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Abstract
As a T cell-mediated autoimmune disease, type 1 diabetes mellitus (T1DM) is
marked by insulin defect resulting from the destruction of pancreatic β-cells. The
understanding of various aspects of T1DM, such as its epidemiology,
pathobiology, pathogenesis, clinical manifestations, and complications, has been
greatly promoted by valuable research performed during the past decades.
However, these findings have not been translated into an effective treatment. The
ideal treatment should safely repair the destroyed immune balance in a longlasting manner, preventing or stopping the destruction of β-cells. As a type of
immune hypo-responsiveness to the orally administrated antigen, oral tolerance
may be induced by enhancement of regulatory T cells (Tregs) or by
anergy/deletion of T cells, depending on the dosage of orally administrated
antigen. Acting as an antigen-specific immunotherapy, oral tolerance therapy for
T1DM has been mainly performed using animal models and some clinical trials
have been completed or are still ongoing. Based on the review of the proposed
mechanism of the development of T1DM and oral tolerance, we give a current
overview of oral tolerance therapy for T1DM conducted in both animal models
and clinical trials.
Key Words: Type 1 diabetes mellitus; Immunotherapy; Oral tolerance; Regulatory T cells;
Antigen-specific immunotherapy
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Core Tip: As an antigen-specific immunotherapy, oral tolerance therapy has shown
promise as a new strategy for the prevention and treatment of autoimmune diseases,
including type 1 diabetes mellitus. Oral tolerance therapy in type 1 diabetes mellitus has
been studied widely for a long time. In order to give a better understanding of these studies
performed in animal models as well as in clinical trials, we review the related reports
carefully and divide these studies into various categories based on their strategies. This
careful review may be useful to guide the future studies.
Citation: Mao RF, Chen YY, Zhang J, Chang X, Wang YF. Type 1 diabetes mellitus and its oral
tolerance therapy. World J Diabetes 2020; 11(10): 400-415
URL: https://www.wjgnet.com/1948-9358/full/v11/i10/400.htm
DOI: https://dx.doi.org/10.4239/wjd.v11.i10.400

INTRODUCTION
Based on the recommendations of the American Diabetes Association, type 1 diabetes
mellitus (T1DM) includes two types: Idiopathic diabetes and immune-mediated
diabetes[1]. The etiology of idiopathic diabetes is not known. The related patients bear
perpetual insulinopenia and show a trend to ketoacidosis, however, autoimmunity is
not observed. Resulting from T cell-mediated attack of insulin-producing β-cells of the
pancreas, immune-mediated diabetes was previously termed T1DM, insulindependent diabetes, or juvenile-onset diabetes[1]. In this review, T1DM is used to refer
to immune-mediated diabetes.

TYPE 1 DIABETES MELLITUS
As an autoimmune disorder, T1DM is marked by T cell-mediated destruction of β-cells
of the pancreas, which leads to an almost complete loss of the ability to synthesize
insulin[2]. This insulin deficiency results in loss of the ability to regulate blood sugar,
therefore, exogenous insulin administration is necessary for patients to control blood
sugar and to reduce the incidence of related chronic diabetic complications, such as the
microvascular, macrovascular, and neuropathic complications[3]. The incidence and
prevalence of T1DM have been growing all over the world and the relative annual
increase in T1DM incidence is approximately 2%-3%[4,5]. The greatest increase is
detected in children younger than 5 years[6]. T1DM can occur at any age[7] and
therefore, the previous definition of T1DM as juvenile-onset diabetes may not be
suitable.
During the development of T1DM, the autoimmune attack of β-cells of the pancreas
mediated by T cells is regarded as the final step[8]. Typical T1DM related
autoantibodies target various proteins, including (pro) insulin, glutamic acid
decarboxylase (GAD) 65, Hsp60, IA-2, ZNT8, and tetraspanin-7[9-11]. Various
autoantibodies can be observed many months or years prior to clinical onset
(Figure 1). These autoantibodies can be considered biomarkers of β-cell injury rather
than its cause. The mechanism triggering this autoimmune process remains elusive
and this is the most crucial challenge for preventing T1DM. Studies to date propose
that interactions between genetic susceptibility and environmental exposures
(Figure 1, stage 0) are necessary in the development of T1DM. There have been
identified over 60 genetic loci related to susceptibility to T1DM[12]. These loci can be
divided to two types: HLA and non-HLA genes[13,14]. Combined with familial risk
analysis, HLA risk analysis can be applied for identifying people at a high risk for
T1DM[15,16]. However, individual non-HLA loci could not be applied for predicting
T1DM or distinguishing it from other types of diabetes. To well predict the risk of
developing T1DM and distinguish it from T2DM (type 2 diabetes mellitus), genetic
risk scores derived from combined analysis of HLA and non-HLA genes can be
applied[17,18]. Compared to the relatively well-known genetic factors, environmental
determinants remain poorly understood despite intensive research. Studies to date
show that diet (maternal diet, cow’s milk protein, breastfeeding, gluten, and micro-
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Figure 1 Proposed staging of type 1 diabetes mellitus. T1DM: Type 1 diabetes mellitus.

and macro-nutrients), vitamin D sufficiency, virus infection, and the bacterial
microbiome in the gastrointestinal tract (GIT) are associated with T1DM[2,16]. In
addition, both genetic and environmental factors, particularly the latter, might
influence the entire natural history of T1DM[13,19].
The establishment of β-cell autoimmunity can be confirmed by the occurrence of
one or more autoantibodies as described above. Compared to individuals without
autoantibodies, individuals with a single autoantibody may be at higher risk for
T1DM. However, among people with a single autoantibody, the incidence of T1DM
over 10 years is less than 10%[20,21]. If there are two or more autoantibodies present, the
individual will eventually progress to clinical onset of T1DM[22] and this progression
may be divided into three stages (Figure 1)[23]. Once two or more autoantibodies
appear, it means that the individual has stage 1 T1DM. Apart from the number of
autoantibodies observed and their seroconversion age, the type and affinity of
autoantibody appearing in this stage contribute to the rate of progression to
symptomatic T1DM [23]. However, the individual is normoglycemic and bears no
clinical symptom in this stage. As the functional β-cell mass decreases, the individual
in stage 2 develops dysglycaemia or glucose intolerance. Similar to stage 1, there is no
obvious clinical symptom in stage 2 and therefore, stages 1 and 2 can be termed
“presymptomatic T1DM”. As the disease progresses, the functional β-cell mass has
been severely impaired, leading to the inability to maintain normal metabolic function.
Therefore, hyperglycaemia and typical clinical symptoms of diabetes (polyuria,
polydipsia, and weight loss) occur and T1DM can be clinically diagnosed in stage 3
(symptomatic T1DM)[24]. At the time of diagnosis, there is approximately 80% to 90% of
the original β-cell mass disrupted[25]. From a few weeks to up to 20 years will be
needed to progress from the presence of autoantibodies to clinical onset and this
prediabetic phase facilitates to predict and prevent or delay T1DM[16,26,27]. For
prevention of T1DM, similar to other autoimmune diseases, it is more effective during
the early stages (stage 0, primary prevention or stage 1, secondary prevention) of
disease progression[24,28]. However, compared to stages 2 and 3, prediction strategies
performed in stages 0 and 1 show a lower accuracy[26,28]. This imbalance between the
predictive and preventive effect may lead to the fact that there has been a substantial
loss of functional β-cell mass when T1DM is predicted accurately, which makes
various therapies less effective in preventing, delaying, or reversing T1DM. Currently,
few studies to successfully prevent the onset of T1DM have been reported[24,29].
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ORAL TOLERANCE
Oral tolerance represents an adaptation, unresponsiveness, or hypo-responsiveness to
an orally administered antigen by the immune system. Oral tolerance prevents
inappropriate immune responses to innocuous antigens contained in food or
commensal organisms. Thus, this process functions importantly in maintaining a
balance between reactions against these exogenous antigens and self-components of
the body in the gut mucosa[30]. Once this balance breaks down due to the disruption of
oral tolerance, immunoglobulin E (IgE)-mediated food allergies, inflammatory bowel
disorders, autoimmune disorders, or infections may occur[31]. As a physiological
response to dietary antigens, oral tolerance mainly develops in the GIT. Although
most of the orally delivered antigens are digested into short peptides and/or amino
acids, a small amount of intact antigens can reach the intestinal epithelium where they
are delivered in various manners, depending on their characters (e.g., size and
solubility). The delivery manner affects the subsequent immune response including
the induction of tolerance or immunity[32].
The delivery of antigens contained in the gut lumen involves complex processes and
there are various possible routes for antigens passing through the intestinal epithelium
as shown in Figure 2. Soluble antigens might be delivered by enterocytes in two
nonspecific manners, including the transcellular manner and the paracellular
manner[33]. For the transcellular manner, antigens contained in vesicles may be
degraded and however, some intact antigens can reach the basolateral space. For the
paracellular manner, it may be suppressed under homeostatic conditions as a result of
the tight junctions between enterocytes. The neonatal IgG receptor (FcRn), which
locates on the surface of enterocytes, may be used to capture and internalize antigens
by forming the antigen-antibody complexes[34]. And then, antigens are delivered across
the epithelium to lamina propria dendritic cells (DCs) bearing FcRn as well as other Fc
receptors. Antigens contained in the apoptotic enterocytes can be captured by
neighbouring DCs. Both CX3CR1+ macrophages and CX3CR1+ DCs can sample
luminal antigens efficiently by means of extending their dendrites between enterocytes
without disrupting the integrity of the epithelium[35,36]. The above DCs or macrophages
have no capacity to transport antigens directly to naïve T cells that locate in the
mesenteric lymph nodes (MLN). However, they can transport these antigens to
neighbouring CD103+ DCs, which subsequently enter the MLN, via a CC-chemokine
receptor 7-dependent mechanism, and present antigens to naïve T cells[36,37]. In
addition, mucus-secreting goblet cells perform an important role in delivering soluble
antigens via goblet cell-associated antigen passages, which provide a conduit for
delivering soluble antigens exclusively to CD103+ DCs and therefore, this process may
perform a critical role in oral tolerance induction[38]. Located in the epithelial layer
covering Peyer’s patches (PPs), microfold cells (M cells) can specially deliver antigens
including particles, bacteria, and viruses to CD103+ DCs that reside within the M cell
pocket[39]. However, M cells can also be found outside PPs to deliver antigens[40]. Thus,
the uptake of antigens through the intestinal epithelium is a complicated process.
Currently, various routes as descried above have been suggested, however, this still is
a disputed topic and needs to be further investigated.
Composed of the MLN and PPs, gut-associated lymphoid tissue (GALT) functions
heavily in inducing oral tolerance successfully. Based on those proposed delivery
routes as described above, CD103+ DCs harboring antigens derived from the gut
lumen move into the MLN[41], which has been identified as an important site of oral
tolerance induction[42]. However, compared to the MLN, PPs may not be necessary for
oral tolerance induction[43,44]. In the MLN, CD103+ DCs harboring antigens meet naïve
CD4+ and CD8+ T cells and oral tolerance induction occurs in an antigen dosedependent manner, including low- and high-dose tolerance[33,45]. With regard to
repeated feeding of a low dose of antigens (Figure 2), the generation of regulatory T
cells (Tregs) helps to induce oral tolerance. Derived from CD103+ DCs harboring
antigens in the MLN, indoleamine 2,3-dioxygenase, retinoic acid, and transforming
growth factor-beta (TGF-β) appear to cooperate to facilitate naïve T cells differentiation
towards Tregs which bear the gut-homing-associated adhesion molecules, such as
chemokine receptor CCR9 and α4β7 integrin[33,39]. Therefore, these induced antigenspecific Tregs, which perform suppressor activity, can return into the lamina propria
in which they are expanded with help of interleukin-10 (IL-10) secreted by CX3CR1+
macrophages. Both the induced Tregs’ gut-homing and expansion are essential to
achieve oral tolerance successfully[46,47]. The best-described Tregs are CD4+CD25+Foxp3+
Tregs which function a lot in oral tolerance induction, and this can be supported by the
observation that specific depletion of Foxp3+ cells appears to abrogate oral
tolerance[47]. Apart from CD4+CD25+Foxp3+ Tregs, other peripherally induced Tregs,
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Figure 2 Schematic overview of the stepwise mechanisms of oral tolerance induction. DCs: Dendritic cells; M cell: Microfold cell; CCR: CCchemokine receptor; pDCs: Plasmacytoid DCs; IDO: Indoleamine 2,3-dioxygenase; RA: Retinoic acid; TGF-β: Transforming growth factor-beta.

such as T helper (Th) 3 cells and type 1 regulatory T (Tr1) cells, are also related to oral
tolerance induction[33,37]. All these peripherally induced Tregs contribute to inducing
systemic immune tolerance by means of cytokine-mediated bystander suppression
which is induced by oral feeding with one antigen and then works in a non-antigenspecific manner[30,48,49]. However, the potential function of Tr1 cells in oral tolerance
induction and the potential relationship or interaction between these different Treg
subsets are not clear and need to be further studied. Transferring T cells from tolerized
animals obtained by feeding a low dose of antigens can transfer antigen-specific
tolerance to naïve animals[45,50,51].
In respect to single feeding of a high dose of antigens (Figure 2), anergy and/or
deletion of antigen-specific T cells can be induced in GALT, which contributes to oral
tolerance[30]. However, transferring T cells from tolerized animals obtained by feeding
a high dose of antigens fails to transfer this tolerance to naïve animals[45,52]. Apart from
the MLN, the liver provides a complementary effect in oral tolerance induction
(Figure 2). The portal vein offers an access for the gut-derived antigens, which are not
processed in the gut, to the liver in which the tolerogenic environment contributes to
the induction of oral tolerance[53]. Mediated by plasmacytoid DCs, the deletion of
antigen-specific T cells occurs and this induces systemic tolerance to these antigens[54].
In addition, the tonsils and sublingual mucosa, especially their contained DCs, may
also contribute to developing oral tolerance[55,56]. An important role for antibodies has
been suggested in oral tolerance induction[33,45]. IgE-mediated hypersensitivity can be
suppressed by administration of IgG antibodies[57]. Peanut tolerance can be induced
among high-risk children by early introduction of peanut, which is mediated by the
production of peanut-specific IgG4[58]. However, the mechanisms how antibodies
benefit for oral tolerance induction remains to be determined. Additionally, it has been
proposed that the intestinal microbiota and diet, such as vitamin D[59], may perform a
positive effect for oral tolerance induction[45]. Among those oral tolerance studies
performed during the past decades, most have been designed and applied to prevent
and/or treat food allergy and autoimmune diseases, including T1DM[37,39].

ORAL TOLERANCE IN T1DM
As described above, individuals at risk for T1DM may be identified years before
clinical onset. This makes oral tolerance, which acts as an antigen-specific
immunotherapy, an attractive treatment for preventing and/or delaying T1DM[60,61].
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Since its first application in the non-obese diabetic (NOD) mouse[62], which shares
various immunological and pathological similarities to human T1DM and has been
used as the primary model for investigating T1DM[63], many attempts to induce
antigen-specific tolerance in NOD mice by feeding various autoantigens have been
reported. Apart from the NOD mouse, other animal models including BioBreeding
(BB) rats and a genetically modified mouse model induced by the lymphocytic
choriomeningitis virus (LCMV) were also applied in oral tolerance induction for
autoimmune diabetes. In addition, oral tolerance trials have been applied in human
T1DM based on the results in animals. In order to get a comprehensive understanding
of the progress that has been made so far in oral tolerance induction for T1DM, reports
related to these valuable trials in both animals and human are collected, classified, and
reviewed.

Oral tolerance trials in animals
Based on the formula used, these trials can be divided into two types, direct oral
administration of a single autoantigen and combinatorial therapy. The latter may be
further divided into the following types: A combination of different autoantigens and
a combination of autoantigen(s) with various delivery vehicles and/or immune
adjuvants and/or immunomodulatory agents.

Direct oral administration of a single autoantigen
As described above, six autoantigens related to T1DM have been identified, however,
only two of them have been applied for oral tolerance induction in animals by direct
oral administration, including insulin (proinsulin) and GAD65. Furthermore, among
these two autoantigens, insulin was the most often used one.
Insulin: In 1991, the first trial in oral tolerance therapy for T1DM in NOD mice was
applied by feeding porcine insulin[62]. At 5 wk of age, NOD mice were administered
porcine insulin orally two times weekly for 5 wk and then weekly until one year old.
Compared to animals administered phosphate buffer saline, or 10 μg or 100 μg of
porcine insulin orally, animals fed 1 mg of porcine insulin showed a delayed onset and
a reduced incidence of T1DM. In following years, this research group continued to
apply modified trials for oral tolerance induction in animal models and to explore the
responsible mechanisms. Based on their research and reports, they have made an
important contribution to clarifying the mechanisms of oral tolerance as described
above[30,46,49,64]. In respect to oral tolerance induction for T1DM, equine insulin[65,66], the
B-chain of bovine insulin (30 amino acids)[67,68], and human insulin and its B-chain
peptide (10-24)[69,70] have been applied by this research group. All these trials showed a
positive effect in delaying and/or suppressing the process of insulitis and T1DM in
NOD mice. Furthermore, cell culture, cytokine assays, and adoptive transfer studies
suggested that this protective effect was related to a T cell dependent mechanism in
which Tregs secreting IL-4, IL-10, and TGF-β played a critical role. In this context,
there was a decrease in Th1 responses (downregulation of IL-2 and interferon-gamma)
and an increase in Th2 responses (upregulation of IL-4 and IL-10) to the antigen
administered orally. These non-antigen-specific cytokines mediated bystander
suppression to different autoantigens[64]. Also, they found that feeding insulin or its Bchain peptide to one-day-old neonatal NOD mice performed effectively in preventing
T1DM rather than accelerating the progression of diabetes[69]. Apart from these reports
from the above research group, many trials applied by other groups supported the
positive effect of tolerance derived from oral administration of insulin towards
suppressing autoimmune diabetes in animals. Diabetes can be actively suppressed in
NOD mice by feeding 20 U of insulin every 2-3 d for a month beginning at 6 wk of age
and this protective effect was related to insulin-specific regulatory CD4+ T cells which
were induced in the gut and subsequently homed to the islets[71]. The same research
group illuminated that insulin-reactive Tregs can be induced in the spleen by oral
insulin and the induced Tregs preferentially migrate to the pancreas and pancreatic
lymph nodes[72,73]. No matter applied before or after the induced autoimmune
response, 1 mg of insulin administered orally twice weekly can suppress the
disruption of β-cells and prevent diabetes in the LCMV induced mice, and the change
of the profile of pancreatic cytokine expression from interferon-gamma to
immunosuppressive ones (IL-4, IL-10, and TGF-β) was responsible for this protective
effect[74]. However, one amino acid substitution in insulin (B30A to T) abrogated this
protective effect in both NOD and LCMV induced mice, indicating that the structure
and/or sequence of the applied antigens may significantly affect the efficiency of oral
tolerance induction[75]. Simultaneously, this report indicated that oral tolerance
induction was not dependent on hormonal activity of insulin and accordingly, β-cell
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rest was not the reason why oral insulin may prevent or delay the onset of T1DM.
In addition to these above trials bearing a positive effect by direct oral
administration of insulin, there were reports indicating no effect in preventing T1DM
by feeding insulin or its related peptides to animal models. Oral bovine insulin at all
applied doses (0.5, 1.0, and 2.0 mg/wk, 3 wk) had no effect in preventing or delaying
autoimmune diabetes in BB rats and the species/strain-specific traits of disease
progression may be responsible for this failure to tolerance induction in BB rats
compared to NOD mice[76]. Beginning at 30 d of age, NOD mice received 1 mg oral
human recombinant insulin twice weekly. The protective effect obtained from this
treatment showed no significant difference from the control group although a delay of
the onset of disease was detected[77]. An oral tolerance study repeated in 2016 showed
that feeding NOD mice of 5 or 9 wk of age with various dosages of different types of
insulin for 5 wk had no ability to prevent T1DM[78]. The source and purity of these
used insulin, the efficiency of insulin digestion, or the variability in disease penetrance
in NOD mouse colonies caused by geographical differences may be responsible for
this inability to prevent T1DM, which is in stark contrast to those above trials bearing
positive effects in preventing T1DM in animals by direct oral feeding of insulin.
GAD65: In addition to insulin, GAD65 was the other autoantigen applied for oral
tolerance induction in animal models by direct oral administration and however, there
was only one related report as described below. Oral administration of 0.5 mg porcine
GAD65 twice per week beginning at 30 d of age showed disease preventive effects
during a long research period (> 400 d), however, compared to the control group, no
difference in the final disease incidence was observed (P = 0.226)[77].

