hertfordshire, 
England, between 1920 and 1930, fasting cortisol con-
centrations decreased linearly from 408 nmol��� in those��� in those�� in those 
who weighed 5.5 lb or less to 309 nmol��� amongst those��� amongst those�� amongst those 
who weighed 9.5 lb or more, a trend which was paral-
leled by the concentration of  the biologically active, free 
hormone concentrations[19]. 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����kg (95% ���� 5.9-44.8)����kg (95% ���� 5.9-44.8)���kg (95% ���� 5.9-44.8)�kg (95% ���� 5.9-44.8)kg (95% ���� 5.9-44.8)  
increase in birth weight[20]. In more detailed studies in 
the Hertfordshire Cohort Study, lower birth weight was 
found to be associated with enhanced plasma cortisol 
responses to Synacthen (ACTH1-24) in both men and 
women[21]. 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-

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[22]. 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[23]. 
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 girls (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, 
particularly following the stress test[24]. 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[25]. 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[26,27], 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[28]. 

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 response[29]. 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, early 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-
nase[30]) 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)[31,32]. 

Bjorntorp[33] 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-
derlie 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[35]. 

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 various 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[36]. 
�t 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-

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 conception[37,38]. 
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[39]; 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 
early environment and transgenerational effects. How-
ever, neuroendocrine programming may be a common 
pathway by which a wide variety 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. �n 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 poorly 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). �t is important that these 
early influences are understood; to achieve this represents 
a challenge to both basic and clinical research.
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Abstract
AIM: To investigate the e��ect o� proton pump inhibi-o investigate the e��ect o� proton pump inhibi-proton pump inhibi-roton pump inhibi-
tors �PP�s�� on gl�cemic control ��bA�c�� in t�pe �� dia-�PP�s�� on gl�cemic control ��bA�c�� in t�pe �� dia-PP�s�� on gl�cemic control ��bA�c�� in t�pe �� dia-�� on gl�cemic control ��bA�c�� in t�pe �� dia- on gl�cemic control ��bA�c�� in t�pe �� dia-
betic patients� 

METHODS: A cross-sectional stud� o� consecutive in-
patients admitted to hospital in an� department during 
the first semester of the year 2010 who had a recent 
HbA1c measurement. The study excluded those with a 
diagnosis o� h�pergl�cemic decompensation, diabetic 
onset or pregnanc�� �t compared �bA�c levels o� those 
taking PP�s 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%. HbA1c was significantly lower 
in individuals who took PPIs: -0.6%, 95% CI: -0.12 to: -0.12 to0.12 to 

-0.��. People who used PPIs with some type of insu-0.��. People who used PPIs with some type of insu-
lin therapy had a HbA1c reduction by -0.�%, 95% CI: 
-0.12 to -1.��. �or the rest of subgroup analysis based -1.��. �or the rest of subgroup analysis based1.��. �or the rest of subgroup analysis based 
on the antidiabetic drug used, PPI consumption always 
exhibited lower HbA1c levels.

CONCLUSION: PP�s seems to be consistentl� associ-
ated with better glycemic control in type 2 diabetes. 
�bA�c 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[1].

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 esophagitis[2].

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 pump[2].

A physiological effect of  acid suppression with PPIs 
is a mild/modest hypergastrinemia which occurs with all 
PPIs[1]. �astrin is known to be the ma�or endocrine regu- �astrin is known to be the ma�or endocrine regu-�astrin is known to be the ma�or 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[3].

In rodents, gastrin induces islet β-cell neogenesis[4,5] 
and in in vitro studies, this hormone increases the β-cells 
mass[6].

A few retrospective studies in adults with diabetes ap-
pear to have shown that PPIs are associated with better 
glycemic control. Mefford et al[7] compared HbA1c levels 
from type 2 diabetic patients taking PPIs (7.0%) and type 
2 diabetics not taking them (7.6%), obtaining significant 
differences.

Bo�-Carceller et al[8], 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 HbA1c levels (av-
erage HbA1c of  9.5%) than patients not taking PPIs (av-
erage HbA1c of  8.8%). After this, Hove et al[9] conducted 
a case-control study to investigate whether treatment with 
esomeprazole (a type of  PPI) improved HbA1c levels in 
a group of  type 2 diabetic patients. They found a border-
line significant reduction of  HbA1c 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 HbA1c measurement during 
their hospital stay. The study excluded those with a diag-
nosis of  hyperglycemic decompensation, diabetic onset 
or pregnancy.

It compared HbA1c levels of  those taking PPIs and 
those not taking PPIs by a two-sample t test. It also per-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 A1c HA-8160).

Data are presented as mean ± SD and as percentages 
for categorical data. P < 0.05 was considered statisticallyas considered statistically considered statistically 
significant. All statistical analyses were carried out using 
the SPSS statistical package for Windows, version 17.0 
(SPSS Inc., Chicago, IL, United States).nited States).).

RESULTS
A total of  97 sub�ects were included. There were 43 (44.3%) 
women. The average age was 72 ± 10.8 years. Overall, 
PPI consumption was 55.7%. �lycemic control was ac-
ceptable (HbA1c ≤ 7%) in 54.6% and the prevalence 
ratio of  acceptable good metabolic control was 1.81 (95% 
CI: 0.74-4.42), in favor of  those taking PPIs.

Table 1 presents the main results. HbA1c 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; HbAc1c 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 HbA1c was 
constant in all groups taking a PPI.

DISCUSSION
The present study found a significant reduction of  HbA1c 
by 0.6% in patients with type 2 diabetes who were taking 
a PPI. 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 et al[7] performed in a primary care 
context with a bigger population sample and have the 
same significant overall HbA1c reduction of  -0.6% as-
sociated with PPI consumption. Although Hove et al[9] 
and the group did not obtain statistically significant dif-
ferences, the reduction of  HbA1c of  those taking PPIs 
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 A1c levels 
-0.5% to -1%% to -1% to -1%[10,11]. Actually, gastrin is a cousin of  incretin 
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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 (%)      1.4      1.5      1.6      1.1      1.2
   n    43    19 24 11   4
With PPI
   HbA1C (%)      6.7      6.8 6.7      6.7      7.2
   SD (%)      1.0      0.8 1.0      0.7      1.2
   n    54    28 23 10 13
Absolute 
difference

    -0.6     -0.8     -0.7     -0.5     -0.8

P value      0.018      0.022 NS NS NS

PPI: Proton pump inhibitor; NS: Not significant. 



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[12,13] 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[14,15]. 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[16] and SST analogs 
are followed frequently by a glucose metabolism imbal-
ance[17]. There are no studies that assess SST plasmatic 
concentration before 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 
HbA1c 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 HbA1c). Previously the group has found also 
a positive effect on HbA1c 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 sub�ect to date. The pharmacol-
ogy of  these drugs implies several gastrointestinal pep-
tides, gastrin mainly, so it is not strange that the HbA1c 
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 β-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 β-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- This article also speculates about the underlying mechanisms, con-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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Statisital review is performed after peer review. We invite an expert 
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stepwise), correlation, analysis of  variance, analysis of  covariance, 
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it indicates statistical significance). 
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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.
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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-
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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 
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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.
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compiled is necessary in line-art image. Scale bars should be  
used rather than magnification factors, with the length of  the bar  
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shaded or textured areas. Please use uniform legends for the  
same subjects. For example: Figure 1 Pathological changes in 
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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 
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example, �From references[19,22-24], 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.crossref.
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 journal article (list all authors and include the PMID where 
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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, c (glucose) 6.4 ± 2.1 mmol/L; 
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 
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