Combinatorial therapy
On the basis of the effects of direct oral administration of single autoantigen on
tolerance induction in trials described above, combinatorial therapy has been
suggested by various reports to improve the tolerance induction efficiency and the
preventive effect towards autoimmune diabetes in animals. In addition to combination
of different autoantigens by direct oral administration, various combinatorial
strategies have been applied. To protect autoantigens from being degraded when
passing through the GIT and/or reduce the required amounts of the used
autoantigens, plant-, microbe-, or nanoparticles (NPs)-based delivery vehicles have
been developed. In addition, immune adjuvants and immunomodulatory agents have
been applied to combination therapy with autoantigens.
Direct oral administration of different autoantigens: Compared to oral administration of porcine GAD65 or human recombinant insulin alone, combined therapy
with both autoantigens performed significant anti-diabetic effects (P = 0.011).
Splenocytes from mice treated with the combined therapy showed a reduced response
to both porcine GAD65 and insulin, indicating that antigen-specific inhibition was
generated[77]. In addition to the above report, there was no more report applying direct
oral feeding with various autoantigens for tolerance induction in animals, however,
oral feeding with different autoantigens has been applied in combination with various
delivery vehicles and/or immune adjuvants, and this will be reviewed in the
following sections.
Various vehicles applied for delivery of autoantigen(s) to induce oral tolerance: In
1997, GAD67, a GAD isoform predominating in mouse islets, was expressed in
transgenic plants. Oral administration of these GAD-containing plants (approximately
1-1.5 mg of GAD daily) from 5 wk to 8 mo of age suppressed the development of
T1DM in NOD mice[79]. However, oral therapy with tobacco expressing 0.5 mg human
GAD65, once a week for 10 wk beginning at 5 wk of age, was not sufficient to protect
the NOD mice from autoimmune diabetes[80]. Compared to the above study applying
GAD67-expressing transgenic plants for oral tolerance induction, the low dosage and
the short treatment course applied in this study may be responsible for the failure to
prevent T1DM in NOD mice. Various strains of lactic acid bacteria (LAB), generally
regarded as safe, have been tested as mucosal delivery vehicles for protein/DNAbased vaccines[81] and for tolerogenic immunotherapy[82]. Some T1DM autoantigens or
their related peptides, such as proinsulin[83], HSP60[84], GAD65[85], and IA-2[86], have been
expressed in recombinant Lactococcus lactis (L. lactis) and applied for antigen-specific
tolerance induction in combination with some immunomodulatory agents to prevent
or reverse T1DM in animal models. This will be discussed in the next section. In
respect to its two-chain structure, the expression of insulin is challenging for L. lactis
and therefore, the expression of single-chain insulin (SCI) analogue may be an
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alternative strategy[87]. Containing a short peptide linker between two chains of insulin,
SCI-57[88] and SCI-59[89] were successfully secreted in L. lactis, respectively, retaining
their insulin receptor-binding ability. Apart from the genetically modified LAB, nonliving LAB bacterium-like particles (BLPs), which perform less anti-carrier response
when administrated orally, have been applied as immunostimulants and/or mucosal
vaccine delivery vehicles[90]. Oral feeding with BLPs-SCI-59, in which the above SCI-59
is bound to LAB BLPs in a non-covalent manner, could suppress the process of
autoimmune diabetes in NOD mice by restoring the Th1/Th2 imbalance and
enhancing Tregs proportions[91].
Autoantigen(s) in combination with immune adjuvants and/or immunomodulatory
agents: Based on the preventive effect towards T1DM by direct oral feeding of
autoantigen(s) as described above, its therapeutic potential may be restricted by
requiring repeated administrations of a large amount of autoantigens. To overcome
such restrictions, the nontoxic cholera toxin B (CTB) subunit has been applied as a
mucosal carrier molecule for the conjugated autoantigens to induce oral tolerance[92].
The proposed mechanism for applying CTB as an effective mucosal carrier may be
associated with its high GM1 binding affinity, which facilitates the conjugated protein
delivery and presentation into the GALT. In addition, CTB’s immunomodulatory
properties may also be responsible[92,93]. The incidence of disease can be reduced
significantly in NOD mice even by feeding a single dose of minute amounts (2-20 μg)
of CTB-insulin (CTB-INS) conjugate at 8 wk of age and a more durable effect can be
obtained by applying five consecutive dosages of this CTB-INS conjugate[94]. This
protective mechanisms by feeding microgram amounts of CTB-INS depend on the
upregulation of Tregs which selectively home to the pancreas and its draining lymph
nodes[95] and oral delivery of CTB-INS conjugates makes the precise sources of the
applied insulin less important and reduces the required antigenic dosages[96]. At 5 wk
of age, NOD mice were orally administered with transgenic potato harboring
approximately 20 μg of CTB-INS conjugate (once per week for 5 consecutive weeks)[93].
Compared to administration of potato harboring insulin or CTB alone, feeding of the
above tissues containing CTB-INS had significant suppression of autoimmune
diabetes[93]. Beginning at 5 wk of age, oral feeding of transgenic plant tissues
containing approximately 14 μg of CTB-proinsulin (CTB-pINS) protein (once a week
for 7 consecutive weeks) alleviated pancreatic insulitis and significantly preserved
pancreatic β-cells. And Th2 lymphocyte-mediated oral tolerance contributed to this
beneficial effect[97]. However, beginning at 5 wk of age, feeding of transplastomic
tobacco leaf material containing 25 μg, or 250 μg, or 500 μg CTB-human proinsulin
(CTB-hpINS) once per week for 10 wk was not sufficient to prevent disease in NOD
mice. Furthermore, no synergism was detected by oral feeding of tobacco tissues
containing CTB-hpINS and GAD[80].
Using the silkworm as a bioreactor, edible vaccines containing CTB-INS, CTB-INS B
chain, CTB-INS bearing a green fluorescent protein tag (CTB-INS-GFP), or CTB-INS
fused to three copies of GAD65 peptide 531-545 (CTB-INS-GAD) were produced and
applied to induce oral tolerance in NOD mice by one research group from Zhejiang
University. Beginning at 5 wk of age, oral administration of 30 μg of CTB-INS or CTBINS B chain (3-4 times one week for 5 consecutive weeks) can effectively prevent
autoimmune diabetes in NOD mice[92,98]. Beginning at 5 wk of age, oral administration
of 50 μg of CTB-INS-GFP (every other day for 5 consecutive weeks) induced specific
immune tolerance and suppressed T1DM onset in NOD mice. This treatment increased
Tregs proportions in the peripheral lymphocytes and influenced the bioactivity of
spleen lymphocytes[99]. Beginning at 5 wk of age, oral administration of 10 μg of CTBINS-GAD contained in silkworm pupae (every other day for 5 consecutive weeks)
suppressed T1DM more effectively than insulin or GAD65 treatment alone in NOD
mice. The synergistic beneficial effect of this combined dual antigen therapy was
associated with restored Th1/Th2 imbalance by increasing Tregs proportions[100].
In addition to coupling T1DM autoantigens to CTB as described above, whether a
nonconjugated form of CTB can improve oral tolerance induction was investigated.
Mixing with CTB significantly enhanced the ability of orally administered insulin to
induce tolerance. Admixtures of insulin and CTB at an optimal insulin:CTB ratio of
100:1 prevented diabetes in both LCMV induced mice and old NOD mice with
established insulitis[101]. Apart from CTB, several other bacterial and plant enterotoxin
B subunits were coupled to proinsulin or GAD. Beginning at 5 wk of age, oral feeding
of 50 μg of these purified adjuvant-autoantigen proteins (once a week for 4 wk)
reduced pancreatic insulitis levels significantly and induced a Th2 immune
response[102].
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As mentioned above, recombinant L. lactis has been applied to deliver T1DM
autoantigens in combination with various immunomodulatory agents. Derived from
human HSP60, P277 or DiaPep277 possesses potential roles to modulate
immunological attack on β-cells in NOD mice[103], and serial clinical tests have been
finished or are ongoing[104,105]. HSP65 from Mycobacterium tuberculosis may serve as an
immunogenic vehicle for P277-based vaccines in NOD mice by nasal delivery of the
fusion protein HSP65-6×P277[106]. This fusion protein was expressed in L. lactis and
direct feeding of the recombinant strain (beginning at 4 wk of age and one time a day
during the first week and then one time a week for 36 consecutive weeks) induced
antigen-specific immunological tolerance and reduced the incidence of T1DM in NOD
mice[84]. Based on the similar strategy, IA2P2, containing ten amino acids of B cell
epitopes of autoantigen IA-2 and thirteen amino acids of human HSP60 (448-460), was
expressed by L. lactis in form of HSP65-6×IA2P2. Direct feeding of the recombinant L.
lactis prevented T1DM onset in NOD mice by formation of antigen-specific
tolerance[86]. In addition, this research group developed the gut DCs-targeting NPs to
deliver the above fusion protein HSP65-6×P277. The used NPs protected HSP656×P277 from degradation when passing through the GIT and significantly enhanced
its uptake by DCs in the gut PPs. T1DM was prevented in all immunized mice by oral
feeding of HSP65-6×P277-loaded targeting NPs and oral tolerance induction was
achieved by repairing Th1/Th2 imbalance and increasing the functional CD4+Foxp3+
CD25+ Tregs proportions[107].
The research group of Chantal Mathieu has also applied recombinant L. lactis to
reverse diabetes in NOD mice. Combined with therapy with low-dose systemic antiCD3 antibodies, oral feeding of L. lactis concurrently secreting human proinsulin and
the immunomodulatory cytokine IL-10, which possesses the potential to improve the
protective effect of oral insulin by mucosal administration[108], can stably reverse T1DM
and autoantigen-specific long-term tolerance was induced in NOD mice[83]. Based on
the similar strategy, a clinical-grade self-containing L. lactis formulation performed
similar therapeutic efficacy in T1DM remission in NOD mice compared to the above
plasmid-containing L. lactis strain and the therapy-induced tolerance depended on the
emergence of functional Foxp3+ T cells[109]. Combined with short-course low-dose antiCD3 antibodies, oral feeding of recombinant L. lactis secreting GAD65370-575 and IL-10
can reverse diabetes in NOD mice by increasing the proportions of functional CD4+
Foxp3+CD25+ Tregs[85]. Using preexisting anti-insulin antibodies as biomarkers, the
research group of Matthias von Herrath showed that anti-CD3/oral insulin
combination therapy induced long-term protection by increasing insulin-specific Tregs
numbers in NOD mice[110]. As described above, anti-CD3 antibody has been used
widely to modify the course of T1DM in animals or in clinical trials[111]. However,
combination therapy with anti-CD6[112] or anti-CD20[113] and oral insulin failed to
stimulate lasting tolerance and to prevent or reverse T1DM in mice.
In addition, compared to feeding insulin B-chain alone, coadministration of
Schistosome egg antigens worked in a synergistic way to enhance Th2 type responses
in NOD mice[68]. The immunoregulatory cytokine IL-4 and human GAD65 were
expressed in transgenic tobacco plants, respectively. No protective effect was detected
in NOD mice if either was fed alone, however, combined therapy by feeding plantderived IL-4 and human GAD65 protected NOD mice from insulitis and T1DM by
inducing oral tolerance[114].

Oral tolerance in clinical trials
Based on the effects obtained in animal models, clinical trials towards preventing or
delaying T1DM in human by oral tolerance induction have been performed or are
underway. Compared to oral tolerance trials in animals, in human clinical trials,
insulin is the only used T1DM autoantigen. In 2000, there were two reports
investigating whether tolerance can be induced in recent-onset T1DM individuals by
oral delivery of insulin and both trials can be regarded as secondary prevention
(Figure 2). Combined with intensive subcutaneous insulin treatment, oral
administration of insulin (5 mg/d) was performed in patients with clinical T1DM (< 4
wk duration); however, this treatment made no sense to modify the disease course in
the following year and no effect towards residual β-cell function was detected[115]. In
the other report, oral insulin (2.5 or 7.5 mg/d) was administrated for 1 year and
similarly, this treatment was useless to prevent deterioration in the function of
residual β-cells in the first year after clinical diagnosis[116]. Therefore, the opinion that
oral tolerance could be induced even when the immune process is initiated was
challenged at that time and more experimental work may be required[117]. Two-dose (1
or 10 mg/d) oral insulin tolerance test in newly diagnosed (< 2 years) T1DM
individuals was reported in 2004 and no clinical benefits were detected. However, a
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chemical benefit was detected that 1 mg daily doses of oral insulin delayed
progression of β-cell failure in patients diagnosed at ages above 20 years[118]. Whether
oral tolerance can be induced by oral insulin was tested in the Diabetes Prevention
Trial-Type 1 (DPT-1), which was designed as a secondary prevention trial (Figure 2). It
showed that oral insulin (7.5 mg/d) had no effect in delaying or preventing T1DM in
people who were autoantibody positive; however, the beneficial effect of delaying
T1DM onset in patients with confirmed insulin autoantibody (IAA) levels ≥ 80 nU/mL
was observed by subgroup analyses[119]. Longitudinal data analysis of IAA levels in the
DPT-1 study showed that oral insulin (7.5 mg/d) did not affect IAA levels in
individuals already present of IAA at onset of therapy[120]. The 13-year follow-up study
indicated that the above beneficial effect observed in patients with IAA ≥ 80 nU/mL
may be maintained as long as treatment continues[121]. These results suggested that IAA
levels may be a key recruitment criterion for such studies. Promoted by the DPT-1
study, a randomized clinical trial (ClinicalTrials.gov Identifier: NCT00419562) showed
that oral insulin (7.5 mg/d) exhibited no effect to delay or prevent T1DM over 2.7
years in autoantibody-positive relatives of patients with T1DM and oral insulin
formulation applied by this study cannot be used for diabetes prevention[122]. As a
primary prevention trial (Figure 2), the Pre-POINT Randomized Clinical Trial
(ISRCTN76104595) fed T1DM-high-risk children who had no signs of islet
autoimmunity with high doses of insulin and compared with placebo, oral insulin
(67.5 mg/d) led to a regulatory immune response without hypoglycemia. The
enhanced saliva IgG towards insulin and regulatory profiles of T-cells responding to
insulin among treated individuals indicated the successful induction of oral
tolerance[123]. Benefited from these promising findings observed in this small pilot
study, a larger phase 2 trial (ClinicalTrials.gov Identifier: NCT02547519) is underway.
In addition, there are some clinical trials that are underway, such as Frida insulin
intervention (ClinicalTrials.gov Identifier: NCT02620072) titled “Mechanistic Study
Using Oral Insulin for Immune Efficacy in Secondary Prevention of Type 1 Diabetes”
containing two insulin dose strengths (7.5 mg/d and 67.5 mg/d) and oral insulin
therapy for prevention of autoimmune diabetes in infants (4 mo to 7 mo) with high
genetic risk: the GPPAD-POInT (Global Platform of Autoimmune Diabetes-Primary
Oral Insulin Trial, ClinicalTrials.gov Identifier: NCT03364868)[124].

CONCLUSION
More detailed pathophysiological mechanisms responsible for the development of
T1DM have been clarified by various studies performed during the past decades.
However, the true cause of this disease remains unclear and translation of those above
findings to an effective treatment has not been achieved. Working as an antigenspecific immunotherapy, oral tolerance therapy, if applied properly, exhibits the
ability to restore the immune system towards durable tolerance to disease-related
autoantigen(s). Various T cell subsets, such as Th1/2 and Tregs, and the related
cytokines contribute to inducing oral tolerance, however, the potential signaling
pathways controlling such immune responses contained in the development of oral
tolerance are unclear and these processes as well as many aspects of the involved
mechanisms need to be further studied to offer new targets for regulating tolerance.
As reviewed above, oral tolerance therapy for T1DM has been widely investigated
in animal models, especially in NOD mice. Most previous studies indicate that oral
administration of T1DM related autoantigens exhibits a positive effect to prevent,
delay, or reverse the disease in NOD mice. However, these preclinical reports are
somewhat conflicting in respect to the timing of therapy initiation, frequency and
dosage of autoantigen administration, treatment duration, type of autoantigen
applied, demand for combinational reagents and, perhaps most importantly, degree of
efficacy. In addition, there are some reports indicating that oral autoantigen therapy
exhibits no effect in delaying or preventing the onset of T1DM in animal models,
possibly because antigens passing through the GIT are degraded, which leads to little
autoantigen reaching the mucosal immune surface and subsequently influences
tolerance induction. Therefore, a high amount of autoantigen may be needed and in
order to circumvent this problem, some plant-, microbe-, or NPs-based delivery
vehicles have been applied and shown promising outcomes. Based on the results
obtained from oral autoantigen alone therapy, combinatorial therapy has been
proposed by researchers to enhance tolerance induction. In addition to direct oral
administration of different autoantigens (insulin and GAD65), various immune
adjuvants, such as CTB and HSP65, and/or immunomodulatory agents, such as anti-
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CD3 antibody, IL-10 and IL-4, have been applied in combination with oral
administration of autoantigen(s). These combination therapies show synergy and
perform potential as effective treatment options to enhance the protective effect of oral
administration of autoantigen(s) by inducing tolerance in NOD mice.
Compared to trials applied in animals in which various autoantigens or
combinational strategies have been performed, oral tolerance trials in human clinical
trials mainly focus on the direct oral administration of various dosages of insulin.
Although some oral insulin therapies for T1DM have been shown to be effective in
animals, their clinical translation has not been achieved. Some important differences
related to the progression of T1DM in animal models and humans may be responsible
for this translation failure, such as the time course of disease, the speed and degree of
destruction or recovery of β-cell, cytokine profile and function, male or female
preference, and genetic polymorphisms. Furthermore, compared to the mouse models,
humans exhibit more complicated regulation in the immune system, which may result
in a lower immune response to the similar dosage of autoantigens. In addition, it
should be noted that efficacy rather than safety is more addressed during the design
and implementation of animal studies and the potential treatment-associated
complications are less investigated or documented. However, the safety of oral
tolerance induction should be considered when designing clinical trials and therefore,
among the performed clinical trials, a lower dose of orally administered autoantigens
is applied, and some combinational therapies using various delivery vehicles, immune
adjuvants, or immunomodulatory agents have not been introduced.
As an antigen-based immunotherapy, we believe that oral tolerance therapy shows
promise for restoring immune tolerance to autoantigen(s) and subsequently
preventing, delaying, or reversing T1DM. To achieve this aim in human clinical trials,
the following factors need to be carefully considered. First, immune biomarkers with
improved sensitivity and specificity are needed to identify individuals at risk of T1DM
as early as possible. Appropriate combination of immune biomarkers plays an
absolutely important role in including the most appropriate target population into the
right trials and evaluating treatment effects early. Second, since T1DM is a
heterogeneous disease, all patients might not exhibit a similar response to a similar
oral tolerance therapy. Therefore, more personalized strategies for tolerance induction
may be needed to develop. Third, the results obtained from animal and human tests
have shown that it may be far easier to prevent T1DM by oral tolerance therapy than
to arrest or reverse its effects after clinical onset. Therefore, assuming that it is safe,
oral tolerance therapy should be introduced in at-risk subjects, who are often children,
as early as possible prior to the clinical onset of T1DM. Finally, animal studies have
indicated that combinational therapies consisting of autoantigen administration with
immune adjuvants and/or immunomodulatory agents possess the potential to safely
prevent or stably reverse disease processes. Such combination studies in humans,
which may be difficult to conduct, have not been published; however, these strategies
still exhibit high therapeutic potential.
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Abstract
BACKGROUND
Metabolic disturbances including changes in serum calcium, magnesium or
phosphate (P) influence the prevalence of type 2 diabetes mellitus (DM). We
assessed the importance of serum P in elderly patients with type 2 DM vs nondiabetes mellitus (non-DM) in relation to renal function.
AIM
To determine the association between serum P and serum glucose or insulin
resistance in diabetic and non-diabetic patients.
METHODS
One hundred-ten subjects with a mean age of 69.02 ± 14.3 years were enrolled.
Twenty-nine of the participants had type 2 DM (26.4%). The incidence of
hypertension, smoking and receiving vitamin D (vitD) derivates were recorded.
The participants were classified by both estimated glomerular filtration rate
(eGFR) and albuminuria categories according to the Kidney Disease Improving
Global Outcomes 2012 criteria.
RESULTS
We divided the patients in two groups according to the P cut-off point related to
DM value. A comparison between high and low P showed that body mass index
30.2 ± 6.3 vs 28.1 ± 4.6 (P = 0.04), mean glucose 63.6 vs 50.2 (P = 0.03), uric acid 6.7
± 1.6 vs 6.09 ± 1.7 (P = 0.05), mean intact-parathyroid hormone 68.06 vs 47.4 (P =
0.001), systolic blood pressure 147.4 ± 16.7 vs 140.2 ± 16.1 (P = 0.02), mean
albuminuria 63.2 vs 50.6 (P = 0.04) and eGFR 45.6 ± 22.1 vs 55.4 ± 21.5 (P = 0.02)
were significantly different. χ2 tests showed a significant association between high
P and DM, hypertension, receiving vitD, smoking and eGFR stage (χ2 = 6.3, P =
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0.01, χ2 = 3.9, P = 0.03, χ2 = 6.9, P = 0.009, χ2 = 7.04, P = 0.01 and χ2 = 7.36, P = 0.04,
respectively). The adjusted model showed that older age, female gender and
increased body mass index were significant predictors of type 2 DM when
entering the covariates.
CONCLUSION
High serum P contributes to vascular and metabolic disturbances in elderly
patients with type 2 DM and renal impairment.
Key Words: Serum phosphate; Diabetes mellitus; Renal disease; Old age; Albuminuria;
Vitamin D
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: Despite high serum phosphate (P) being associated with hypertension,
albuminuria, smoking, low estimated glomerular filtration rate and metabolic disorders,
traditional factors including older age, female gender and high body mass index were
proved to be potential predictors of type 2 diabetes mellitus. Serum P levels were similar
in diabetic and non-diabetic patients and the association between serum P and serum
glucose or insulin resistance was found to be non-significant in both diabetic and nondiabetic patients, which was discordant with previous reports, due to renal dysfunction.
Citation: Raikou VD, Kyriaki D, Gavriil S. Importance of serum phosphate in elderly patients
with diabetes mellitus. World J Diabetes 2020; 11(10): 416-424
URL: https://www.wjgnet.com/1948-9358/full/v11/i10/416.htm
DOI: https://dx.doi.org/10.4239/wjd.v11.i10.416

INTRODUCTION
Patients with type 2 diabetes mellitus (DM) are a high risk group and metabolic
disorders contribute to the prediction of morbidity and mortality in this population.
Metabolic disturbances including changes in serum calcium, magnesium or phosphate
(P) can explain why dyslipidemia, hyperglycemia and hyperuricemia, which are
related to obesity, impact the progression to type 2 DM[1].
It has been reported that low serum levels of P are associated with increased insulin
resistance in the healthy population[2]. Moreover, a previous experimental study using
rats suggested that P depletion results in low insulin secretion by pancreatic beta cells,
due to high intracellular calcium and inhibition of adenosine triphosphatase
production[3]. Thus, it has been suggested that low serum P may disturb the regulation
of serum glucose in non-DM with obesity[4].
Phosphate is essential for life, as it participates in the structure of cellular
membranes as a material of nucleic acids, phospholipids and adenosine triphosphate.
Additionally, P plays a crucial role in cellular signaling through reactions of
phosphorylation. Homeostasis of P is affected by multiple interactions between the
intestine, parathyroid glands, kidneys and bone.
Serum P levels are dependent on the absorption in the gut from dietary P, the
excretion and reabsorption of P in the kidneys, and the movement of P between the
extracellular and skeletal pools. Parathyroid hormone and fibroblast growth factor 23
play an important role in the regulation of serum P by mediating urinary P removal[5].
Elevated serum P is recognized as an independent predictor for advanced vascular
disease in chronic kidney disease (CKD)[6]. However, epidemiological studies showed
that all-cause mortality was independently related to increased serum P in all
populations, even without CKD and serum P levels in the upper normal reference
range[7,8].
In this study, we assessed the importance of serum P levels in elderly patients with
type 2 DM compared to those without DM in relation to renal function clustering in
CKD stages 1-4.
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MATERIALS AND METHODS
Study subjects
This was a single-center cross-sectional study which included a total of one hundredten subjects. The participants were from the Department of Nephrology outpatient
clinic of our Hospital, in which elderly non-dialysis patients are prevalent in
accordance with most Nephrology Clinics worldwide. As the geriatric population
continues to increase in most countries of the world (defined as age > 65 years) and the
prevalence of renal disease rises with advancing age, nephrologists are usually
confronted with an elderly patient population with co-morbidities and require
ongoing care[9,10].
We studied sixty-seven males and forty-three females with a mean age of 69.02 ±
14.3 years after the exclusion of uncooperative patients and those who were younger
than eighteen years of age. Subjects with established psychiatric symptomatology or
dementia diagnosed by neuropsychologists were also excluded from the study, due
mainly to invalid informed medical history or treatment.
Detailed individual medical histories and current pharmaceutical therapy were
obtained from the participants. Twenty-nine of the participants had type 2 DM (26.4%)
and eighty-one did not have DM (73.6%). The diabetics were taking the same
hypoglycemic medications and both diabetics and non-diabetics were taking the same
hypolipidemic medications. A total of seventy-five participants were hypertensive
(68.2%) and thirty-five were non-hypertensive (31.8%). The hypertensive patients were
receiving the same anti-hypertensive medications including beta-blockers, calcium
channel blockers, and inhibitors of angiotensin II AT1 receptors. Forty subjects (36.4%)
were taking vitamin D (vitD) and seventy ( 63.6%) were not taking vitD. None of the
participants was taking P binders.
Demographic data including age, gender and lifestyle characteristics regarding
physical activity, smoking and alcohol drinking were collected using a questionnaire.
Fourteen of the participants were current smokers (12.7%), and ninety-six were nonsmokers (87.3%). Non-drinkers were considered those who did not consume alcohol
during the past month. The World Health Organization (WHO) recommendations for
healthy adults were used to measure physical activity/inactivity[11].
Anthropometric measurements including body weight (to the nearest 0.1 kg) and
height (to the nearest 0.1 cm) were recorded using an anthropometer (Seca, Hamburg,
Germany). Body mass index (BMI) was calculated by dividing the body weight in
kilograms by the square of the height in meters (kg/m2) and categorized based on the
WHO classification[12]. Waist circumference (WC), was measured from the midpoint
between the top of iliac crest and the lower margin of the last palpable rib at the end of
a normal expiration according to the WHO guidelines[13].

Biochemical measurements
Overnight fasting plasma glucose (normal range 65-110 mg/dL), creatinine (normal
range 0.5-1.2 mg/dL), uric acid (normal range 2.6-6.0 mg/dL), calcium (normal range
8.1-10.4 mg/dL), P (normal range 2.5-4.5 mg/dL), triglycerides (normal range 40-150
mg/dL), low-density lipoprotein-cholesterol (normal range < 160 mg/dL) and highdensity lipoprotein-cholesterol (normal range 35-80 mg/dL) were recorded from
patient files using the latest results. A spectrophotometric technique using a Chemistry
Analyzer (MINDRAY BS-200, Diamond Diagnostics, United States) was used for
biochemical measurements.
The concentration of intact-parathyroid hormone (i-PTH) (normal range 18.5-88
pg/mL) and insulin (normal range 2.6-25 μU/mL) were measured by
radioimmunoassays (CIS Bio International/France and BioSource Europe SA,
Belgium, respectively). 25 hydroxyvitaminD3 [25(OH) D3] (normal range 30-100
ng/mL) was assessed using high-performance liquid chromatography[14].
The homeostasis model assessment of insulin resistance (HOMA-IR)[15] was used to
calculate insulin resistance.
Urinary albumin and creatinine concentrations were measured by the Chemistry
Analyzer using spot urine samples from the first morning void.

Definitions
Hypertension was defined as a mean systolic blood pressure (SBP) ≥ 140 mmHg
and/or diastolic blood pressure (DBP) ≥ 80 mmHg and/or participants who were
taking antihypertensive therapy due to a pre-existing history of hypertension. We
recommended the home two per day blood pressure measurements for SBP and DBP
using an automatic sphygmomanometer (OMRON M4-I Co., Ltd., Kyoto, Japan).
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Peripheral mean blood pressure (pMBP) was calculated as: pMBP = DBP + 0.4 (SBP DBP). Pulse pressure was calculated as the difference between SBP and DBP.
The presence of CKD was defined according to the Kidney Disease Improving
Global Outcomes (KDIGO) 2012 criteria for a duration more than 3 mo[16]. The
estimated glomerular filtration rate (eGFR) was calculated using the CKD
Epidemiology Collaboration equation and classified in 4 categories (1 to 4) according
to KDIGO 2012 criteria, as we did not include patients in the fifth stage of CKD. We
also classified our participants in stages based on albuminuria, which was defined as
urinary albumin-to-creatinine ratio (ACR) ≥ 30 mg/g according to KDIGO 2012[16]. As
the ACR correlates well with 24-h urinary albumin excretion, calculation of ACR using
a spot urine sample was considered acceptable[17]. Primary renal diseases included
hypertensive nephrosclerosis, diabetic nephropathy, interstitial nephritis and
other/unknown.
Central or visceral obesity was determined by a WC ≥ 94 cm in men and ≥ 80 cm in
women using the International Diabetes Federation criteria for the diagnosis of
metabolic syndrome[18].

Statistical analysis
Data were presented as absolute numbers and frequencies for binary and categorical
variables. Data were expressed as mean ± SD or as median value (interquartile range)
for data that showed skewed distribution. The differences between mean values for
two groups were assessed using the unpaired t-test and data that showed skewed
distributions were compared using the Mann-Whitney U-test. Bivariate correlations
between variables were defined by Spearman coefficient and comparisons between
categorical variables were defined by χ 2 tests. A P value < 0.05 was considered
statistically significant. We built a model using logistic regression analysis in order to
investigate the predictive role of serum P on the manifestations of DM by adjusting for
covariates. Additionally, we built models using linear regression analysis to determine
the relationship between serum P and serum glucose levels adjusting for covariates.
The SPSS 15.0 statistical package for Windows (SPSS Inc., Chicago, IL, United States)
was used for statistical analysis.

RESULTS
Correlations
Bivariate correlations defined by the Spearman coefficient showed a significant
positive correlation between serum P and serum glucose (r = 0.204, P = 0.03), uric acid
(r = 0.195, P = 0.04), albuminuria (r = 0.192, P = 0.04), i-PTH (r = 0.239, P = 0.01) and
pMBP (r = 0.214, P = 0.02), although the relationship between P and eGFR was found
to be significantly inverse in all subjects (r = -0.224, P = 0.01). When including diabetics
and non-diabetics separately we observed that the correlation between serum P and
both serum glucose and HOMA-IR was non-significant in both groups.

Comparisons
We determined the differences between diabetics and non-diabetics and observed
similar serum P levels between these groups.
The patients were then divided into two groups according to the receiver operating
characteristic curve P cut-off point related to a DM value equal to 3.65 mg/dL (greater,
n = 43 or lower, n = 67 than 3.65 mg/dL). Characteristics and differences between the
two groups of patients are listed in Table 1. The comparison between high and low P
showed: BMI: 30.2 ± 6.3 vs 28.1 ± 4.6 (P = 0.04), mean glucose: 63.6 vs 50.2 (P = 0.03),
uric acid: 6.7 ± 1.6 vs 6.09 ± 1.7 (P = 0.05), mean i-PTH: 68.06 vs 47.4 (P = 0.001), SBP:
147.4 ± 16.7 vs 140.2 ± 16.1 (P = 0.02), pMBP: 108.02 ± 9.8 vs 103.6 ± 7.8 (P = 0.01), mean
albuminuria: 63.2 vs 50.6 (P = 0.04), eGFR: 45.6 ± 22.1 vs 55.4 ± 21.5 (P = 0.02), WC:
108.09 ± 15.9 vs 102.8 ± 14.3 (P = 0.07) and mean HOMA-IR: 56.8 vs 54.6 (P = 0.7).

Categorical associations
χ2 tests showed significant associations between high P and DM, hypertension and
receiving vitD (χ2 = 6.3, P = 0.01, χ2 = 3.9, P = 0.03 and χ2 = 6.9, P = 0.009, respectively).
χ 2 tests between high P and both eGFR and smoking also revealed significant
associations (χ2 = 7.36, P = 0.04 and χ2 = 7.04, P = 0.01, respectively). The relationship
between higher serum P and albuminuria or high insulin resistance defined by
HOMA-IR was found to be non-significant.
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Table 1 The differences between groups of patients according to serum phosphate higher or lower than the cut-off point related to
diabetes mellitus equal to 3.65 mg/dL
Characteristic

Patients with serum P > 3.65 mg/dL ( Patients with serum P < 3.65 mg/dL (
P value
n = 43), mean ± SD
n = 67), mean ± SD

Age (yr)

71.2 ± 12.8

67.6 ± 15.2

0.2

BMI (kg/m2)

30.2 ± 6.3a

28.1 ± 4.6

0.04

WC (cm)

108.09 ± 15.9

102.8 ± 14.3

0.07

a

Uric acid (mg/dL)

6.7 ± 1.2

6.09 ± 1.7

0.05

LDL-C (mg/dL)

102.2 ± 29.5

110.1 ± 32.1

0.2

HDL-C (mg/dL)

44.5 ± 13.2

47.1 ± 9.8

0.2

Triglycerides (mg/dL)

137.7 ± 54.4

129.01 ± 60.1

0.4

Calcium (mg/dL)

9.5 ± 0.6

9.5 ± 0.5

0.9

3.2 ± 0.3

0.001

a

P (mg/dL)

4.2 ± 0.4

a

i-PTH (pg/mL)

mean rank = 68.06

47.4

0.001

25(OH)D3 (ng/mL)

18.9 ± 12.7

20.8 ± 9.2

0.3

Glucose (mg/dL)

mean rank = 63.6a

50.28

0.03

Insulin (μU/mL)

11.6 ± 7.4

11.9 ± 8.7

0.8

HOMA-IR (mmol/L)

mean rank = 56.8

54.6

0.7

a

SBP (mmHg)

147.4 ± 16.7

140.2 ± 16.1

0.02

DBP (mmHg)

mean rank = 62.08

51.28

0.07

a

pMBP (mmHg)

108.02 ± 9.8

103.6 ± 7.8

0.01

PP (mmHg)

65.7 ± 16.2

61.01 ± 17.7

0.1

ACR (mg/g)

mean rank = 63.2a

50.6

0.04

eGFR (mL/min/1.73 m2)

45.6 ± 22.1a

55.4 ± 21.5

0.02

Category variables

n (%)

DM (yes/no)

n (%)

17 (39.5)/26 (60.5)

a

a

12 (17.9)/55 (82.1)

0.01

41 (61.2)/26 (38.8)

0.03

Hypertension (yes/no)

34 (79.1)/9 (20.9)

Receiving vitD (yes/no)

22 (51.2)/21 (48.8)a

18 (26.9)/49 (73.1)

0.009

Smoking (yes/no)

10 (23.3)/33 (76.7)a

4 (6)/63 (94)

0.01

Alcohol consumption (yes/no)

13 (30.2)/30 (69.8)

16 (23.9)/51 (76.1)

0.3

Physical activity (yes/no)

17 (39.5)/26 (60.5)

34 (50.7)/33 (49.3)

0.1

Classification based on eGFR:

0.04

2

a

eGFR > 90 mL/min/1.73 m

3 (7)

6 (9)

eGFR = 60-90 mL/min/1.73 m2

7 (16.3)

18 (26.9)

eGFR = 30-60 mL/min/1.73 m2

21 (48.8)

37 (55.2)

2

12 (27.9)

6 (9)

eGFR = 15-30 mL/min/1.73 m

a

P < 0.05. P: Phosphate; BMI: Body mass index; WC: Waist circumference; LDL-C: Low density lipoprotein cholesterol; HDL-C: High density lipoprotein
cholesterol; i-PTH: Intact-parathyroid hormone; 25(OH)D3: 25 hydroxyD3; HOMA-IR: Homeostasis model assessment of insulin resistance; SBP: Systolic
blood pressure; DBP: Diastolic blood pressure; pMBP: Peripheral mean blood pressure; PP: Pulse pressure; ACR: Albumin-to-creatinine ratio; eGFR:
Estimated glomerular filtration rate; DM: Diabetes mellitus.

Adjusted models
The logistic regression analysis model showed that older age, female gender and
increased BMI were significant predictors for the manifestations of type 2 DM after
entering hypertension, smoking, serum calcium and serum P levels as covariates
(Table 2). Moreover, in non-diabetics we observed that only high BMI predicted
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Table 2 Logistic regression analysis for predicting diabetes mellitus manifestations
Variables in model

P value

Odds ratio

Confidence interval

Age (yr)

0.003

1.07

1.02-1.13

Gender (male/female)

0.04

0.30

0.09–0.99

BMI (kg/m2)

0.02

1.11

1.01–1.22

Hypertension (yes/no)

0.4

1.58

0.4–5.9

Smoking (yes/no)

0.08

3.7

0.8–17.02

Calcium (mg/dL)

0.2

1.6

0.7–3.7

P (mg/dL)

0.9

1.05

0.4–2.4

DM: Diabetes mellitus; BMI: Body mass index; P: Phosphate.

elevated serum glucose adjusting for age, gender, hypertension, smoking, eGFR,
albuminuria, serum calcium and serum P (Table 3). In contrast, in diabetics we
observed that only albuminuria can predict high serum glucose entering the same
covariates (Table 4).

DISCUSSION
A previous study which included 162 patients with type 2 DM vs 82 hospitalized nonDM patients showed that serum P levels were lower in type 2 DM, due to the
disturbance in metabolism[19]. In contrast, in the present study we did not observe
reduced serum P in the diabetic group compared with the non-DM group. This
discrepancy may be attributed to the fact that 69.1% of our subjects had low renal
function defined by an eGFR less than 60 mL/min/1.73 m2. The elimination of P
depends on renal function, thus a positive P balance occurs in the early stage of renal
dysfunction, although serum P levels mainly increase in advanced stages of CKD and
remain elevated in patients in the end stage of renal disease without dialysis
treatment. Indeed, as shown in Table 1, we noted a significant association between
high serum P and eGFR and most of the patients with high serum P were classified in
the third and fourth eGFR stage, although most of those with a low serum P were
classified in the first, second and the third eGFR stage.
A previous study also reported a positive correlation between serum glucose and
serum P in non-diabetics (n = 82), although in the type 2 diabetic group (n = 162) this
correlation was found to be non-significant[19]. In contrast, we observed a positive
correlation in all our subjects, but not separately in non-diabetics (n = 81) or diabetics (
n = 29). Our findings are in agreement with those of the previous study regarding the
diabetic patients, but not the non-diabetic patients, even though we included a similar
number of non-diabetic participants to that in the previous study.
In addition, we noted a significant relationship between high serum P and the
manifestations of DM divided according to the P cut-off point for DM. We also
observed that the patients with higher serum P had more vascular and metabolic
abnormalities than those with lower serum P, in agreement with previous reports[1,20].
The patients who had higher serum P had significantly higher blood pressure, BMI,
uric acid, serum glucose, i-PTH, albuminuria and decreased eGFR in comparison to
those with lower serum P. Furthermore, the relationship between high serum P and
both hypertension and smoking was found to be significant. Indeed, it has already
been noted that vascular calcification, arterial stiffness, cardiovascular mortality and
progression of renal disease in patients with CKD or without CKD were correlated
with higher serum P[21-23]. A previous study of the general population also showed that
smokers have higher serum P levels[24].
It was observed that low serum P was combined with increased insulin resistance in
the healthy population. A previous study of 881 non-diabetic subjects showed that low
serum P levels were associated with high 2-h serum glucose and reduced insulin
sensitivity[2]. However, in this study which included 81 non-diabetics we observed a
non-significant correlation between serum P levels and insulin resistance defined by
HOMA-IR. We also found mildly increased HOMA-IR combined with more central
obesity in patients with higher serum P rather than in those with low serum P. We can
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Table 3 Relation to serum glucose variables in our participants without diabetes mellitus (n = 81)
Variables in model

Beta

t

Sig.

Lower

Upper

Age (yr)

-0.02

-0.17

0.8

-0.28

0.24

Gender (male/female)

-0.03

-0.3

0.7

-7.8

5.6

BMI (kg/m2)

0.4

3.9

0.001

0.5

1.6

Hypertension (yes/no)

0.02

0.2

0.8

-6.5

8.2

0.04

0.3

0.7

-8.4

12.09

eGFR value (mL/min/1.73 m )

- 0.2

- 1.6

0.1

-0.3

0.03

ACR (mg/g)

0.03

0.2

0.7

-0.007

0.01

Calcium (mg/dL)

0.13

1.2

0.2

-2.4

9.7

P (mg/dL)

0.1

0.9

0.3

-2.7

7.7

Smoking (yes/no)
2

Dependent variable: serum glucose. DM: Diabetes mellitus; BMI: Body mass index; eGFR: Estimated glomerular filtration rate; ACR: Albumin-to-creatinine
ratio; P: Phosphate.

Table 4 Relation to serum glucose variables in our patients with diabetes mellitus (n = 29)
Variables in model

Beta

t

Sig.

Lower

Upper

Age (yr)

0.26

1.02

0.3

-1.06

3.1

Gender (male/female)

0.06

0.2

0.7

-30.5

39.8

BMI (kg/m2)

0.3

1.2

0.2

-1.6

6.5

Hypertension (yes/no)

-0.2

-1.3

0.19

-70.04

15.5

0.33

1.4

0.15

-12.7

74.4

eGFR value (mL/min/1.73 m )

- 0.06

-0.2

0.79

-1.1

0.86

ACR (mg/g)

0.4

2.2

0.03

0.003

0.09

Calcium (mg/dL)

0.2

1.1

0.2

-10.6

38.2

P (mg/dL)

-0.13

-0.6

0.5

-32.4

17.07

Smoking (yes/no)
2

Dependent variable: serum glucose. DM: Diabetes mellitus; BMI: Body mass index; eGFR: Estimated glomerular filtration rate; ACR: Albumin-to-creatinine
ratio; P: Phosphate.

explain this finding in our participants who had renal function impairment (69.1%)
combined with a higher serum P. Decreased renal function itself is strongly associated
with increased insulin resistance[25].
Moreover, in our study we observed a significant association between high serum P
and receiving vitD, as it is known that vitD mediates the absorption and metabolism of
P. However, it has been suggested that serum P changes during therapy with vitD
derivates and the increase in P impedes and/or abolishes the beneficial effect of
paricalcitol on endothelial function mostly in CKD patients[20].
Despite finding a significant non-adjusted association between high serum P and
manifestations of DM, the adjusted model showed that older age, female gender and
high BMI were significant predictors of DM manifestations, although high serum P
was not. Furthermore, in the non-DM group, high BMI was revealed to be a unique
significant predictor of high serum glucose levels, although in DM patients
albuminuria was an important predictor of serum glucose including potential
covariates as shown in Tables 3 and 4.
According to the findings of this study, despite the fact that high serum P was
found to be associated with hypertension, albuminuria, smoking, low eGFR and
metabolic disorders, the traditional factors including older age, female gender and
high BMI were proved to be stronger predictors of type 2 DM manifestations rather
than high serum P. Thus, those receiving vitD derivates require monitoring to prevent
a rise in serum P resulting in the abolishment of the beneficial effect of vitD on
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vascular endothelium.

Limitations
The main limitation of this study is the cross-sectional nature of the single-center
design in combination with the small number of patients.

CONCLUSION
High serum P contributes to vascular and metabolic disturbances in elderly patients
with type 2 DM and renal impairment. Serum P levels were similar in diabetics and
non-diabetics and the relationship between serum P and serum glucose or insulin
resistance was found to be non-significant in both diabetic and non-diabetic patients in
contrast to previous reports, due to reduced renal function.

ARTICLE HIGHLIGHTS
Research background
Metabolic disorders contribute to the prediction of morbidity and mortality in patients
with type 2 diabetes mellitus (type 2 DM). Changes in serum calcium, magnesium or P
are related to the prevalence of type 2 DM mainly in combination with obesity.

Research motivation
We determined the importance of serum P levels in elderly patients with type 2 DM
compared to those without DM in relation to renal function clustering in chronic
kidney disease stages 1-4.

Research objectives
One hundred-ten subjects with a mean age of 69.02 ± 14.3 years were included.
Twenty-nine participants had type 2 DM (26.4%).

Research methods
The participants were classified into both estimated glomerular filtration rate (eGFR)
and albuminuria categories according to the Kidney Disease Improving Global
Outcomes 2012 criteria. The incidence of hypertension, smoking and those receiving
vitamin D derivates were recorded.

Research results
We divided the patients in two groups according to the P cut-off point related to type
2 DM. A significant association was observed between high P and type 2 DM,
hypertension, receiving vitamin D, smoking and eGFR (χ2 = 6.3, P = 0.01, χ2 = 3.9, P =
0.03, χ2 = 6.9, P = 0.009, χ2 = 7.04, P = 0.01 and χ2 = 7.36, P = 0.04, respectively). A multifactorial model showed that older age, female gender and increased BMI were
significant predictors of type 2 DM after entering the covariates.

Research conclusions
High serum P contributes to vascular and metabolic disturbances in elderly patients
with type 2 DM and renal impairment.

Research perspectives
Compared with high serum P, traditional factors such as older age, female gender and
high BMI were proved to be stronger predictors of type 2 DM.
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Abstract
BACKGROUND
Diabetes is a progressive disease that increases glucose levels in the blood. While
studies have shown that patients with pulmonary disease (both obstructive and
restrictive pulmonary disease) have a higher prevalence of type 2 diabetes
mellitus (T2DM), there have been more studies on restrictive patterns than
chronic obstructive pulmonary disease.
AIM
To assess whether restrictive and obstructive pulmonary diseases are associated
with T2DM in Koreans.
METHODS
For our analysis, we used data from the Korea National Health and Nutrition
Examination Survey. A total of 2830 subjects were included in this study.
Spirometry results were categorized into three patterns: Normal, restrictive
pulmonary disease (RPD), and obstructive pulmonary disease (OPD).
RESULTS
The factors used as diabetic indicators (i.e. homeostatic model assessment of
insulin resistance, homeostatic model assessment of beta-cell function, glycated
hemoglobin, and fasting insulin) were among the highest in RPD but not in OPD.
Based on multivariate logistic regression analysis, subjects with RPD were found
with an increased odds ratio [OR: 1.907, 95% confidence interval (CI): 1.110-3.277]
for T2DM compared with subjects with normal pulmonary function, whereas in
patients with OPD, the OR had not increased. Model 4, which adjusted for the
variables that could affect diabetes and pulmonary disease, showed a significant
increase in the T2DM OR to RPD (OR: 2.025, 95%CI: 1.264-3.244). On the other
hand, no statistically significant difference was shown in OPD (OR: 0.982, 95%CI:
0.634-1.519).
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CONCLUSION
RPD, not OPD, is highly associated with T2DM regardless of the risk factors of
various T2DMs that can be confounds.
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diabetes mellitus; Insulin resistance; Glycated hemoglobin; Koreans
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Core Tip: This study was performed to assess whether restrictive and obstructive patterns
of pulmonary disease and type 2 diabetes mellitus (T2DM) are associated with each other
in Koreans. For our analysis, we used data from the Korea National Health and Nutrition
Examination Survey. A total of 2830 subjects were included in this study. Spirometry
results were categorized into three patterns: normal, restrictive, and obstructive pulmonary
disease. Restrictive pulmonary disease, not obstructive disease, is highly relevant to
T2DM regardless of other risk factors of various T2DMs that can be confounds.
Citation: Lee DY, Nam SM. Association between restrictive pulmonary disease and type 2
diabetes in Koreans: A cross-sectional study. World J Diabetes 2020; 11(10): 425-434
URL: https://www.wjgnet.com/1948-9358/full/v11/i10/425.htm
DOI: https://dx.doi.org/10.4239/wjd.v11.i10.425

INTRODUCTION
Diabetes is a progressive disease that increases glucose levels in the blood and has
several pathogeneses, including insulin resistance in the liver and dysfunction of
pancreas beta cells[1,2]. Type 2 diabetes mellitus(T2DM) is a complex disease associated
with increased risk of multiple complications, such as peripheral circulation disease,
and cardiovascular diseases such as stroke and coronary artery disease requiring
intervention for treatment and prevention[3]. The cause of these cardiovascular diseases
has been reported to be the increase in inflammation levels due to hyperglycemia and
the weakening of cardiopulmonary functions[4]. Also, an increase of 1% of glycated
hemoglobin (HbA1c), a blood sugar control factor, is known to increase the risk of
cardiovascular disease by 28%[5]. Moreover, in a recent study, the risk of pulmonary
dysfunction was higher in patients with impaired fasting glucose levels[6]. In addition,
subjects with T2DM decreased forced expiratory volume in 1 s (FEV1) and forced vital
capacity (FVC) regardless of race[7-9].
There are restrictive and obstructive pulmonary diseases in impaired pulmonary
function[10]. Restrictive pulmonary disease (RPD) is reduced in both FVC and FEV1,
resulting from a defect in thoracic compatibility[11]. On the other hand, obstructive
pulmonary disease (OPD) is known to be caused by a significant reduction in FEV1,
mainly due to airway blockages associated with smoking[12]. According to previous
studies, impaired pulmonary function causes insulin resistance[13-15]. In addition, an
increase in the inflammatory response derived from obesity causes insulin resistance
and increases the risk of cardiovascular disease associated with obesity[16]. It was
shown in previous studies that the prevalence rate of T2DM in chronic OPD patients is
high[17,18], whereas it is more related to RPD than chronic OPD[19,20].
As such, the association between T2DM and impaired pulmonary function is not
consistently explained. In addition, it is not clear whether this association is mediated
by insulin resistance or by other factors. Therefore, based on the cross-sectional data
from a large number of Korean subjects, this study examined the association between
RPD and OPD with insulin resistance and T2DM.

MATERIALS AND METHODS
Data source and sampling
This study obtained data from the Korea National Health and Nutrition Examination
Survey (KNHANES), 2015, a cross-sectional and nationally representative survey
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conducted by the Korean Centers for Diseases Control and Prevention. The subjects
were designated as those who responded to both the examination and the health
survey among adults aged 40 or older who were subjected to the pulmonary function
measurement. Among 7380 subjects that participated in KNHANES, 3008 subjects
under 40 years of age, 1401 subjects who did not measure pulmonary function, 105
subjects who did not measure T2DM components, and 105 subjects who did not do the
health survey were excluded. A total of 2830 participants were eligible for this study
(Figure 1).

Measurements of variables
Covariates: Body mass index (BMI) was calculated by dividing weight (kg) by height
(m). Waist circumference (WC) was measured at the midpoint between the bottom of
the rib cage and the top of the lateral border of the iliac crest with full expiration.
Blood samples were collected from subjects in the morning after overnight fasting and
analyzed at a national central laboratory. Blood pressure was measured using a
mercury sphygmomanometer in a seated position after a 10-min rest period. Two
measurements were made for all subjects at 5-min intervals. An average of two
measurements was used for the data analyses. Cigarette smoking condition was
categorized as never smokers, ex-smokers, and current smokers, and drinking
condition was dichotomized as current users and non-users. Physical examinations
included HbA1c, C-reactive protein (hs-CRP), fasting insulin, fasting glucose, waist
circumference, diastolic and systolic blood pressure, total cholesterol, low density
lipoprotein, high density lipoprotein-cholesterol, and triglyceride measurement
variables.

Measurement of pulmonary function
Pulmonary function was measured using a spirometer (model 2130; SensorMedics,
Yorba Linda, CA, Untied States). Participants were classified according to respiratory
patterns into a normal group (FEV 1/FVC ≥ 0.70, FVC ≥ 80% predicted), an OPD
group (FEV 1/FVC < 0.70), and a RPD group (FVC < 80% predicted, FEV 1 / FVC ≥
0.70)[21].

T2DM and insulin resistance
Homeostasis model assessment (HOMA) was used to calculate insulin resistance
HOMA-IR and beta-cell function HOMA-beta indices using the formula: HOMA-IR =
[fasting glucose (mg/dL) × fasting insulin (μU/mL)]/405 (> 2.5 indicating a high
index of IR)[22] and HOMA-beta = [fasting insulin (lU/mL) 360]/[fasting glucose
(mg/dL)-63][23].
Diabetes mellitus was defined by fasting glucose levels > 126 mg/dL in the health
examination. Type 2 diabetes was distinguished from type 1 diabetes based on age at
onset and treatment with insulin. Impaired fasting glucose (IFG) was defined as
fasting glucose levels ≥ 100 mg/dL and < 125 mg/dL. Also, even if data such as fasting
glucose and fasting insulin were normal, those who answered "yes" in the survey on
whether they take diabetes drugs were classified as diabetic patients.

Statistical analysis
Since this study uses a complex sampling design, the weight given by the KNHANES
has been applied. General characteristics were compared according to the pulmonary
function and the prevalence of T2DM through the Chi-square test. A logistic
regression analysis was used to analyze the association between pulmonary disease
and T2DM, and P values < 0.05 were considered statistically significant. Data analysis
uses the Statistic Package for Social Science 22.0 window version (Armonk, NY, United
States).

RESULTS
In this study, the prevalence of RPD was 8.86% and OPD 14.20%. Significant
differences by pulmonary disease were found in all variables except diastolic blood
pressure and drinking status. Compared with those in the normal group, RPD and
OPD subjects were of older age, with greater waist circumference, higher systolic
blood pressure, and higher triglyceride. Also, smokers and men were higher in OPD
than in normal and RPD. In terms of T2DM prevalence due to pulmonary disease,
RPD accounted for 21.1%, the highest. In addition, the factors used as diabetic
indicators, HOMA-IR, HOMA-beta, HbA1c, and fasting insulin, were all among the
WJD

https://www.wjgnet.com

427

October 15, 2020

Volume 11

Issue 10

Lee DY et al. Restrictive pulmonary disease and T2D

Figure 1 Subject selection from the Korea National Health and Nutrition Examination Survey 2015.

highest in the RPD, not in the OPD, compared to subjects with normal pulmonary
function. hs-CRP, which indicates inflammation levels, was also the highest in the RPD
(7.80 vs 9.84 vs 8.07) (Table 1).
Comparing pulmonary disease with fasting glucose levels, subjects with abnormal
glucose levels (T2DM or IFG) had a higher prevalence rate of RPD and OPD compared
to normal levels. In normal and IFG, the prevalence of RPD was significantly lower
than that of OPD, but RPD was higher in T2DM (RPD/OPD: 6.2/11.5 vs 8.4/13.3 vs
18.1/15.9). In addition, HOMA-IR, HbA1c, and fasting insulin were higher with
abnormal glucose levels, while HOMA-beta was significantly lower. The inflammatory
factor Hs-CRP also higher in IFG and T2DM compared to normal.
To find out the association between pulmonary disease in subjects who do not have
diabetes but are more likely to develop T2DM, multiple regression analyses were
performed by dividing levels of normal, IFG, and T2DM groups (Table 2). Model 1,
which adjusted for age and sex, showed that the probability of RPD was 1.453 times
[95% confidence interval (CI): 1.059-1.995] for IFG and 3.621 times (95%CI: 2.316-5.663)
for T2DM. However, Model 4, which adjusted for all variables that could be
influential, showed 1.907 times (CI: 1.110-3.277) for T2DM. In contrast, the analysis of
the association between OPD and IFG showed no significant association in any model
(Table 3). Model 4, which adjusted for the variables that could affect diabetes and
pulmonary disease, showed a significant increase in the T2DM odds ratio (OR) to the
RPD (OR: 2.025, 95%CI: 1.264–3.244). On the other hand, no statistically significant
difference was shown in OPD (OR: 0.982, 95%CI: 0.634–1.519) (Table 4).

DISCUSSION
This cross-sectional study is intended to identify the association of abnormal glucose
in pulmonary disease. In particular, RPD was highly associated with increased ORs of
T2DM regardless of major potential confounds, such as age and obesity factors. Thus,
the main findings of this study are that T2DM is highly related to RPD but not OPD.
Pulmonary disease is associated with T2DM risk factors such as smoking, HbA1c,
insulin resistance, hyperglycemia, and abdominal obesity, and these associations are
particularly prominent in RPD[24,25]. The results of this study also showed significantly
higher indicators of HbA1c, HOMA-IR, fasting glucose, and waist circumference in
RPD compared to normal and OPD.
Although smoking is known to be a major cause of reduced pulmonary function[26],
the results of this study show that it does not affect RPD. It has been confirmed to
influence OPD. Other prior studies have shown that the association between RPD and
T2DM prevalence rates is not significantly changed by smoking conditions, indicating
that smoking has little influence.
HbA1c, measured for diagnosis of T2DM and monitoring glucose control, is a risk
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Table 1 Characteristics of individuals with normal, restrictive, and obstructive pulmonary disease
Normal, n = 2177

RPD, n = 251

a

b

OPD, n = 402

53.50 ± 0.27

57.79 ± 0.81

62.40 ± 0.65c

Male (%)1

45.1a

50.8a

78.5b

T2DM (%)1

7.9a

21.1b

12.2c

HOMA-IR1

2.10 ± 0.07a

3.13 ± 0.41b

2.21 ± 0.14a

HOMA-beta1

78.51 ± 2.50a

83.13 ± 4.07b

76.23 ± 3.83c

HbA1c (%)1

5.71 ± 0.02a

6.14 ± 0.09b

5.93 ± 0.06bc

Hs-CRP (mg/L)1

1.07 ± 0.05a

1.79 ± 0.19b

1.48 ± 0.17a

Fasting insulin (UIU/mL)1

7.80 ± 0.16a

9.84 ± 0.61b

8.07 ± 0.43a

BMI (kg/m2)1

24.08 ± 0.07a

25.67 ± 0.23b

24.08 ± 0.16a

Fasting glucose (mg/dL)1

101.99 ± 0.67a

116.33 ± 3.64b

105.85 ± 1.62c

Waist circumference (cm)1

82.97 ± 0.22a

87.59 ± 0.60b

86.29 ± 0.45b

SBP (mmHg)1

119.46 ± 0.42a

123.83 ± 1.27b

124.47 ± 0.85b

DBP (mmHg)1

77.22 ± 0.26

76.53 ± 0.86

76.27 ± 0.659

Total cholesterol (mg/dL)1

197.35 ± 0.89a

190.21 ± 2.59b

191.86 ± 2.43b

LDL-cholesterol (mg/dL)1

118.97 ± 0.81a

114.61 ± 2.21a

116.41 ± 2.37b

HDL-cholesterol (mg/dL)1

50.73 ± 0.34a

47.97 ± 0.88b

46.62 ± 0.68b

Triglyceride (mg/dL)1

148.73 ± 3.28a

155.62 ± 11.25b

157.15 ± 7.17c

Smoking status (%) (non-/ex-/current
smoker)1

57.6/24.2/18.3a

56.7/25.3/18.0a

30.8/40.3/28.9b

Drinking alcohol status (%) (non-/current 25.6/74.4
drinking)

30.5/69.5

23.3/76.7

FVC (% predicted)1

3.69 ± 0.02a

2.88 ± 0.04b

3.83 ± 0.07a

FEV1 (L)1

2.93 ± 0.02a

2.29 ± 0.04b

2.48 ± 0.05c

FEV1/FVC1

0.80 ± 0.00a

0.80 ± 0.00a

0.64 ± 0.00b

PEF (L/s)1

7.75 ± 0.06a

6.55 ± 0.12b

6.67 ± 0.11b

Age (yr)

1

1

P < 0.05 by ANOVA or chi-square test. a,b,cThe same letters indicate non-significant difference between groups based on Bonferroni multiple comparison
test. Data were presented as means ± SD or n (%). T2DM: Type 2 diabetes mellitus; Hs-CRP: Hs-C-reactive protein; BMI: Body mass index; SBP: Systolic
blood pressure; DBP: Diastolic blood pressure; LDL-cholesterol: Low density lipoprotein-cholesterol; HDL-cholesterol: High density lipoproteincholesterol. FVC: Forced vital capacity; FEV1: Forced expiratory volume 1.

factor for cardiovascular disease[27]. In this study, the HbA1c level of RPD was the
highest compared to normal and OPD (5.71 vs 6.14 vs 5.93). These results are consistent
with the results of a prior study that showed a link between HbA1c and reduced
pulmonary function in diabetics[28]. Moreover, the high level of HbA1c in healthy
individuals means poor lung capacity, especially RPD[25].
Although pathological mechanisms for explaining the association between reduced
pulmonary function and insulin resistance and T2DM have not been identified, there
may be several common underlying causes. First, insulin resistance and
hyperglycemia, the main risk factors for T2DM, caused decreased pulmonary
function[29]. One study reported that insulin receptors exist in the lung pleura[30], and
this insulin can change the physiology, which can promote deterioration of the
respiratory muscle due to changes in glucose absorption in the thoracic muscle[31]. The
results of this study indicate that HOMA-IR and fasting glucose figures are
significantly higher in the RPD compared to normal and OPD, consistent with this
hypothesis.
Second, the accumulation of fat in the abdominal cavity reduces lung volume and
decreases the motion of the diaphragm, so pulmonary function is likely to be
reduced[32,33]. The results of this study show that WC and BMI are significantly higher
in RPD and OPD than in normal groups, supporting this hypothesis. However, there is
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Table 2 Characteristics of individuals with pulmonary function in normal, impaired fasting glucose, and type 2 diabetic subjects
Normal, n = 1608
Age (yr)

1

IFG, n = 934

a

b

T2DM, n = 288
58.95 ± 0.71c

53.63 ± 0.31

56.23 ± 0.40

Male (%)1

42.9 ± 1.3a

58.2 ± 1.7b

62.0 ± 3.5b

RPD/OPD (%)1

6.2/11.5a

8.4/13.3b

18.1/15.9c

HOMA-IR1

1.45 ± 0.03a

2.49 ± 0.06b

5.52 ± 0.58c

HOMA-beta1

84.75 ± 1.58a

76.38 ± 1.93b

48.56 ± 3.96c

HbA1c (%)1

5.47 ± 0.01a

5.79 ± 0.02b

7.61 ± 0.12c

Hs-CRP (mg/L)1

0.94 ± 0.04a

1.34 ± 0.09b

2.04 ± 0.30c

Fasting insulin (UIU/mL)1

6.42 ± 0.12a

9.35 ± 0.24b

13.02 ± 1.05c

BMI (kg/m2)1

23.63 ± 0.08a

24.97 ± 0.11b

25.19 ± 0.22b

Fasting glucose (mg/dL)1

90.84 ± 0.16a

107.44 ± 0.26b

168.79 ± 3.34c

Waist circumference (cm)1

81.52 ± 0.24a

86.44 ± 0.31b

88.32 ± 0.57c

SBP (mmHg)1

117.92 ± 0.46a

123.00 ± 0.58b

126.55 ± 1.14c

DBP (mmHg)1

76.39 ± 0.32a

78.18 ± 0.39b

77.10 ± 0.75a

Total cholesterol (mg/dL)1

196.00 ± 0.96a

198.67 ± 1.46a

186.82 ± 2.73b

LDL-cholesterol (mg/dL)1

118.77 ± 0.91a

120.50 ± 1.30a

107.90 ± 2.26b

HDL-cholesterol (mg/dL)1

51.71 ± 0.39a

48.25 ± 0.46b

45.30 ± 0.72c

Triglyceride (mg/dL)1

130.65 ± 3.08a

166.09 ± 5.44b

216.02 ± 15.20c

Smoking status (%) (non-/ex-/current
smoker)1

59.9/22.1/18.0a

46.6/32.0/21.4b

45.6/31.7/22.8b

Drinking alcohol status (%) (non/current drinking)

26.4/73.6

23.6/76.4

28.9/71.1

FVC (% predicted)1

3.61 ± 0.26a

3.72 ± 0.04b

3.56 ± 0.07a

FEV1 (L)1

2.81 ± 0.02a

2.86 ± 0.03ab

2.72 ± 0.05ac

FEV1/FVC1

0.78 ± 0.00a

0.77 ± 0.00b

0.77 ± 0.01b

PEF (L/sec)1

7.42 ± 0.06a

7.73 ± 0.09b

7.48 ± 0.15ab

1

P < 0.05 by ANOVA or chi-square test. a,b,cThe same letters indicate non-significant difference between groups based on Bonferroni multiple comparison
test. Data were presented as means ± SD or n (%). IFG: Impaired fasting glucose; T2DM: Type 2 diabetes mellitus; Hs-CRP: Hs-C-reactive protein; BMI:
Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; LDL-cholesterol: Low density lipoprotein-cholesterol; HDL-cholesterol:
High density lipoprotein-cholesterol; FVC: Forced vital capacity; FEV1: Forced expiratory volume 1.

no statistically significant difference between the WC and BMI of RPD and OPD. In
other words, abdominal obesity may be the basis for explaining the association
between decreased pulmonary function and T2DM, but it does not seem to explain
fully the relationship between RPD and T2DM.
Third, systemic inflammatory responses with insulin resistance lead to reduced
pulmonary function and the development of diabetes[34]. Visceral fat, one of the risk
factors for diabetes, affects the concentration of cytokines in the blood such as
interleukin-6, adiponectin, leptin, and tumor necrosis factor-α, causing systemic
inflammatory reactions and chronic low-grade inflammation reduced pulmonary
function[35,36]. In this study, the hs-CRP, an indicator of systemic inflammatory
reactions, was the highest in RPD, and the prior study is consistent with the findings
that the increase in hs-CRP is highly related to pulmonary disease[37-39].
To summarize, there was a significant association between RPD and T2DM,
whereas IFG was weak or not present. This suggests that T2DM is not a result of RPD,
rather the cause of T2DM. Thus, it can be seen that risk factors, such as HOMA-IR,
HbA1c, hyperglycemia, abdominal fat, and inflammatory index hs-CRP, are not
sufficient in IFG to cause RPD compared to T2DM. Therefore, it would be worthwhile
to examine the pulmonary function of IFG patients in future longitudinal studies
according to the pattern of their T2DM progression.
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Table 3 Odds ratios for pulmonary function according to the fasting glucose level by multivariate logistic regression analysis
Fasting glucose odds ratio (95%CI)

Pulmonary disease
Model 1

Model 2

Model 3

Model 4

IFG (100-125)

T2DM ( ≥ 126)

RPD

1.453 (1.059-1.995)a

3.621 (2.316-5.663)b

OPD

1.199 (0.888-1.619)

1.744 (1.164-2.614)a

RPD

1.282 (0.939-1.749)

2.890 (1.810-4.616)b

OPD

0.725 (0.518-1.014)

0.821 (0.525-1.284)

RPD

1.074 (0.781-1.476)

2.316 (1.438-3.729)b

OPD

0.699 (0.498-0.982)

0.796 (0.501-1.267)

RPD

0.934 (0.638-1.369)

1.907 (1.110-3.277)a

OPD

0.722 (0.512-1.019)

0.782 (0.484-1.263)

a

P < 0.01.
P < 0.001. Model 1: Crude; Model 2: Adjusted for age, sex; Model 3: Adjusted for variables in Model 2 + body mass index, waist circumference, smoking
status; Model 4: Adjusted for variables in Model 3 + C-reactive protein, homeostasis model assessment-IR. Reference category: Individuals with normal.
RPD: Restrictive pulmonary disease; OPD: Obstructive pulmonary disease; IFG: Impaired fasting glucose; T2DM: Type 2 diabetes mellitus.
b

Table 4 Odds ratios for type 2 diabetes mellitus according to the pulmonary function by multivariate logistic regression analysis

Model 1

Model 2

Model 3

Model 4

Pulmonary disease

Odds ratio

95%CI

RPD

3.127b

2.056-4.756

OPD

1.631a

1.103-2.412

RPD

2.580

b

1.670-3.988

OPD

1.033

0.673-1.584
b

RPD

2.257

1.465-3.475

OPD

0.984

0.633-1.531

RPD

2.025a

1.264-3.244

OPD

0.982

0.634-1.519

a

P < 0.01.
P < 0.001. Model 1: Crude; Model 2: Adjusted for age, sex; Model 3: Adjusted for variables in model 2 + body mass index, waist circumference, smoking
status; Model 4: Adjusted for variables in model 3 + C-reactive protein, homeostasis model assessment -IR. Reference category: Individuals with normal.
RPD: Restrictive pulmonary disease; OPD: Obstructive pulmonary disease.
b

Despite several meaningful findings of this study, there are several limitations. First,
we could not use a specialized method to measure insulin resistance. However, it is
reported that there is a high correlation between HOMA-IR and whole-body glucose
absorption, measured using the euglycemic hyperinsulinemic clamp method. Second,
because KNHANES's individuals who participated in this survey have relatively mild
levels of comorbidities, a small number of severe-stage diabetics or pulmonary disease
patients may affect the outcome analysis. In addition, the proportion of IFG or T2DM
may have been somewhat high only for those aged 40 or older who conducted the
pulmonary function tests. However, the strength of this data is that there is a high
response rate, and it is thought that potential confounds will not have a significant
impact on the results because it has been obtained from the representative information
of a Korean population. Third, this study could not determine the temporal
relationship because it was a cross-sectional design. This made it impossible to
pinpoint the sequence of fundamental causes between pulmonary disease and T2DM.
Therefore, it would be worthwhile to identify the mechanism between the two through
future longitudinal studies.
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CONCLUSION
This study was conducted to determine the association between pulmonary disease
and T2DM. It was found that restrictive pulmonary function, not obstructive, is highly
relevant to T2DM regardless of the various risk factors of T2DM that can be
confounds.

ARTICLE HIGHLIGHTS
Research background
Previously, the association between type 2 diabetes mellitus (T2DM) and pulmonary
disease was confirmed. Some studies found that T2DM is related to obstructive
pulmonary disease (OPD), and others have shown that it is related to restrictive
pulmonary disease (RPD).

Research motivation
T2DM and RPD are highly connected with T2DM, but research on causality between
them is insufficient. Therefore, it is important to study this.

Research objectives
To find out the association between T2DM and pulmonary disease and to reveal its
causal relationship.

Research methods
Korea National Health and Nutrition Examination Survey (KNHANES) is a survey
research program conducted by the Korean Centers for Diseases Control and
Prevention to assess the health and nutritional status of adults and children in Korea
and to track changes over time. The survey combines interviews, physical
examinations, and laboratory tests. KNHANES interview includes demographic,
socioeconomic, dietary, and health-related questions. The examination component
consists of medical, dental, and physiological measurements as well as laboratory tests
administered by medical personnel, and all data are made anonymous and can be
officially downloaded from the website. The KNHANES data are the official national
disclosure data conducted annually. The data in this study are complex sampling
design, using logistic regression analysis that is most appropriate to view the
association between the variables recommended by the Korean Centers for Diseases
Control.

Research results
Compared to OPD, the ratio of T2DM and its risk factors in restrictive RPD was very
high. In addition, the analysis of pulmonary disease by fasting glucose level showed
no significant difference in impaired fasting glucose group, and in T2DM, the
probability of RPD occurring was 1.907 times higher than that of OPD. Also, the
results of this study have significant association between RPD and T2DM, whereas
impaired fasting glucose was weak or not present.

Research conclusions
RPD is highly relevant to T2DM regardless of risk factors. To summarize, this study
suggests that RPD is not a cause of T2DM but rather a consequence of T2DM.

Research perspectives
In the future, a longitudinal study should identify changes in pulmonary function of
impaired fasting glucose as it progresses.
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Abstract
BACKGROUND
The number of end-stage renal disease patients with diabetes mellitus (DM) who
are undergoing peritoneal dialysis is increasing. Peritoneal dialysis-associated
peritonitis (PDAP) is a serious complication of peritoneal dialysis leading to
technical failure and increased mortality in patients undergoing peritoneal
dialysis. The profile of clinical symptoms, distribution of pathogenic organisms,
and response of PDAP to medical management in the subset of end-stage renal
disease patients with DM have not been reported previously. Discrepant results
have been found in long-term prognostic outcomes of PDAP in patients with DM.
We inferred that DM is associated with bad outcomes in PDAP patients.

reviewed and approved by the
Second Hospital of Jilin University
Institutional Review Board (No.
2020026).

AIM
To compare the clinical features and outcomes of PDAP between patients with
DM and those without.

Informed consent statement:

METHODS
In this multicenter retrospective cohort study, we enrolled patients who had at
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least one episode of PDAP during the study period. The patients were followed
for a median of 31.1 mo. They were divided into a DM group and a non-DM
group. Clinical features, therapeutic outcomes, and long-term prognostic
outcomes were compared between the two groups. Risk factors associated with
therapeutic outcomes of PDAP were analyzed using multivariable logistic
regression. A Cox proportional hazards model was constructed to examine the
influence of DM on patient survival and incidence of technical failure.
RESULTS
Overall, 373 episodes occurred in the DM group (n = 214) and 692 episodes
occurred in the non-DM group (n = 395). The rates of abdominal pain and fever
were similar in the two groups (P > 0.05). The DM group had more infections with
coagulase-negative Staphylococcus and less infections with Escherichia coli (E. coli)
as compared to the non-DM group (P < 0.05). Multivariate logistic regression
analysis revealed no association between the presence of diabetes and rates of
complete cure, catheter removal, PDAP-related death, or relapse of PDAP (P >
0.05). Patients in the DM group were older and had a higher burden of
cardiovascular disease, with lower level of serum albumin, but a higher estimated
glomerular filtration rate (P < 0.05). Cox proportional hazards model confirmed
that the presence of diabetes was a significant predictor of all-cause mortality
(hazard ratio = 1.531, 95% confidence interval: 1.091-2.148, P < 0.05), but did not
predict the occurrence of technical failure (P > 0.05).
CONCLUSION
PDAP patients with diabetes have similar symptomology and are predisposed to
coagulase-negative Staphylococcus but not E. coli infection compared those
without. Diabetes is associated with higher all-cause mortality but not therapeutic
outcomes of PDAP.
Key Words: Diabetes mellitus; Mortality; Peritoneal dialysis; Peritoneal dialysis-associated
peritonitis; Technical failure
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: We for the first time confirmed that the symptoms of peritoneal dialysisassociated peritonitis in the diabetes mellitus group were the same as those in the nondiabetes mellitus group. This is the first multicenter retrospective cohort study to examine
the relationship between diabetes mellitus and long-term outcome in peritoneal dialysisassociated peritonitis patients. It is also the first study to analyze the profile of distribution
of pathogenic organisms and response of peritoneal dialysis-associated peritonitis to
medical management in the subset of end-stage renal disease patients with diabetes
mellitus. We found that diabetes mellitus was inclined to infection with coagulasenegative Staphylococcus but not Escherichia coli. Diabetes mellitus was associated with
higher all-cause mortality but not with adverse therapeutic outcome of peritoneal dialysisassociated peritonitis.
Citation: Meng LF, Yang LM, Zhu XY, Zhang XX, Li XY, Zhao J, Liu SC, Zhuang XH, Luo P,
Cui WP. Comparison of clinical features and outcomes in peritoneal dialysis-associated
peritonitis patients with and without diabetes: A multicenter retrospective cohort study. World J
Diabetes 2020; 11(10): 435-446
URL: https://www.wjgnet.com/1948-9358/full/v11/i10/435.htm
DOI: https://dx.doi.org/10.4239/wjd.v11.i10.435

INTRODUCTION
The prevalence of diabetes mellitus (DM) in the general population is increasing so
rapidly that diabetic nephropathy is now the leading cause of end-stage renal disease
(ESRD) worldwide[1,2]. ESRD patients with DM who are undergoing renal replacement
therapy in the form of dialysis pose certain group specific challenges to the overall
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well-being of these patients[3,4]. Adequate vascular access for hemodialysis is often a
concern in ESRD patients with diabetes, consequently many patients may have to opt
for peritoneal dialysis.
Peritoneal dialysis-associated peritonitis (PDAP) is a common and serious
complication that not only leads to technical failure[5,6], but is also associated with
increased mortality in patients undergoing peritoneal dialysis (PD)[7]. Moreover,
PDAP-related death constitutes a major chunk of all-cause mortality in patients
undergoing PD[8]. Some studies suggest that DM is a risk factor for PDAP[9,10], therefore,
PDAP in patients with both ESRD and DM should draw careful attention. We
hypothesized that there may be some differences in clinical features (symptoms and
pathogens) and prognosis of PDAP between DM and non-DM patients. However, only
few studies have analyzed the long-term prognostic outcomes of PDAP in patients
with DM, often with discrepant results. Some studies concluded that DM was not a
risk factor for death or technical failure[11,12] while others found DM to be a risk factor
for all-cause death[13], yet again some researchers like Tsai et al[14] found DM to be a
significant risk factor for a combined outcome of death and catheter removal. More
importantly, as far as we know, the profile of clinical symptoms, distribution of
pathogenic organisms, and response of PDAP to medical management in the subset of
ESRD patients with DM has not been reported previously.
To clarify the above issues, a large multicenter retrospective cohort study was
performed to compare the clinical features (symptoms and pathogens) and outcomes
(therapeutic outcomes and long-term prognostic outcomes) of PDAP in ESRD patients
with DM with those without.

MATERIALS AND METHODS
Participants
This multicenter study was performed in Northeast China; the participating centers
were The Second Hospital of Jilin University, The First Hospital of Jilin UniversityEastern Division, Jilin FAW General Hospital, and Jilin Central Hospital. All PD
patients who developed PDAP during the study period from January 1, 2013 to June
30, 2019 were recruited and followed until December 31, 2019. Patients with
incomplete records, patients younger than 18 years, and those with chronic liver
disease at initiation of PD were excluded from the study. Patients on immunosuppressant medications or steroids or with a history of intake of the same within
the last 3 mo were also excluded from the study. We adhered to all the ethical
requirements for retrospective observational studies at our center. Individual informed
consent was waived given that the study was retrospective and non-interventional by
design. We used a de-identified dataset. Diabetes was diagnosed according to
American Diabetes Association criteria 2014[15]. According to the status of diagnosis of
DM at initiation of PD, the patients were divided into a DM group and a non-DM
group. They were followed until any of the following events: Death, a change to HD,
renal transplantation, dropout, transfer to other centers, diagnosis with DM after
initiation of PD, or until 31 December 2019.

Main clinical management
Double-cuff Tenckhoff straight catheters and integrated Y-sets were used for PD
treatment. PD trainings were conducted by experienced and educated physicians and
nurses. The patients were asked to report back if they experienced cloudy effluent or
abdominal pain. PD effluent was sent for bacterial and fungal culture by inoculation
into blood culture media, and observed for at least 72 h to document pathogens. The
diagnosis of PDAP required any two of the following features: (1) Clinical features
consistent with peritonitis, i.e., abdominal pain and/or cloudy dialysis effluent; (2)
dialysis effluent white cell count > 100/μL or > 0.1 × 109/L (after a dwell time of at
least 2 h), with > 50% polymorphonuclear cells; and (3) positive dialysis effluent
culture[16]. All patients suspected of having PDAP were managed as per the
International Society for Peritoneal Dialysis recommendation, which includes
treatment with empiric intra-peritoneal antibiotics at presentation covering both
Gram-positive and Gram-negative organisms, after taking culture samples[16].
Subsequent choice of antibiotics was directed by the effluent culture and sensitivity
results.
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Data collection
Baseline data collected at the time of first episode of PDAP encompassed demographic
data [age, gender, presence of DM, and history of cardiovascular disease (CVD)],
timing of PDAP episodes, clinical and biochemical data, fever, abdominal pain, PD cell
count on admission, 24 h urine output, serum white cell count, hemoglobin, serum
albumin, blood urea nitrogen, serum creatinine, and estimated glomerular filtration
rate (eGFR). Biochemical measurements were performed by standard laboratory
techniques. The culture results of effluent samples were subcategorized into monomicrobial (Gram-positive, Gram-negative, fungal, and mycobacterial organisms),
polymicrobial, culture-negative, and no culture. Patients with ≥ 2 cultured pathogens
were considered to have polymicrobial peritonitis.

Definitions of study outcomes
Therapeutic outcomes of medical management of PDAP included complete cure,
catheter removal, PDAP-related death, and relapse. Complete cure was defined as
complete resolution of PDAP by antibiotics alone without relapse or recurrence within
4 wk of completion of therapy[17]. PDAP-related death was defined as patient’s death
with peritonitis occurring within 30 d[8]. Relapse was defined as an episode occurring
within 4 wk of completion of therapy with the same organism being isolated in
effluent culture as in the previous episode[16].
Long-term prognostic outcomes of PDAP included continued PD, technical failure,
and all-cause mortality. All-cause mortality was the primary endpoint in the patient
survival analysis. If a patient died within 4 wk after switching over to hemodialysis,
the death was attributed to PD because these early deaths are considered to reflect the
health status of the patient during PD therapy[18]. Technical failure was defined as a
switch to HD for at least 3 mo due to any reason[19].

Statistical analysis
Normally distributed parametric continuous variables are represented as the mean ±
standard deviation, and were compared by Student’s t-test. Continuous variables with
a non-normal distribution are represented as medians (Q1-Q3), and were compared
using Wilcoxon’s rank-sum test. Categorical variables are represented as frequencies
(percentages) and were compared using the chi-square (χ2) test. The risk factors
associated with therapeutic outcomes of PDAP were analyzed using multivariable
logistic regression. Kaplan-Meier survival curves were constructed to evaluate
cumulative hazard of all-cause mortality and technical failure between the two groups,
and differences in the survival distribution was assessed by log rank test. Cox
proportional hazard analysis was used to analyze the relationship between DM and
all-cause mortality. Data were analyzed using SPSS (version 22.0, IBM, New York,
United States). A P value < 0.05 was considered statistically significant. All the
artworks were created using GraphPad Prism (version 8.0).
The statistical methods of this study were reviewed by Su-Yan Tian from the First
Hospital of Jilin University.

RESULTS
Study population and baseline characteristics of 1065 PDAP episodes
A total of 1145 episodes of PDAP occurred in 660 patients from four PD centers in
Northeast China during the study period. Finally, 1065 episodes of peritonitis in 609
patients were included in this study (Figure 1). Patients in the DM group had
significantly lower levels of serum albumin and serum phosphorus, but a higher level
of eGFR (P < 0.05). There was no difference in the frequency or distribution of
symptoms such as fever and abdominal pain between DM group and non-DM group (
P > 0.05) (Table 1).

Causative organisms of 1065 PDAP episodes
Among the 1065 PDAP episodes, 373 (35%) episodes occurred in the DM group. The
differential distribution of causative organisms of PDAP between the two groups is
shown in Table 2. The incidence of infection by Gram-positive bacteria, especially
coagulase-negative Staphylococcus (CNS), was significantly higher in patients in the
DM group (P < 0.05) while the incidence of E. coli and Pseudomonas aeruginosa infection
was significantly higher in the non-DM group (P < 0.05). No significant difference was
found in other organisms between the two groups (P > 0.05).
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Table 1 Clinical manifestations and laboratory parameters of 1065 peritoneal dialysis-associated peritonitis events
Index

DM (n = 373)

Non-DM (n = 692)

P

Fever

115 (30.8)

253 (36.6)

0.061

Abdominal pain

300 (80.4)

552 (79.8)

0.797

PD cell count on admission(/μL)

1920 (620, 5350)

1847 (613, 4974)

0.791

WBC (1012/L)

8.27 (6.57, 10.98)

8.29 (6.09, 11.43)

0.903

Hb (g/L)

97 (84, 109)

99 (85, 113)

0.128

Alb (g/dL)

28.24 ± 6.24

29.42 ± 6.29

0.003

BUN (mmol/L)

14.85 (10.79, 20.16)

15.68 (12.01, 19.92)

0.090

Scr (μmol/L)

672.66 (511.00, 854.50)

735.60 (511.00, 954.35)

0

eGFR

6.29 (4.68, 8.38)

5.70 (4.35, 7.28)

0

Clinical manifestation

Laboratory test

DM: Diabetes mellitus; PD: Peritoneal dialysis; WBC: White cell count; Hb: Hemoglobin; Alb: Albumin; BUN: Blood urea nitrogen; Scr: Serum creatinine;
eGFR: Estimated glomerular filtration rate.

Table 2 Causative organisms of 1065 peritoneal dialysis-associated peritonitis
Organism (n, %)

DM (n = 373)

Non-DM (n = 692)

P

Gram-positive

172 (46.1)

259 (37.4)

0.006

Coagulase-negative staphylococcus

103 (27.6)

130 (18.8)

0.001

Staphylococcus aureus

22 (5.9)

26 (3.8)

0.108

Streptococcus species

30 (8.0)

59 (8.5)

0.786

Enterococcus species

8 (2.1)

11 (1.6)

0.514

Other gram-positive

9 (2.4)

33 (4.8)

0.060

Gram-negative

74 (19.8)

170 (24.6)

0.080

Escherichia coli

26 (6.7)

73 (10.5)

0.038

Klebsiella species

6 (1.6)

20 (2.9)

0.196

Acinetobacter baumannii

7 (1.9)

17 (2.5)

0.543

Pseudomonas aeruginosa

5 (1.3)

27 (3.9)

0.020

Other gram-negative

31 (8.3)

32 (4.6)

0.015

Fungi

13 (3.5)

30 (4.3)

0.501

Mycobacterium tuberculosis

2 (0.5)

8 (1.2)

0.508

Polymicrobial

24 (6.4)

55 (7.9)

0.369

Culture-negative

84 (22.5)

163 (23.6)

0.703

No culture

4 (1.1)

7 (1.0)

1.000

DM: Diabetes mellitus.

Therapeutic outcomes of 1065 PDAP episodes
There was also no significant difference in the outcomes including rates of complete
cure, catheter removal, PDAP-related death, and relapse of PDAP between the two
groups (P > 0.05) (Figure 2A). By using a multivariable logistic regression model, we
did not find diabetes to be a significant risk factor for adverse therapeutic outcomes of
PDAP (P > 0.05) (Figure 2B).
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Figure 1 Flowchart of cohort establishment. PDAP: Peritoneal dialysis-associated peritonitis; DM: Diabetes mellitus.

Baseline characteristics of 609 patients with PDAP
The patients were followed for a median of 31.1 mo (interquartile range, 16.5-49.6 mo).
Baseline demographic characteristics and laboratory test parameters of patients with
and without DM were compared and are presented in Table 3. Compared with
patients without DM, the patients with DM were older and had a higher burden of
CVD (P < 0.05). Patients in the DM groups had a lower level of serum albumin, but a
higher level of eGFR (P < 0.05).

Long-term prognostic outcomes of 609 patients with PDAP
One hundred and fifty (24.6%) patients died during the study period, of whom 71
belonged to the DM group and 79 to the non-DM group. The reasons for death
included PDAP, cardiovascular death, cerebrovascular death, and others. Compared
to the non-DM group, the all-cause mortality rate in the DM group was significantly
higher, and correspondingly the rate of continuing on dialysis was significantly lower
(P < 0.05). One hundred and thirty-four (22.0%) patients experienced technical failure,
of whom 42 were in the DM group and 92 in the non-DM group. There was no
significant difference in the rates of technical failure between the two groups (P > 0.05)
(Figure 3A).
Kaplan-Meier survival curves showed that the DM group had a higher all-cause
mortality rate compared to the non-DM group (P < 0.05) (Figure 3B). There was no
significant association between the occurrence of diabetes and incident rates of
technical failure (P > 0.05) (Figure 3C).
Cox regression analysis was used to analyze the relationship between DM and allcause mortality. It was found that DM was a significant independent risk factor for allcause mortality (hazard ratio = 1.531, 95% confidence interval: 1.091-2.148, P < 0.05)
(Figure 3D).

DISCUSSION
The present study aimed to explore differences in the clinical features and outcomes in
PDAP patients with and without diabetes as we hypothesized. We found that the
symptoms of PDAP between the DM group and non-DM group were similar; the DM
group had more infections with CNS and less infections with E. coli as compared to the
non-DM group; the therapeutic outcomes of PDAP including complete cure, catheter
removal, PDAP-related death, and relapse were comparable between the two groups;
DM was an independent risk factor of all-cause mortality but not technique failure in
PDAP patients.
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Table 3 Demographic characteristics and clinical data of 609 peritoneal dialysis-associated peritonitis patients
Variable

DM (n = 214)

Non-DM (n = 395)

P

Age (yr)

61 (54, 68)

55 (42, 68)

0

Gender (male, n, %)

117 (54.7)

185 (48.6)

0.065

Demographic characteristics

No. of PDAP episodes, n (%)

0.596

1

127 (59.3)

230 (58.2)

2

51 (23.8)

86 (21.8)

≥3

36 (16.8)

79 (20.0)

CVD

77 (36.0)

104 (26.3)

0.013

WBC (1012/L)

8.41 (6.90,10.62)

8.26 (5.99,11.29)

0.411

Hb (g/L)

96 (80, 108)

98 (83, 111)

0.089

Alb (g/dL)

28.34 ± 6.74

29.60 ± 5.88

0.017

BUN (mmol/L)

14.9 (10.2, 20.5)

16.0 (12.5, 20.2)

0.062

Scr (μmol/L)

654.7 (480.0, 858.0)

745.3 (575.2, 972.2)

0.001

eGFR

6.46 (4.61, 8.55)

5.51 (4.23, 7.17)

0

PD cell count on admission(/μL)

1799.5 (571.0, 5040.0)

2040 (739.0, 5219.5)

0.330

Laboratory test

DM: Diabetes mellitus; PDAP: Peritoneal dialysis-associated peritonitis; CVD: Cardiovascular disease; WBC: White cell count; Hb: Hemoglobin; Alb:
Albumin; BUN: Blood urea nitrogen; Scr: Serum creatinine; eGFR: Estimated glomerular filtration rate; PD: Peritoneal dialysis.

We found no difference in the symptomatology of PDAP between the two groups.
Theoretically, the symptoms of PDAP in diabetic patients may be atypical due to the
presence of concomitant peripheral and autonomic neuropathy[14]. However, we
confirmed that the symptoms of PDAP in the DM group were the same as those in the
non-DM group for the first time.
To the best of our knowledge, no prior study has compared differences in microbial
isolates on culture of effluent fluid between PDAP patients with and without diabetes.
Our study characterized the microbiological etiology of PDAP in patients with DM
over a period of 7 years. We found important differences in the distribution of
organisms responsible for PDAP between the two groups, with a higher propensity for
infection with Gram-positive bacteria, especially CNS in the DM group. One plausible
reason for greater number of peritonitis episodes caused by CNS in diabetic
population is due to higher risk of touch contamination and incorrect operation of
peritoneal fluid exchange consequent to impaired vision due to diabetic retinopathy.
The identification of an increased CNS peritonitis rate in this population suggests that
more extensive training and more frequent review of operations might be beneficial. In
addition, Staphylococcus epidermidis is the most common CNS, which can cause
disease under certain circumstances. A study showed that the Staphylococcus
epidermidis causing PDAP had low immunogenicity, which makes it more easily
establish an infection since it cannot be immediately recognized by the immune
system[20]. Meanwhile, DM is related to impaired immunity[21]. We consequently infer
that CNS is inclined to colonize in PD patients with DM. Moreover, DM patients are
more susceptible to infection especially in poorly controlled diabetics[22]. The
impairment of neutrophil oxidative burst in individuals with poorly controlled
diabetics may explain this phenomenon. A negative correlation was observed between
neutrophil oxidative burst and hemoglobin A1c levels in the study by Osar et al[23]. And
reduced neutrophil respiratory burst activity in diabetic patients could be restored to
almost normal by blood glucose control[24]. However, our findings contrast with a
previously published study, which showed that the development of CNS PDAP was
not associated with DM[25]. A possible explanation for this discrepancy may be varying
microbiological flora over geographical area and time.
E. coli is one of the most frequent causes of PDAP caused by Gram-negative
bacteria. In our study, E. coli peritonitis was less common in patients with diabetes

WJD

https://www.wjgnet.com

441

October 15, 2020

Volume 11

Issue 10

Meng LF et al. Clinical features in PDAP patients with diabetes

Figure 2 Association between diabetes mellitus and therapeutic outcomes of peritoneal dialysis-associated peritonitis. A: Therapeutic
outcomes of peritoneal dialysis-associated peritonitis (PDAP), including complete cure, catheter removal, PDAP-related death, and relapse of PDAP, between the two
groups; B: Multivariable logistic regression analysis of relationship between diabetes mellitus and therapeutic outcomes of PDAP. Covariates with P < 0.05 in the
univariate model and conventional confounders related to therapeutic outcomes (history of diabetes mellitus, age, gender, number of peritonitis episodes, history of
cardiovascular diseases, basic hemoglobin, albumin, and estimated glomerular filtration rate) were included in the multivariate regression model. NS: Not significant;
PDAP: Peritoneal dialysis-associated peritonitis; DM: Diabetes mellitus; OR: Odds ratio.

with no apparent explanation. Both E. coli virulence characteristics and host factors
contribute to the development of PDAP. Previous studies showed that the PDAP E. coli
isolates exhibited a superior virulence capability[26,27]. However, E. coli obtained from
patients with PDAP did not show a common virulence profile and exhibited diverse
serotypes[28]. Difference in virulence patterns of E. coli may explain a differential
distribution frequency of infection between the DM group and non-DM group.
A noteworthy finding of our study is that the therapeutic outcomes of peritonitis
between the DM group and non-DM group are comparable. More importantly, our
results were further confirmed by using a multivariable logistic regression model. Our
observation had both similarities and differences with previous data from ANZDATA
registry study, which included 11122 episodes of peritonitis in 5367 patients in
Australia during the period of 2004-2014[29]. Our study demonstrated that the complete
cure rates were comparable between DM group and non-DM group, which was
similar to the study by Htay et al[29]. DM was not associated with PDAP-related death
in our study. In contrast, Htay et al[29] showed that DM correlated with PDAP-related
death. Regional differences may account for this discrepancy.
The effect of DM on long-term prognostic outcomes of PDAP is controversial. A
previous study found that DM is a risk factor for all-cause death[13]. Additionally, the
study by Tsai et al[14] in a single Taiwan center also found a positive relation between
DM and PDAP treatment failure, which was defined as death or catheter removal.
However, in another study involving 483 patients (69 DM patients) diagnosed with
PDAP, patients with DM had similar patient survival with those without DM[11]. In our
study, we found a significantly higher all-cause mortality rate in the DM group than in
the non-DM group. Higher burden of CVD could explain greater all-cause mortality in
patients with diabetes. Patients with diabetes also had a lower level of serum albumin,
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Figure 3 Association between diabetes mellitus and long-term prognostic outcomes of peritoneal dialysis-associated peritonitis. A: Longterm prognostic outcomes of PDAP, including all-cause death, technique failure, and on dialysis between the two groups; B and C: Kaplan-Meier analysis of
cumulative patient survival and technique survival according to diabetes mellitus (DM); D: Cox regression analysis of relationship between DM and long-term
prognostic outcomes. Covariates with P < 0.05 in the univariate model and conventional confounders related to long-term prognostic outcomes (history of DM, age,
gender, times of peritonitis episodes, history of cardiovascular diseases, basic hemoglobin, albumin, and estimated glomerular filtration rate) were included in the
multivariate regression model. aP < 0.05, compared between DM group and non-DM group. DM: Diabetes mellitus; HR: Hazard ratio.

which again has been associated with higher mortality in some studies[30,31]. Blood
albumin is a marker of both ongoing inflammatory response and malnutrition, which
is contained in the malnutrition inflammation score. High malnutrition inflammation
score indicates malnourished status in patients undergoing PD[32], which further leads
to bad clinical outcomes[33]. Clinicians need to pay more attention to the serum albumin
status of patients with diabetes to improve the prognosis of PDAP. The discrepancy
between our study and previous studies may be explained by distinct patient
characteristics and different covariates included in the Cox proportional hazards
model. Similar to the previous study, we also did not find diabetes to be a risk factor
for technical failure, further affirming that diabetes should not be considered a hurdle
for instituting peritoneal dialysis[11-13].
However, the present study has some limitations. Since it is a retrospective cohort
study, potential bias and other confounding factors cannot be entirely excluded.
Moreover, we did not consider the effect of indicators such as glycosylated
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hemoglobin and fasting blood-glucose on the outcomes of the study.

CONCLUSION
In conclusion, PDAP patients with DM have similar symptomology and are
predisposed to CNS but not E. coli infection compared those without. DM is not
associated with adverse therapeutic outcomes of PDAP. DM is associated with higher
all-cause mortality but not technical failure in patients with PDAP.

ARTICLE HIGHLIGHTS
Research background
The number of end-stage renal disease patients with diabetes mellitus (DM) who are
undergoing peritoneal dialysis is increasing. Peritoneal dialysis-associated peritonitis
(PDAP) is a serious complication of peritoneal dialysis leading to technical failure and
increasing mortality in patients undergoing peritoneal dialysis. The profile of clinical
symptoms, distribution of pathogenic organisms, and response of PDAP to medical
management in the subset of end-stage renal disease patients with DM has not been
reported previously. Discrepant results have been found in long-term prognostic
outcomes of PDAP in patients with DM. It is important to clarify the clinical features
and outcomes of PDAP patients with DM.

Research motivation
PDAP in DM patients is very common in the clinical practice, and treatment of PDAP
in DM population is difficult and often with poor prognosis. Our research aimed to
study the clinical manifestations, distribution of pathogenic organisms, and outcomes
of PDAP in DM patients to provide a basis for future research of reasonable treatment
and improvement of prognosis in this population.

Research objectives
This study aimed to compare the clinical features and outcomes of PDAP between
patients with DM and those without. We found that the distribution of pathogenic
organisms of PDAP was different between the DM group and non-DM group, and DM
was a significant predictor of all-cause mortality but not technical failure.

Research methods
This is a multicenter retrospective cohort study. We enrolled patients who had at least
one episode of PDAP during the study period. The patients were divided into a DM
group and a non-DM group. Clinical features, therapeutic outcomes, and long-term
prognostic outcomes were compared between the two groups. Risk factors associated
with therapeutic outcomes of PDAP were analyzed using multivariable logistic
regression. A Cox proportional hazards model was constructed to examine the
influence of DM on patient survival.

Research results
We confirmed that the symptoms of PDAP in the DM group were the same as those of
the non-DM group (P > 0.05). The DM group had more infections with coagulasenegative Staphylococcus and less infections with Escherichia coli (E. coli) as compared to
the non-DM group. DM was not associated with therapeutic outcomes (complete cure,
catheter removal, PDAP-related death, or relapse) of PDAP (P > 0.05). The presence of
DM was a significant predictor of all-cause mortality (hazard ratio = 1.531, 95%
confidence interval: 1.091-2.148, P < 0.05), but did not predict occurrence of technical
failure (P > 0.05). However, we did not consider the effect of indicators such as
glycosylated hemoglobin and fasting blood-glucose on the outcomes of the study.

Research conclusions
The symptoms of PDAP are similar in the DM group and non-DM group. Patients
with diabetes are predisposed to coagulase-negative Staphylococcus but not E. coli
infection. DM is associated with higher all-cause mortality but not therapeutic
outcomes of PDAP.
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Research perspectives
Future research should focus on the effects of blood glucose control on PDAP
outcomes, the mechanism of bacterial colonization, and ways to improve prognosis of
PDAP in DM patients.
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Abstract
BACKGROUND
Bariatric surgery is one of most effective long-term treatments for morbid obesity.
However, post-bariatric surgery anemia is identified as a common adverse effect
and remains a challenge nowadays.
AIM
To estimate the risk of post-bariatric surgery anemia and to stratify the association
between age, gender, and types of surgery.
METHODS
This study is a population-based cohort study. We conducted this nationwide
study using claims data from National Health Insurance Research Database in
Taiwan. There were 4373 morbidly obese patients in this study cohort.
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RESULTS
Among patients who were diagnosed with morbid obesity, 2864 received bariatric
surgery. All obesity-associated comorbidities decreased in the surgical group.
Increasing risk of post-bariatric surgery anemia among obese patients was found
by Cox proportional hazards regression [adjusted hazard ratio (HR): 2.36]. Also,
we found significantly increasing cumulative incidence rate of anemia among
patients receiving bariatric surgery by log-rank test. After adjusting for age and
gender, the increasing incidence of post-bariatric surgery anemia was found
among women (adjusted HR: 2.48), patients in the 20–29-year-old group (adjusted
HR: 3.83), and patients in the 30-64-year-old group (adjusted HR: 2.37). Moreover,
malabsorptive and restrictive procedures had significantly higher adjusted HRs,
3.18 and 1.55, respectively.
CONCLUSION
Bariatric surgery give rise to anemia risk among obese patients, specifically in
women, young- and middle-aged patients, and patients undergoing
malabsorptive procedures in our population-based cohort study in Taiwan.
Key Words: Anemia; Bariatric surgery; Malabsorptive procedure; Obesity; Restrictive
procedure; Women
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Core Tip: Based on a population-based cohort study in Taiwan, this study demonstrated
that obese patients receiving bariatric surgery had significantly higher risk of anemia than
patients who did not receive bariatric surgery. After adjusting for gender and age, women,
young-aged (20-29 years) and middle-aged (30-64 years), had significantly higher
incidence of post-bariatric surgery anemia. Both malabsorptive procedures and restrictive
procedures increased the incidence of anemia. However, malabsorptive procedures had a
higher hazard ratio of post-bariatric surgery anemia than restrictive procedures.
Citation: Wang TY, Huang HH, Hsieh MS, Chen CY. Risk of anemia in morbidly obese
patients after bariatric surgery in Taiwan. World J Diabetes 2020; 11(10): 447-458
URL: https://www.wjgnet.com/1948-9358/full/v11/i10/447.htm
DOI: https://dx.doi.org/10.4239/wjd.v11.i10.447

INTRODUCTION
The incidence of obesity has increased rapidly and has tripled over the past decades[1],
significantly threatening public health. Bariatric surgery has been shown to be the
most effective long-term treatment for morbidly obese patients[1-4] considering that this
surgery results in significant and sustainable weight loss and improves comorbidities,
long-term mortality, and patients’ quality of life[1-8]. Although bariatric surgery is
considered safe and has beneficial effects, the development of anemia after bariatric
surgery remains a concern. Anemia due to micronutrient deficiencies is identified as a
common adverse effect, specifically among patients without regular nutrient
supplementation postoperatively.
Post-bariatric surgery anemia can influence as many as two-thirds of patients
undergoing bariatric surgery[9]. During these years, several efforts were made to
decrease the incidence rate of post-bariatric surgery anemia. First, considering the
metabolic sequelae of bariatric surgery, lifelong micronutrient supplementation was
considered mandatory[10]. Moreover, the quality and sustainability of medical followup consultation became important issues[4]. Some studies revealed that the incidence of
anemia is lower in sleeve gastrectomy than that in Roux-en-Y gastric bypass[11-13].
Furthermore, a cohort study in France suggested that the increasing popularity of
sleeve gastrectomy is another reason why the incidence of anemia has reduced[4,11].
However, recently, the prevalence of post-bariatric surgery anemia is still considered
nonnegligible. In France, 5% of patients were diagnosed with anemia after bariatric
surgery between 2008 and 2016[11]. Additionally, if a patient did not receive an
outpatient follow-up, the prevalence of anemia could even be 57% 10 years after Roux-
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en-Y gastric bypass[14].
Postoperative anemia may develop as a result of several factors. First, absorption of
folate and iron mainly happens in the proximal jejunum and duodenum.
Malabsorptive procedures, like intestinal bypass, may cause deficiencies of folate, iron,
and vitamin B12 and lead to anemia[11,15]. Restrictive procedures, like sleeve
gastrectomy, may also reduce the intrinsic factor, gastric acid, and food gastric passing
time and subsequently reduce the bioavailability and digestion of nutrients[16].
Furthermore, the net effects observed as a result of the adaptation of bariatric surgery
may synergistically affect the hemoglobin level. These complicated factors include
reduction of inflammation, adaptation of micronutrient absorption, limited meat
intake, attenuated energy intake, and menstruation[12,13,17,18].
A large cohort study from France revealed the long-term anemia incidence among
patients who receiving a bariatric procedure[11]. Studies assessing the long-term
incidence of post-bariatric surgery anemia have not been conducted yet. This study
used the nationwide data [Taiwanese National Health Insurance Research Database
(NHIRD)] with large sample size. This study aimed to estimate and compare the longterm incidence of anemia between morbidly obese patients who underwent bariatric
surgery vs patients who did not undergo bariatric surgery and to stratify the
association between gender, age, and types of bariatric surgery in morbidly obese
patients who received bariatric surgery or not.

MATERIALS AND METHODS
Data sources
This study is a population-based cohort study in which data were obtained from the
NHIRD. The National Health Insurance (NHI) provided coverage for approximately
99.2% of the Taiwan population (more than 23.03 million residents). The NHI is
managed by the National Health Insurance Administration (NHIA) since 1995.
The National Health Research Institute (NHRI) obtained the identificationencrypted data from NHIA and established the NHIRD. The Longitudinal Health
Insurance Database 2000 (LHID2000), which was used in this study, comprised 1
million randomly sampled medical information from the registry of all beneficiaries in
2000. There was no significant difference in age- and gender-distributions between the
data in the LHID2000 and the original NHIRD. The diagnosis code of International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes
were used.
These data of NHIRD were all de-identified by obfuscating the information about
patients and medical facilities to ensure privacy. Moreover, data confidentiality is
maintained in accordance with the data regulations of NHIA and NHRI. Because the
NHIRD comprises de-identified secondary data for research, informed consent from
subjects was waived because anonymous data were used. Furthermore, the
Institutional Review Board of China Medical University (CMUH104-REC2-115)
approved this study.

Study population and outcomes
Patients who were diagnosed with morbid obesity (ICD-9-CM, 278.01) with age ≥ 20
years and < 100 years and received bariatric surgery (ICD-9-CM, 44.99, 44.95, 44.68,
44.39, 44.38, 44.31, 43.89, and 43.82) between study period January 1, 2000 to December
31, 2010 were recruited. Furthermore, we excluded morbidly obese patients who
receiving surgery before obesity diagnosed data, patients who received surgery out of
period between 2000 to 2010, patients with diagnosed date of anemia before the index
date, those aged < 20 years or ≥ 100 years, and those with missing information of
gender or age. Patients who were diagnosed with anemia (ICD-9-CM, 280 and 281.0)
and patients who were not diagnosed were analyzed. Morbidly obese patients were
identified by the ICD-9-CM codes, with at least one diagnosis in admission during the
whole study period. The data from the Registry for Catastrophic Illness Patient
Database, a subset of the NHIRD, confirmed the diagnostic accuracy of morbid
obesity[19,20].

Potential confounders
By referring to the ICD-9-CM codes, the potential confounding factors for morbid
obesity were systematically identified among the data from NHIRD. Age, gender,
comorbidities, insurance premium, occupation, medications, and level of urbanization
were identified as confounding factors. Hyperlipidemia (ICD-9-CM, 272), diabetes
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mellitus (ICD-9-CM, 250, 366.41, 357.2, 362.01-362.02, and 357.2), hypertension (ICD-9CM, 401–405), coronary artery disease (ICD-9-CM, 411–414), congestive heart failure
(ICD-9-CM, 428), stroke (ICD-9-CM, 430–438), asthma (ICD-9-CM, 493), chronic
obstructive pulmonary disease (ICD-9-CM, 490–492, 494, and 496), peripheral arterial
occlusive disease (ICD-9-CM, 440–444), and chronic kidney disease (ICD-9-CM, 285.21,
250.4, 403-404, and 581–588) were found to be the comorbidities associated with major
adverse cardiovascular events. We applied multivariate logistic regression with
baseline covariates to calculate propensity scores. The baseline characteristics of study
(with bariatric surgery) cohort and comparison (without bariatric surgery) cohort were
compared. Furthermore, both cohorts were matched by standardized mean
differences, calculated as the difference in proportions or means of a variable divided
by a pooled estimate of the standard deviation of the variable.

Statistical analyses
Demographic characteristics differences and comorbidities differences between the
study cohort (receiving bariatric surgery) and comparison (without surgery) cohort
were analyzed. We conducted the chi-squared test for noncontinuous variables and
the two-sample t-test for continuous variables. Cox proportional hazards regression
was performed to calculat the hazard ratios (HRs) with 95% confidence intervals (CIs)
for each variable. Differences in the incidence of major adverse cardiovascular events
between the study cohort and comparison cohort were estimated using the KaplanMeier curves by performing the log-rank test. Statistical Analysis System (SAS) version
9.4 statistical package (SAS Institute Inc., Cary, NC, United States) was used for
statistical analyses. The level of significance was set at 0.05.

RESULTS
A total of 4922 adult patients were hospitalized for morbid obesity during the study
period between 2000 to 2010. Of these, 3086 patient received bariatric surgery, and
1666 patients did not receive bariatric surgery. To reduce the influence of pre-surgery
anemia, our study group was recruited and analyzed after the exclusion of those who
were diagnosed anemia before the index date. Finally, 2864 patients who were
diagnosed with morbid obesity and received bariatric surgery in the study cohort and
1509 patients who were diagnosed morbid obesity and did not receive bariatric
surgery in the comparison cohort were recruited. (Figure 1). There were significantly
more female patients in the study cohort than that in the comparison cohort (64.8% vs
54.2%, respectively, P < 0.0001) (Table 1). The mean age of the study cohort was
significant younger than that of the comparison cohort (33.1 ± 9.1 vs 44.3 ± 15.3,
respectively, P < 0.0001). Compared to the comparison cohort, some demographic
characteristics, like hypertension, hyperlipidemia, coronary artery disease, congestive
heart failure, stroke, peripheral arterial occlusive disease, chronic kidney disease,
chronic obstructive pulmonary disease, diabetes mellitus, gastrointestinal ulcer, and
gastrointestinal hemorrhage were significantly lower (P < 0.0001) in the study cohort.
The means (median) of the follow-up period were 5.68 (5.31) years for the study cohort
and 4.21 (3.84) years for the comparison cohort.
In Table 2, asthma, female sex, and gastrointestinal ulcer increased the risk of
anemia significantly according to the univariate analyses. Receiving bariatric surgery
increased the rate of anemia significantly (HR = 1.71; 95%CI: 1.2-2.44; P = 0.003).
Receiving bariatric surgery also caused a significantly increased rate of anemia after
adjusting for the potential confounding factors of gender, age, and all comorbidities in
multivariate analyses (adjusted HR = 2.36; 95%CI: 1.52-3.65; P = 0.0001).
The Kaplan-Meier curves of the both cohorts suggested significantly increasing
cumulative incidence of anemia in the study cohort (with bariatric surgery) (P =
0.0002) (Figure 2).
In Table 3, the HR of post-bariatric surgery anemia and the incidence rate of anemia
were stratified by age and gender. Female, age of 20-29 and 30-64 years had
significantly higher adjusted HRs (3.83 and 2.87, respectively).
In Table 4, HR of post-bariatric surgery anemia and the incidence rate were
stratified by malabsorptive and restrictive procedures. Malabsorptive and restrictive
procedures had significantly higher adjusted HRs (3.18 and 1.55, respectively).
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Table 1 Demographic characteristics of patients diagnosed morbid obesity receiving and not-receiving bariatric surgery
Receiving bariatric surgery
No [n = 1509 (34.51%)]

Variable

Yes [n = 2864 (65.49%)]

P value1

n

%

n

%

Malabsorptive procedures

-

-

1773

61.91

-

Restrictive procedures

-

-

2465

86.07

-

Sex

< 0.0001

Female

818

54.21

1855

64.77

Male

691

45.79

1009

35.23

Age at baseline, yr

< 0.0001

20-29

302

20.01

1305

45.57

30-64

1034

68.52

1558

54.4

65-100

173

11.46

1

0.03

mean ± SD

44.30 ± 15.25

< 0.00012

33.09 ± 9.07

Comorbidities
Hypertension

751

49.77

254

8.87

< 0.0001

Hyperlipidemia

314

20.81

110

3.84

< 0.0001

Diabetes mellitus

525

34.79

174

6.08

< 0.0001

Coronary artery disease

261

17.3

69

2.41

< 0.0001

Congestive heart failure

243

16.1

39

1.36

< 0.0001

Stroke

123

8.15

37

1.29

< 0.0001

Chronic kidney disease

124

8.22

22

0.77

< 0.0001

Asthma

186

12.33

75

2.62

< 0.0001

Chronic obstructive pulmonary disease

145

9.61

34

1.19

< 0.0001

Peripheral arterial occlusive disease

29

1.92

3

0.1

< 0.0001a

Gastrointestinal ulcer

185

12.26

73

2.55

< 0.0001

Gastrointestinal bleeding

44

2.92

12

0.42

< 0.0001

1

Chi-square test.
t test.
a
Fisher’s exact test. The means (median) of follow-up period were 5.68 (5.31) years and 4.21 (3.84) years for the study bariatric surgery cohort and
comparison cohorts, respectively. SD: Standard deviation.
2

DISCUSSION
Our study demonstrated that patients who were diagnosed with morbid obesity and
received bariatric surgery had significantly higher risk of anemia than patients who
did not receive bariatric surgery. After stratification by gender and age, female sex,
young-aged (20-29 years) and middle-aged (30-64 years) patients had significantly
higher HRs than male sex and older-aged patients. Malabsorptive procedures had a
higher HR of post-bariatric surgery anemia than restrictive procedures.
Currently, bariatric surgery is considered a promising treatment strategy because of
its long-term benefits for morbidly obese patients. These benefits include the
following: Sustainable body weight loss; improvement in comorbidities; reduction in
medicine use; and improvement in patients’ quality of life[1-8]. However, post-bariatric
surgery anemia, which mainly results from micronutrient deficiencies, is recognized as
the most common adverse effect[3-5]. The metabolic sequela, such as anemia, was
identified before the 1990s[21,22]. Moreover, recently, post-bariatric surgery anemia
remains a challenge. The large cohort study from France revealed that 5% were
diagnosed with anemia after bariatric surgery. Furthermore, the overall risk rate of
diagnosing anemia postoperatively was 7.8%[11]. In our study, we demonstrate that
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Table 2 Cox model with hazard ratio and 95% confidence intervals of anemia associated with receiving bariatric surgery among
morbidly obese patients
Anemia

Crude1

No. (n = 221)

HR

(95%CI)

No

38

1.00

reference

Yes

183

1.71

(1.2-2.44)

Female

186

1.00

reference

Male

35

0.32

(0.22-0.46)

20-29 years

88

1.00

reference

30-64 years

126

1.08

(0.82-1.41)

65-100 years

7

1.33

Hypertension

41

Hyperlipidemia

Variable

Adjusted2
HR

(95%CI)

1.00

reference

2.36

(1.52-3.65)

1.00

reference

0.33

(0.23-0.48)

1.00

reference

0.6028

1.06

(0.79-1.41)

0.6956

(0.61-2.88)

0.4724

1.33

(0.54-3.3)

0.5391

1.07

(0.76-1.51)

0.6837

1.43

(0.9-2.27)

0.1349

18

1.06

(0.65-1.71)

0.8249

1.14

(0.64-2.01)

0.6595

Diabetes mellitus

26

0.95

(0.63-1.44)

0.812

0.96

(0.59-1.57)

0.8826

Coronary artery disease

15

1.23

(0.73-2.08)

0.441

1.17

(0.61-2.25)

0.6403

Congestive heart failure

10

1.02

(0.54-1.93)

0.9436

0.91

(0.42-1.94)

0.8027

Stroke

4

0.63

(0.23-1.7)

0.3611

0.52

(0.18-1.5)

0.2286

Chronic kidney disease

7

1.32

(0.62-2.8)

0.4752

1.47

(0.66-3.28)

0.3504

Asthma

17

1.74

(1.06-2.85)

0.0293

1.85

(1.05-3.25)

0.034

Chronic obstructive pulmonary
disease

6

0.93

(0.41-2.08)

0.8514

0.56

(0.22-1.43)

0.2267

Peripheral arterial occlusive disease

1

0.99

(0.14-7.05)

0.9905

1.47

(0.2-10.88)

0.705

Gastrointestinal ulcer

20

2.17

(1.37-3.44)

0.001

2.25

(1.34-3.77)

0.0021

Gastrointestinal bleeding

5

2.64

(1.09-6.42)

0.0321

1.83

(0.7-4.78)

0.2204

P value

P value

Receiving bariatric surgery

0.003

0.0001

Gender

< 0.0001

< 0.0001

Age

Comorbidities (ref = non-)

1

Crude HR: Represented relative hazard ratio.
Adjusted HR: Represented adjusted hazard ratio: Mutually adjusted for sex, age, receiving bariatric surgery, and baseline comorbidities (as like tables) in
Cox proportional hazard regression.
2

obese patients who received bariatric surgery significantly had 2.36-fold higher risk of
anemia than obese patients who did not receive bariatric surgery.
Post-bariatric surgery anemia is considered mainly due to micronutrient deficiency.
Deficiencies of vitamin B12, iron, and vitamin D were commonly observed
postoperatively[17,23]. Additionally, oral supplementation of these nutrients was
described in the updated guidelines[10]. Other beneficial postoperative physiological
changes regarding anemia were already determined. Weight loss after bariatric
surgery reduces inflammation, consequently reducing anemia. Chronic inflammation
has been recognized as a characteristic feature of morbid obesity[24,25]. Decreasing
inflammatory markers such as ferritin, C-reactive protein, haptoglobin, and white
blood cell count were noted after bariatric surgery[18,26,27]. However, the positive effects
of post-bariatric surgery anemia are less observed than the negative effects in the longterm.
This study also proposed that females had a greater risk of post-bariatric surgery
anemia than males among obese patients. Women are nearly 3-fold more likely to have
a diagnosis of anemia postoperatively compared with men. The results are similar to
the result of a study conducted in France[11]. von Drygalski et al[18] revealed that Rouxen-Y bypass surgery increased the percentage of anemia from 12% to 23%. During the
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Table 3 Incidence rate and hazard ratio with 95% confidence intervals of anemia associated with receiving bariatric surgery, stratified
by sex and age
Receiving vs not-receiving bariatric
surgery

Receiving bariatric surgery
Variable

No

Yes
Crude HR

Adjusted HR2

11.24

1.71(1.20-2.44)b

2.36(1.52-3.65)c

10688

14.88

1.67(1.10-2.53)a

2.48(1.50-4.09)c

24

5588

4.29

1.24(0.60-2.55)

2.04(0.89-4.70)

2.89

84

7825

10.73

3.11(1.14-8.54)a

3.83(1.13-12.99)a

4341

6.22

99

8446

11.72

1.81(1.18-2.79)b

2.37(1.45-3.88)c

632

11.07

0

6

0

-

-

Event

Person years

IR

Event

Person years

IR1

38

6359

5.98

183

16277

Female

27

3455

7.82

159

Male

11

2905

3.79

20-29 yr

4

1386

30-64 yr

27

65-100 yr

7

Total

1

Gender

Age group, yr

1

IR: Incidence rates, per 1000 person-years.
Represented adjusted hazard ratio: Mutually adjusted for sex, age, receiving bariatric surgery, and baseline comorbidities (as like tables) in Cox
proportional hazard regression.
a
P < 0.05.
b
P < 0.01.
c
P < 0.001. HR: Hazard ratio.
2

Table 4 Cox model with hazard ratio and 95% confidence intervals of anemia associated with receiving malabsorptive procedures or
restrictive procedures among morbidly obese patients
Variable

Anemia

Crude1

Adjusted2

No. (n = 221)

HR

(95%CI)

P value

HR

(95%CI)

1

Reference

3.18

(2.29-4.40)

1

Reference

1.55

(1.10-2.19)

P value

Malabsorptive procedures
No

64

1

Reference

Yes

157

2.76

(2.06-3.70)

< 0.0001

< 0.0001

Restrictive procedures
No

62

1

Reference

Yes

159

1.38

(1.02-1.86)

0.0356

0.0129

1

Crude HR: Represented relative hazard ratio.
Adjusted HR: Represented adjusted hazard ratio: Mutually adjusted for sex, age, receiving bariatric surgery or not, baseline comorbidities (as like tables)
in Cox proportional hazard regression. CI: Confidence interval; HR: Hazard ratio.
2

postoperative period, premenopausal women have greater prevalence of anemia than
postmenopausal women and men. According to the National Health and Nutrition
Examination Survey studies, women in their childbearing years generally have a
greater percentage of anemia than men (12.2% vs 1.5%, respectively), and the gender
differences were no longer observed after the age of 50 years[28]. However, data from
our study revealed that, after adjusting age and other confounding factors, the risk of
post-bariatric surgery anemia is still higher in women than in men. Obesity is
associated with an irregular menstruation cycle[29,30]. After bariatric surgery, a more
consistent menstrual cycle rather than amenorrhea or irregular menstruation cycle is
observed. Hence, premenopausal women are highly diagnosed with anemia
postoperatively. Another study suggested that women are at a higher risk of eating
less than men, although with limited evidence, which may add other risk for iron
deficiency anemia[12].
We also found that young-aged (20-29 years) and middle-aged (30–64 years)
patients had significantly higher HRs post-bariatric surgery anemia than older-aged
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Figure 1 Flowchart of the patient selection (patients diagnosed with morbid obesity who received bariatric surgery) and comparison
cohort (patients diagnosed with morbid obesity who did not receive bariatric surgery). ICD-9-CM: International Classification of Diseases, Ninth
Revision, Clinical Modification.

patients. A study conducted in France revealed that patients aged less than 52 years
have a 50% higher risk of developing post-bariatric surgery anemia than elderly
patients[11]. Groups were classified according to the age of 52 years because
menstruation was taken into consideration[11]. Thus, considering that premenopausal
women are at an increased risk of developing anemia, a French cohort did not consider
the effect of age. The following factors may potentially explain the effect of age on
anemia after bariatric surgery, although with insufficient evidence: Young-aged
individuals consume less calories and nutrients than required and have limited
compliance to medical follow-up and limited adherence to micronutrient supplement
consumption. Furthermore, the small sample size of older-aged patients, that is, only
six older-aged obese patients underwent bariatric surgery, must be taken into
consideration.
The risks of post-bariatric surgery anemia vary among different types of surgery.
Our study revealed that obese patients who underwent malabsorptive procedures
have 3.18-fold higher risk of developing anemia than patients who did not undergo
malabsorptive procedures. Moreover, obese patients who underwent restrictive
procedures also have 1.55-fold higher risk of developing anemia than patients who did
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Figure 2 Cumulative incidence of anemia in morbidly obese patients who received bariatric surgery and patients who did not receive
bariatric surgery.

not undergo restrictive procedures. Previous studies also demonstrated that
malabsorptive procedures have greater risk of anemia than restrictive procedures. The
French cohort showed that the risk rates of developing anemia due to micronutrient
deficiency were 13.0% after gastric bypass, 5.6% after sleeve gastrectomy, and 4.0%
after adjustable gastric banding. Both malabsorptive and restrictive procedures lessen
the volume of gastric pouch and also reduce hydrochloric acid production. Gut
hypoacidity reduces transit time; consequently, early satiety and decreased intake
amount contribute to the risk of micronutrient deficiency anemia after bariatric
surgery. In addition to stomach reduction, malabsorptive procedures (e.g., Roux-en-Y
bypass surgery) further bypass the main sites of iron absorption (duodenum and a
portion of the jejunum). Hence, malabsorptive procedures theoretically result in more
iron deficiency. However, patients who underwent malabsorptive procedures are
possibly able to adapt iron absorption[5,31]. Therefore, postoperative iron deficiency is
insignificantly different between the two types of surgery. One meta-analysis also
revealed that sleeve gastrectomy and Roux-en-Y bypass surgery are comparable
regarding the risk of postoperative iron deficiency[5].
On the contrary, malabsorptive procedures have significant effects on vitamin B12
absorption. Roux-en-Y bypass surgery reduces acid secretion, affects intrinsic factor
function, and limits the mixing of food with pancreatic secretions. Consequently,
vitamin B12 maldigestion and malabsorption lead to higher risk anemia
postoperatively[5,32]. One meta-analysis revealed that Roux-en-Y bypass surgery had
3.55-fold higher risk of postoperative vitamin B12 deficiency than sleeve
gastrectomy[5]. Recent studies demonstrate that malabsorptive procedures result in
excess weight loss at midterm, but the difference was not statistically significant. The
morbidity rates of the two procedures were statistically insignificant[33,34].
Our study has the following strength: The nationwide cohort with large sample size,
paying careful attention to post-bariatric surgery anemia in morbidly obese patients.
However, there are some limitations in our study. First, the Taiwan NHIRD did not
comprise information regarding hemoglobin level, body weight, and height.
Therefore, the associations between body mass index changes, body weight changes,
and post-bariatric surgery anemia could not be analyzed. To reduce the influence of
pre-surgery anemia, our study group was analyzed after excluding who had anemia
diagnosis before index date. Second, due to the retrospective cohort design of the
study, the evidence of this study was lower in statistical quality than randomized
trials. Third, regimens for micronutrient supplementation were not assessed in this
study. Thus, we could not further analyze the micronutrient deficiency between
groups.
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CONCLUSION
In conclusion, our study demonstrated that morbidly obese patients who received
bariatric surgery had a significantly higher risk of developing anemia than patients
who did not receive bariatric surgery. After the stratification of confounding factors,
female sex, young-aged (20-29 years) and middle-aged (30-64 years) patients, and
patients who underwent malabsorptive procedures had significantly higher HRs than
male sex, older-aged patients, and patients who did not undergo malabsorptive
procedures.
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ARTICLE HIGHLIGHTS
Research background
Bariatric surgery is considered to be the most effective long-term treatment for
morbidly obese patients. However, post-bariatric surgery anemia is identified as a
common adverse effect and remains a challenge nowadays. This study revealed the
long-term incidence of anemia in morbidly obese patients who received a bariatric
procedure in large cohorts.

Research motivation
Although post-bariatric surgery anemia is identified as a common adverse effect, there
are insufficient population-based cohort studies to demonstrate the long-term
incidence of anemia and the risk of post-bariatric surgery anemia.

Research objectives
To estimate the risk of post-bariatric surgery anemia and to stratify the association
between sex, age, and type of surgery.

Research methods
This study is a population-based cohort study. We conducted this nationwide study
using claims data from National Health Insurance Research Database (NHIRD) in
Taiwan. There were 4373 morbidly obese patients in this study cohort.

Research results
There were 4373 patients in the cohort. Among patients who were diagnosed with
morbid obesity, 2864 received bariatric surgery. All obesity- and obesity-associated
comorbidities decreased in the surgical group. Increasing risk of post-bariatric surgery
anemia among obese patients was found by Cox proportional hazards regression
[adjusted hazard ratio(HR): 2.36]. Also, we found significantly increasing cumulative
incidence rate of anemia among patients receiving bariatric surgery by log-rank test.
After adjusting for age and sex, the increasing incidence of post-bariatric surgery
anemia was found among women (adjusted HR: 2.48), patients in the 20-29-year-old
group (adjusted HR: 3.83) and patients in 30–64-year-old group (adjusted HR: 2.37).
Moreover, malabsorptive and restrictive procedures had significantly higher adjusted
HRs, 3.18 and 1.55, respectively.

Research conclusions
We demonstrated the long-term incidence of post-bariatric surgery anemia and the
risk of post-bariatric surgery anemia via a population-based cohort study in which
data were obtained from the Taiwan NHIRD. Bariatric surgery increases the risk of
anemia among obese patients, specifically in women, young- and middle-aged
patients, and patients undergoing malabsorptive procedures. Malabsorptive
procedures have a higher risk of anemia than restrictive procedures. Bariatric surgery
increases the long-term risk of anemia. Considering the risk of post-bariatric surgery
anemia, lifelong micronutrient supplementation was considered mandatory.
Moreover, the quality and sustainability of medical follow-up consultation became an
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important consideration of bariatric surgery.

Research perspectives
A population-based database, like the Taiwan NHIRD, could provide the evidence of
long-term risk. The data could also provide information for further analysis of the
associated risks. A prospective cohort study or randomized trial could provide better
statistical quality.
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BACKGROUND
Diabetes distress is an important factor in treatment outcomes and results in poor
behavioral and biological consequences. Technology has been used in
management programs of diabetes to improve communication between patients
and health care providers and to promote education about the disease and its
psychological aspects, which can impact the self-efficacy of the programs.
However, the true impact of technological approaches on the management of type
2 diabetes distress remains controversial.
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AIM
To investigate the effectiveness of technology interventions on the management of
type 2 diabetes distress.
METHODS
Studies published from 2014 to 2019 were searched in five databases: MEDLINE,
PubMed, Library and Information Science Source, Academic Search Ultimate and
PsycINFO. The Boolean logic search terms were: (1) T2Diabetes; (2) diabetes
distress; and (3) technology OR mobile OR phone OR application OR web. We
also systematically searched the reference lists of the included studies and
relevant reviews. Randomized controlled trials with technology interventions,
type 2 diabetes patients and diabetes distress as the outcome were selected. The
Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement
was followed.
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RESULTS
Of the 88 studies selected, nine full articles met the inclusion criteria and were
subjected to final careful review. On the JADAD scale, one article was classified as
having poor quality and eight as having good quality. Six out of nine articles
showed that technology interventions had a positive impact on diabetes distress
scale scores when compared with the initial data. Among the six articles, five
showed a greater reduction in the diabetes distress scores from control
interventions. Web-based interventions had good results when users received
personalized feedback and routine caregiver support and attention.
CONCLUSION
Technology interventions can contribute positively to the management of type 2
diabetes distress, especially with a tailored approach in conjunction with
caregiver interaction with patients.
Key Words: Technology; Type 2 diabetes; Diabetes distress; Healthcare; Systematic review
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: Technology interventions can impact the reduction of diabetes distress and
improve the outcome and quality of life of patients with type 2 diabetes mellitus.
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INTRODUCTION
Diabetes mellitus is one of the most prevalent diseases in the world. Today, the
worldwide incidence of diabetes is estimated to be over 450 million[1]. Type 2 diabetes
(T2D) comprises approximately 90% of cases and is associated with modifiable factors,
genetics and aging. Target organ lesions such as nephropathy, neuropathy,
retinopathy and cardiopathy are long-term results of hyperglycemia. Organ
complications and attempts at diabetes control may affect physical and emotional
health and patient quality of life, leading to negative psychological conditions. Patients
with depressive symptoms present with more hospitalization days, poorer selfmanagement behavior, more absenteeism, and increased morbidity and mortality.
However, it is important to highlight that most diabetic patients with high levels of
depressive symptoms are not clinically depressed, rather, they could be suffering from
diabetic-specific distress consequences[2].
Diabetes distress (DD) is defined as the fears, worries and concerns of individuals
with type 1 or type 2 diabetes related to the emotional responses to diagnosis, risk of
complications, self-management demands, unresponsive providers and quality of
interpersonal relationships. Identifying patients with DD and addressing the social,
personal and health-related causes of distress might have a greater impact than
prescribing treatments for clinical depression[2]. Initially, to serve as a screening
measure for DD, the Problem Areas in Diabetes scale (PAID), a 20-item questionnaire
with no subscales, was developed and has been linked to diabetes self-care behaviors
and glycemic controls[3,4]. In 2009, McGuire et al[5] validated the PAID-5, a short version
of PAID with items 3, 6, 12, 16 and 19 of the original scale, with 94% sensitivity and
80% specificity.
In 2005, Polonsky et al[3] validated a specific diabetes distress scale (DDS) with a 17item self-reported questionnaire that captures four critical dimensions of distress:
Emotional burden, regimen distress, interpersonal distress and physician distress.
Higher DDS scores are associated with poorer diabetes outcomes, such as high HbA1c,
low self-efficacy, choosing unhealthy foods[3] and even an increase in coronary artery
disease incidence[6].
In 2008, Fisher et al[4] presented a two-item screening version of the DDS, with items
“feeling overwhelmed by the demands of living with diabetes” and “feeling that I am
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often failing with my diabetes regimen”, which showed good sensitivity (95%) and
specificity (85%).
Simultaneously, in an attempt to measure DD, data management technologies, webbased interventions, telemedicine, mobile phones, applications and others have been
used as modern tools of communication to improve healthcare. Some authors have
already demonstrated that technological devices could enhance engagement,
adherence, cost effectiveness and access to health interventions[7,8], having an impact
on blood glucose control and T2D self-management[9-12]. However, review authors have
are in disagreement about the benefits of this technology in T2D distress[13,14]. The
primary aim of this review is to determine the impact of programs with technological
interventions regarding disease management, not just as a communication alternative,
on T2D distress through a DDS measurement study.

MATERIALS AND METHODS
Data sources and search strategy
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement and checklist were followed in this study. The review protocol is registered
on PROSPERO (https://www.crd.york.ac.uk/PROSPERO/), an international
prospective register of systematic reviews with 160386 registered numbers.
The electronic databases used were MEDLINE, PubMed and EBSCO (which
includes three databases with duplicates removed automatically: Library and
Information Science Source, Academic Search Ultimate and PsycINFO) for studies
published in English from January 2014 through December 2019. The Boolean logic
search terms were: (1) T2Diabetes; (2) Diabetes distress; and (3) Technology OR mobile
OR phone OR application OR web. We also systematically searched the reference lists
of the included studies and relevant reviews.

Study selection
Following the removal of duplicates, titles and/or abstracts were screened by the first
reviewer and then a second reviewer. If a disagreement occurred, a third reviewer was
consulted.

Inclusion and exclusion criteria
Inclusion criteria were studies with: (1) Only subjects over 18-years-old; (2) Subjects
with T2D; (3) Randomized controlled trials (RCTs); (4) Any intervention with
technology; use and (5) DDS present in main or secondary outcomes.
Exclusion criteria were studies with: (1) Non-English language text; (2) absence of a
control group without technological intervention; and (3) the inclusion of only
pregnant women.

Data extraction
The investigators collected the following from each eligible study in a full article
screening: (1) Number of subjects recruited for randomization, including the presence
of sample size calculations; (2) Main demographic descriptions, including age with
standard deviation, gender and study design including duration; (3) Description of
intervention and control groups; (4) distress outcome measures; and (5) Statistical
significance results.

Methodologic quality
The JADAD scale was used to measure the likelihood of bias and was applied to each
selected study by the two reviewers independently.

RESULTS
Study selection
A PRISMA flowchart (Figure 1) summarizes the results of the search, screening
process and reasons for exclusion. From the database sources, we collected 87 studies:
(1) MEDLINE: 18; (2) PubMed: 36; and (3) EBSCO (Library and Information Science
Source, Academic Search Ultimate and PsycINFO): 33. One article from the reference
lists was included. After 18 duplicates were excluded (EBSCO system automatically
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Figure 1 Flow diagram of search results and reasons for exclusion. RCT: Randomized controlled trials.

excluded duplicated references from its three databases) by the two reviewers’
analysis, 70 references with titles and abstracts remained for screening. Studies with no
randomized control design, no DD outcome measure, no involvement of T2D subjects,
no English text available, samples with only pregnant women or individuals less than
18-years-old were excluded. Next, out of the 16 full text articles selected, 7 were
excluded due to the absence of a control group without technology-based intervention
or for only containing an RCT protocol description; the remaining nine full articles
were analyzed for data extraction[15-23] (Figure 1).

Data extraction
Data extraction items are shown in Table 1. Of the nine articles analyzed, two did not
present sample size calculations[15,22] including technique description. Three RCTs[17,19,23]
used the DDS-17 items for the DD measure, four used the PAID-5[16,18,21,23], one used two
subscales of the DDS, the five-item Regimen Distress subscale and the five-item
Emotional Burden subscale version[15], and one used the PAID with 20 items[15]. In
terms of demographics, female gender was the majority in six articles[15,16,19,20,22,23], and in
one, no gender reporting was found[17]. Follow-up varied from 8 to 48 wk. One study
had an 8-wk[16] period, one had 10 wk[20], two studies had 12 wk[17,23], three studies had
24 wk[18,21,22] and two had 48 wk[15,19] (Table 1).

Methodologic quality
The quality assessment of the studies with the JADAD scale is presented in Table 2.
Eight RCTs were scored with good quality (total score ≥ 3) and low bias risk. One
study[22] was scored as poor quality with high bias risk. The main topic with the fewest
points was blindness, and three articles had a double-blind design[19,20,23] (Table 2).
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Table 1 Data extracted
Statistical
significance
between groups

Ref.

Sample SSC

Age
Gender
average

Duration IEWT

CGITE

DDS version used
and data results

Fisher
et al[15],
2014

392

No

56

53.8%
Female,
46.2%
Male

48 wk

My path to a healthy life computer-assisted self-management plus problemsolving therapyTechnology: Phone calls and web-based diabetes selfmanagement and diabetes distress change program

Leap ahead program delivers diabetes
information only, and participants were not
directed to use the information to engage in
a specific or structured program of selfmanagement or diabetes distress change

DDS (5- item
Regimen Distress
Subscale and 5-item
Emotional Burden
Subscale from DDS)

P = 0.50, No
significant

Nobis
et al[16],
2015

260

Yes

51

63%
Female,
37% Male

8 wk

GET.ON Mood Enhancer personalized, guided, Internet-based diabetes selfhelp intervention with personalized feedback from psychologist

Control Group: Unguided psychoeducation
program

DDS (PAID-5)

P < 0.001,
Significant

Bajaj
et al[17],
2016

139

Yes

56.4

NR

12 wk

Long-acting insulin glargine Titration Web Tool (LTHome), instructions on
insulin administration and dosing, as well as the use of the web-based
LTHome tool (containing a rules engine-based algorithm for titration),
provided by a delegated nonhealthcare professional Technology: Web-based
insulin titration algorithm embedded in a range of platforms, including
glucometer, personal computer and mobile phones

EUT of Glargine Titration: Insulin dosing
and titration instructions were provided by
CDEs according to a standard protocol

17-item DDS

P = 0.04;
Significant

Rondags
et al[18],
2016

137

Yes

52

46%
Female,
54% Male

24 wk

HypoAware consists of three group sessions and is combined with two online
modules. Group sessions are highly interactive and aimed at patient
empowerment to improve symptom recognition, risk awareness, preventive
and problem-solving strategies and coping with (the risk of) hypoglycemia
Technology: two online modules

Care as usual had access to comprehensive
diabetes care as normally provided by their
diabetes team

DDS (PAID-5)

P = 0.365, No
significant

HollandCarter et al
[19]
, 2017

563

Yes

55.1

71%
Female,
29% Male

48 wk

WW approach, supplemented with phone and email counseling with a CDE
Technology: WW online tools, unlimited phone calls and email diabetes
educator consultation

SC, one session of face-to-face T2DM
nutritional counseling by a registered
dietitian as well as follow-up written
information

17-item DDS

P < 0.001,
Significant

Newby
et al[20],
2017

106

Yes

47

71%
Female,
29% Male

10 wk

ICBT not tailored to diabetes

TAU control group

DDS (PAID 20 items)

P < 0.001,
Significant

Ebert
et al[21],
2017

260

Yes

50.8

43.8%
Female,
56.2%
Male

24 wk

GET.ON Mood Enhancer personalized, guided, Internet-based diabetes selfhelp intervention with personalized feedback from psychologist Technology:
active online training on diabetes and depression, personalized approach

Control: Usual treatment

DDS (PAID-5)

P < 0.001,
Significant

Schlicker
et al[22],
2019

253

No

50.7

62.8%
Female,
37.2%
Male

24 wk

GET.ON Mood Enhancer personalized, guided, Internet-based diabetes selfhelp intervention with personalized feedback from psychologist

Placebo online, online psychoeducation
control condition

DDS (PAID-5)

P = 0.75, No
significant

Clarke
et al[23],
2019

780

Yes

58

68.8%
Female,
31.2%
Male

12 wk

My compass program is a fully automated, web- based cognitive behavioral,
self-guided public health treatment program for common mental health
problems with a personalized treatment plan based on an assessment of user
symptoms. Technology: Web-based, fully automated program with selfguided cognitive behavioral treatment through personal computer or mobile

Healthy lifestyles: Placebo without
therapeutic, only informative, no feedback
content

17-item DDS

P = 0.36, No
significant
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phone

P values < 0.05 were considered statistically significant. SSC: Sample size calculation; IEWT: Intervention elaborated with technology; CGITE: Control group with no intervention technology elaborated; DDS: Diabetes distress scale; EUT:
Enhanced usual therapy; CDE: Certified diabetes educator; WW: Weight watchers; SC: Standard care; T2D: Type 2 diabetes; ICBT: Internet cognitive behavioral therapy; TAU: Treatment as usual; NR: Not related.

DISCUSSION
Main findings
This review suggests that technology could have a positive impact on DD in T2D
patients. The majority of articles selected for qualitative synthesis (six[16,17,19,20,23] out of
nine[15,18,22]) showed significant DD scale improvement in the technology intervention
groups over the initial data. Five articles[16,17,19-21] showed significant differences
between groups. Studies with technological interventions had significantly lower DDS
scores at the end than at baseline. Although a study did not find significant differences
between groups, all participants showed symptom improvement in DDS scores,
including the control group.
Rondags et al[18] did not find a significant difference in the DDS scores between the
groups but described a 30% drop in the HypoAware Group (technology-based
intervention) in distress concerning hypoglycemia.
Regarding quality, perhaps as a result of the RCT inclusion criteria, only one article
had a high bias risk on the JADAD scale, and two had no sample size calculation,
reflecting good scientific quality of the articles reviewed.

Type of technology intervention
Newby et al[20] and Clarke et al[23] showed different findings for generic web-based
interventions with psychological content and highlighted the necessity of a diabetesspecific web-based approach. In contrast, Nobis et al[16] and Ebert et al[21] found similar
results concerning diabetic distress improvement with the same web-based mood
enhancer intervention (GET.ON MED).
Web-based interventions had better results when users received program feedback
personalized in its content[24]. According to this affirmative, all publications with DDS
improvement in our review presented tailored technology interventions with personal
adjustments in their programs[16,17,19,20,23]. Thus, it seems that more than a diabetestailored approach, patient-tailored and-guided technological programs were more
successful in type 2 DDS improvement.
However, these findings are in contrast to the results of Mathiesen et al[13] in their
trial about the influence of technology interventions on T2D distress. They attributed
their findings to the vulnerability of T2D patients facing tailored digital interventions,
resulting in an increase in distress, such as “suffering informational confusion,
experiencing digital alienation, and missing the human touch”, mainly because
“navigating a complex digital portal on diabetes might be more challenging than
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Table 2 JADAD scale
Ref.

Randomization, method

Double blind

Descriptions of withdrawals and dropouts

Total

1+1

0

1

3

Clarke et al[23]

1+1

1+1

1

5

Ebert et al[21]

1+1

1

1

4

1+1

0

1

3

1+1

1+1

1

5

1+1

0

1

3

1+1

0

1

3

Schlicker et al[22]

1

0

0

1

Newby et al[20]

1+1

1+1

1

5

Bajaj et al

[17]

Fisher et al

[15]
[19]

Holland-Carter et al
Nobis et al

[16]

Rondags et al

[18]

simply accessing the site” and the digital caregivers’ approach. Despite the limitations
of this study, such as the small sample size (12 subjects) and less scientific evidence
compared to the nine articles analyzed in the present review, we considered some of
the authors’ conclusions to improve our considerations. For example, the success of a
digital T2D-tailored program depends on the quality of the caregiver-patient
relationship, and topics such as digital buddy rights choice and training for vulnerable
T2D patient care or a wider social network must be included in the technology T2D
intervention framework.

Diabetes distress scale
Possible biases arising from the different scales of DD in the included studies (17-item
DDS, PAID and PAID-5) became null due to the use of the same distress scale in the
intervention and control groups. This is the main reason to consider only DDS scales in
the review and not any of the isolated distress symptoms or other measures in the
outcome.

Limitations
First, our review did not discriminate psychological level in article subject recruitment,
and some authors attributed differences in the impact of DD approaches to baseline
depression levels[20,23], and RCT studies may not be comparable in their demographic
composition. However, we selected only RCTs, and the outcome was DDS
improvement between groups with the same inclusion and exclusion criteria. That
reduces possible biases such as better intervention results for populations with worse
baseline levels of depression. Second, we did not exclude studies that also included
type 1 diabetes patients, but we limited the participants’ ages to over 18-years-old;
thus, the late depression symptoms and increased somatic burden associated with
patients in the age range of T2D[25] were minimized with the exclusion of younger
subjects.

Future directions
These review findings could contribute to future new approaches on the elaboration of
technological strategies to cope with T2D distress and consequently improve organ
complications, patient well-being and cost effectiveness in the management of T2D.

CONCLUSION
The findings of the present study show that management of T2D distress can have
positive outcomes with technology-based interventions and highlight that the best
results come from programs that offer not only a personalized digital/technological
experience for patients but also routine caregiver support and attention.
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ARTICLE HIGHLIGHTS
Research background
High diabetes distress is associated with poorer diabetes outcomes. Technological
interventions have been used as modern tools of communication to improve
communication and can impact diabetes self-management, engagement and
adherence. Understanding the impact of programs with technological interventions
regarding disease management on type 2 diabetes distress bears clinical significance.

Research motivation
Review authors disagree about the benefits of this technology in type 2 diabetes
distress. We systematically reviewed randomized controlled trials that studied the
impact of technology interventions on type 2 diabetes distress.

Research objectives
The goal of this study is to provide comprehensive overview of the impact of
technology interventions on type 2 diabetes distress.

Research methods
We systematically searched MEDLINE, PubMed and EBSCO with the Boolean logic
search terms were: (1) T2Diabetes; (2) Diabetes distress and (3) Technology OR mobile
OR phone OR application OR web. We also systematically searched the reference lists
of the included studies and relevant reviews.

Research results
We found nine full articles that met the inclusion criteria. Six out of nine articles
showed that technology interventions had a positive impact on diabetes distress scale
scores when compared with the initial data. Among these six articles, five showed a
greater reduction in the diabetes distress scores from control interventions. Web-based
interventions had good results when users received personalized feedback and routine
caregiver support and attention.

Research conclusions
Technology-based interventions have a positive impact on type 2 diabetes distress
management, and programs that include routine caregiver support and attention show
the best results.

Research perspectives
These review findings could contribute to the development of new approaches on the
elaboration of technological strategies to cope with type 2 diabetes distress and
consequently improve treatment outcomes, resulting in patient well-being and better
biological consequences in the management of type 2 diabetes.
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Abstract
BACKGROUND
Coronavirus disease 2019 (COVID-19) is an emerging infectious disease that has
spread rapidly around the world. Previous studies have indicated that COVID-19
patients with diabetes are prone to having poor clinical outcomes.
AIM
To systematically evaluate the prevalence of diabetes among COVID-19 patients
in China and its impact on clinical outcomes, including ICU admission,
progression to severe cases, or death.
METHODS
We searched studies published in PubMed, Web of Science, and EMBASE from
December 1, 2019 to March 31, 2020 to identify relevant observational study that
investigated the prevalence of diabetes among COVID-19 patients or its impact on
clinical outcomes. We used a random-effects or fixed-effects model to estimate the
pooled prevalence of diabetes and risk ratio (RR) and its 95% confidence interval
(CI) of diabetes on outcomes. Funnel plots were used to evaluate the publication
bias and the heterogeneity was evaluated by I2 statistic.
RESULTS
Twenty-three eligible articles including 49564 COVID-19 patients (1573 with and
47991 without diabetes) were finally included. The pooled prevalence of diabetes
was 10% (95%CI: 7%-15%) in COVID-19 patients. In the subgroup analyses, the
pooled prevalence of diabetes was higher in studies with patients aged > 50 years
(13%; 95%CI: 11%-16%) than in studies with patients aged ≤ 50 years (7%; 95%CI:
6%-8%), in severe patients (17%; 95%CI: 14%-20%) than in non-severe patients
(6%; 95%CI: 5%-8%), and in dead patients (30%; 95%CI: 13%-46%) than in
survivors (8%; 95%CI: 2%-15%) (P < 0.05 for all). Compared with patients without
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diabetes, the risk of severe cases was higher (RR = 2.13, 95%CI: 1.76-2.56, I2 = 49%)
in COVID-19 patients with diabetes. The risk of death was also higher in COVID19 patients with diabetes (RR = 3.16, 95%CI: 2.64-3.78, I 2 = 34%). However,
diabetes was not found to be significantly associated with admission to ICU (RR =
1.16, 95%CI: 0.15-9.11).
CONCLUSION
Nearly one in ten COVID-19 patients have diabetes in China. Diabetes is
associated with a higher risk of severe illness and death. The present study
suggested that targeted early intervention is needed in COVID-19 patients with
diabetes.
Key Words: Diabetes; COVID-19; Systematic review; Meta-analysis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: At present, the prevalence and impact of diabetes in patients with coronavirus
disease 2019 (COVID-19) have not been systematically reviewed in China. This metaanalysis for the first time focused on the pooled prevalence of diabetes among COVID-19
patients and its impact on clinical outcomes (ICU admission, severity, and death) in China.
The analysis showed that the pooled prevalence of diabetes was 10% [95% confidence
interval (CI): 7%-15%] in COVID-19 patients. Besides, the risks of severe cases (risk ratio
= 2.13, 95%CI: 1.76-2.56, I2 = 49%, P = 0.007) and deaths (risk ratio = 3.16, 95%CI: 2.643.78, I2 = 34%, P = 0.20) were both higher in COVID-19 patients with diabetes compared
with those without. Our findings highlight the need for targeted intervention on diabetes
among COVID-19 patients.
Citation: Du M, Lin YX, Yan WX, Tao LY, Liu M, Liu J. Prevalence and impact of diabetes in
patients with COVID-19 in China. World J Diabetes 2020; 11(10): 468-480
URL: https://www.wjgnet.com/1948-9358/full/v11/i10/468.htm
DOI: https://dx.doi.org/10.4239/wjd.v11.i10.468

INTRODUCTION
In December 2019, some pneumonia cases of unknown cause were reported in Wuhan,
Hubei Province, China, and deep sequencing analysis from lower respiratory tract
samples indicated a novel coronavirus that caused coronavirus disease 2019 (COVID19)[1]. As of April 12, 2020, there were 1696588 confirmed cases of COVID-19 in the
world, with 105952 deaths, according to the World Health Organization. Previous
studies have reported that patients with poor immune function, such as the elderly or
patients with chronic diseases, may develop severity or even death, such as diabetes
and cardiovascular diseases[2,3]. Guo et al[4] reported that diabetes patients with COVID19 were prone to have severe pneumonia, releasing tissue damage-related enzymes,
excessively uncontrolled inflammation, and hypercoagulable states associated with
abnormal glucose metabolism[4]. Similarly, COVID-19 is not conducive to blood
glucose control in diabetic patients. Zhou and Tan[5] monitored the blood glucose of 26
diabetic COVID-19 patients and found that 56.6% showed abnormal blood glucose
levels, 69.0% were considered to have a poor blood glucose level, and 10.3% have
experienced hypoglycemia at least once[5].
As a chronic illness, diabetes is characterized by elevated levels of blood glucose,
and accompanied by disturbed metabolism of fats and proteins[6]. Several studies
reported the prevalence of diabetes among COVID-19 patients. In China, Shi et al[7]
discovered that the comorbidity rate of diabetes was 5.95% in Zhengzhou, while it was
7.23% in the study by Lian et al[8]. Huang et al[9] found that the prevalence of diabetes in
Wuhan was 11.8%, while Chen et al[10] reported the rate at 14%. Bhatraju et al[11] found
that prevalence of diabetes among COVID-19 patients was 58% in the United States. It
was reported that the prevalence of diabetes was about three-fold higher in intensive
care unit (ICU) cases than in non-ICU cases[12]. The results on the prevalence of
diabetes varied across different studies.
Although epidemiological data on COVID-19 infection are growing, the prevalence

WJD

https://www.wjgnet.com

469

October 15, 2020

Volume 11

Issue 10

Du M et al. Prevalence and impact of diabetes in COVID-19

and impact of diabetes in COVID-19 patients have not been systematically reviewed at
the country level. Thus, we conducted a systematic review and meta-analysis to assess
the prevalence of diabetes among COVID-19 patients in China and identify its impact
on clinical outcomes.

MATERIALS AND METHODS
According to the Preferred Reporting Items for Systematic Reviews and MetaAnalyses statement, we performed this systematic review and meta-analysis[13].

Data sources and search strategy
The literature was searched independently by two investigators (Du M and Yan WX),
which was published online from December 1, 2019 to March 31, 2020, from three
databases including PubMed, Web of Science, and EMBASE using the following
search term: (“novel coronavirus”, “2019-nCoV”, “coronavirus disease 2019”,
“COVID-19”, or “SARS-CoV-2”) and “diabetes”. There was no limitation to language
or region. Moreover, we also searched highly relevant reference articles by reviewing
the list of references. To exclude duplicates, EndNote X 9.0 software was used to
manage the records.

Inclusion and exclusion criteria
The inclusion criteria for articles in the meta-analysis included: (1) Cross-sectional
studies or cohort studies; and (2) Studies that reported the prevalence of diabetes in
COVID-19 patients. The exclusion criteria were as follows: (1) The subjects of the study
were irrelevant (animal experiments, pathological researches, or molecular researches);
(2) Reviews, editorials, or case reports; (3) Overlapped studies. The latest one was
selected if studies overlapped; (4) Studies that were not conducted in China; (5)
Duplicated studies; and (6) Key information could not be extracted, for example the
prevalence of diabetes.
Two investigators (Lin YX and Yan WX) independently identified the studies, based
on the inclusion and exclusion criteria. When discrepancies occurred, they were solved
by consensus or decided by a third investigators (DM).

Data extraction and study quality assessment
The primary outcomes were prevalence of diabetes among COVID-19 patients and its
impact on clinical outcomes (admission to ICU, severe cases, and death). In view of the
piloted forms, the information which was extracted independently by two
investigators (Du M and Yan WX) from the selected studies included three main parts:
(1) Basic information of the studies comprising first author, publication year, survey
time, study design, and journal; (2) Characteristics of the study population including
sample size, location, median/mean age, gender ratio; and (3) Primary outcomes
including the numbers of patients with diabetes and non-diabetes in the total COVID19 patients and in different subgroups (ICU patients vs non-ICU patients, severe vs
non-severe patients, and dead patients vs survivors). The methodological quality of the
included studies was evaluated by using the tool developed by Hoy and colleagues[14],
which had been used in other meta-analyses for pooled prevalence[15]. To generate an
overall quality score that ranged from 0 to 10, we assigned each item a score of 1 (yes)
or 0 (no), and summed scores across items. Then, according to the overall scores, the
methodological quality of studies was classified into three levels: Low (> 8), moderate
(6–8), or high (≤ 5) risk of bias[14]. The study quality was independently assessed by two
investigators (Du M and Lin YX), and disagreements were resolved by consensus.

Data synthesis and statistical analysis
In order to get an overall summary estimate of diabetes prevalence across studies, a
meta-analysis was used to summarize prevalence data and a random-effects or fixedeffects model was used to pool the study-specific estimates. We used the I2 statistic to
assess the magnitude of heterogeneity, with 25%, 50%, and 75% heterogeneity
representing low, moderate, and high degrees of heterogeneity, respectively[16].
According to the analysis results, the proper effect model was selected: If I2 ≤ 50%, the
fixed-effects model was used, otherwise the random-effects model was used.
If substantial heterogeneity was detected, to investigate the possible sources of
heterogeneity, subgroup analysis was performed by using the following grouping
variables: Sample size, location, age, admission to ICU or not, severe cases or not, and
death or not. Subgroup comparisons were made using the Q test. A P value less than
WJD
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0.05 was considered to indicate a significant difference between subgroups. We
performed sensitivity analysis by deleting the lowest quality score of study and by
using a different model (fixed-effect or random-effect model). The risk ratio (RR) and
the corresponding 95% confidence interval (CI) were calculated to quantify the impact
of diabetes on clinical outcomes (ICU vs non-ICU patients, severe vs non-severe
patients, and dead patients vs survivors), and a P value < 0.05 was deemed significant.
We used forest plots to describe the pooled rate of diabetes and the risk ratio of
diabetes to related outcomes. To assess publication bias, we used funnel plots and
Egger’ publication bias test. We analyzed data using R version 3.5.3 and Stata version
16.0.

RESULTS
Study selection and study characteristics
One hundred and ninety articles were searched totally, of which 64 reported duplicate
results. After skimming the title and abstracts, we excluded 101 reviews, guidelines, or
irrelevant studies. After reading the full articles, six articles that provided insufficient
information were excluded. Four articles from other sources were included. As a
result, 23 eligible articles were included in the meta-analysis[1,3,4,7-9,17-34]. Figure 1 shows
the flow chart of study selection.
The total sample size of the included studies was 49564, with the number of subjects
in each study varying from 18 to 44672. Baseline characteristics are shown in Table 1.

Pooled prevalence of diabetes and subgroup analysis
Among the 23 studies included, the rate of diabetes varied widely from 2.47% to
22.22%. The pooled prevalence of diabetes was 10% (7%-15%) among 49564 COVID-19
patients from 23 studies (Figure 2). For the subgroup analyses, the pooled prevalence
of diabetes was higher in studies on patients with a median age > 50 years (13%;
95%CI: 11%-16%) than in those on patients with a median age ≤ 50 years (7%; 95%CI:
6%-8%), in severe patients (17%; 95%CI: 14%-20%) than in non-severe patients (6%;
95%CI: 5%-8%), and in dead patients (30%; 95%CI: 13%-46%) than in survivors (8%;
95%CI: 2%-15%, Table 2).

Impact of diabetes on clinical outcomes
Compared with patients without diabetes, the risks of severe cases (RR = 2.13, 95%CI:
1.76-2.56; I2 = 49%) and deaths (RR = 3.16, 95%CI: 2.64-3.78, I2 = 34%) were both higher
in COVID-19 patients with diabetes (Figure 3B and C). However, there was no
relationship between diabetes and admission to ICU (RR = 1.16, 95%CI: 0.15-9.11;
Figure 3A).
In the sensitivity analysis, we found the pooled results of meta-analysis had no
difference between the fixed-effects model and random-effects model or when deleting
the study with the lowest quality score, which showed that the results of pooled
diabetes prevalence and RRs were stable. Both funnel plots (Figure 4B and C) and
Egger’s tests showed publication bias on the pooled prevalence of diabetes (P < 0.001;
Figure 5) and the association of diabetes and ICU admission (P < 0.05; Figure 4A),
while showed no evidence of publication bias on the association of diabetes and severe
cases (t = -1.36, P = 0.23) or death (t = 0.03, P = 0.98).

DISCUSSION
Diabetes is an important public health problem. Uncontrolled diabetes could lead to
complications in many organs, resulting in loss of vision and kidney function, heart
attacks, strokes, and lower limb amputations which cause disability and death[6].
Previous studies reported that the presence of comorbidities in severe acute
respiratory syndrome patients increased the risk of death by nearly two-fold[35]. Yuan
et al[31] found that the incidence of comorbidities in the death group was significantly
higher than that of the survival group (80% vs 29%, P = 0.018), especially for comorbid
diabetes, hypertension, and heart disease[31]. Some studies suggested that chronic
diseases such as hypertension and diabetes might be important risk factors for poor
prognosis in patients with COVID-19[36]. In this systematic review and meta-analysis,
we included 23 studies related to COVID-19 cases and diabetes. Our results showed
that the prevalence of diabetes in COVID-19 cases was 10%. The pooled prevalence of
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Table 1 Baseline characteristics of the 23 included studies
Ref.

Survey period

Sample
size

Location

Age (mean or
median)

Sex (male,
%)

Prevalence of diabetes
(%)

Quality
score

Chen et al[17]

2020.1.1-2020.1.20

99

Wuhan China

55.5

67.68

12.12

7

Huang
et al[1]

2019.12.162010.1.2

41

Wuhan China

49.0

73.17

19.51

7

Liu et al[18]

2019.12.302020.1.24

137

Wuhan China

57

44.53

10.22

7

Wang et al[19] 2020.1-2020.1.31

138

Wuhan China

56

54.35

10.14

7

Zhang
et al[20]

2020.1.06-2020.2.3

140

Wuhan China

57

50.71

12.14

7

2019.1 -2020 .2

150

Wuhan China

59

56.00

13.33

5

2020.12.11-1.31

1590

China

48.9

56.86

8.18

9

Guo et al

2020.1.232020.2.23

187

Wuhan China

58.5

48.66

14.97

7

Guo et al[4]

2020.2.102020.2.29

174

Wuhan China

59

43.68

21.26

6

Huang
et al[9]

2019.12.212020.1.28

34

Wuhan China

56.24

41.18

11.76

4

China
CDC[24]

As of 2020.2.11

44672

China

-

51.44

2.47

6

Lian et al[8]

2020.1.172020.2.12

788

Zhejiang China

45.8

51.65

7.23

7

Shi et al[7]

As of 2020.2.17

487

Zhejiang China

46

53.18

5.95

3

2020.1.18-2020.2.7

78

Zhuhai China

44.6

48.72

5.13

5

Liu et al

2020.1.152020.2.18

56

Hainan China

53.75

55.36

7.14

6

Wan et al[26]

2020.1.232020.2.28

135

Chongqing
China

47

53.33

8.89

5

Wang et al[27] 2020.1.21-2020.2.5

18

Zhengzhou
China

39

55.56

16.67

5

Wu et al[28]

2019.12.252020.1.26

201

Wuhan China

51

63.68

10.95

7

Xu et al[29]

2020.1.23-2020.2.4

90

Guangzhou
China

50

43.33

5.56

6

Yuan et al[30]

2020.1.11-2020.2.4

94

Shenzhen China

40

44.68

5.32

6

[31]

2020.1.1-2020.1.25

27

Wuhan China

60

44.44

22.22

5

[32]

2020.1.232020.1.31

37

Wuhan China

41

37.84

10.81

6

2019.12.292020.1.31

191

Wuhan China

56

62.30

18.85

7

Chen et al[21]
[22]

Guan et al

[23]

[25]

Li et al

[3]

Yuan et al
Zhao et al

Zhou et al[33]

One study[34] only reporting information on severe patients is not shown in the table. CDC: Centers for disease control.

diabetes in COVID-19 cases in our study (10%) was slightly higher than the estimation
in the general population (8.5%)[6]. Li et al[12] found that the prevalence of diabetes is
about 9.7% in COVID-19 cases by meta-analysis including five studies[12], which was
similar to our findings. Yang et al[37] found that the prevalence of diabetes is about 9%
by a meta-analysis that include eight studies. The differences between these studies
might be related to the number of studies included, sample size, and characteristics of
the included patients.
We found that diabetes was associated with severe illness (RR = 2.13, 95%CI: 1.76,
2.56) and death (RR = 3.16, 95%CI: 2.64-3.78). A meta-analysis by Li et al[12] reported
that the prevalence of diabetes in ICU patients was not significantly higher than that in
non-ICU patients (RR = 2.21, 95%CI: 0.88, 5.57)[12]. Yang et al[37] found that the
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Table 2 Pooled prevalence of diabetes among coronavirus disease 2019 patients in China
Item

Number of studies Sample size Diabetes Prevalence(95%CI, %) I2

Overall

23

49564

1573

10 (7-15)

P values
Heterogeneity Subgroup difference

97% < 0.01

-

Subgroup analysis
Sample size

0.002

≤ 100

10

574

55

9 (6-11)

28% 0.14

100-200

8

1252

178

14 (11-16)

60% 0.02

> 200

5

49588

1340

7 (4-9)

94% < 0.0001

Location

< 0.0001

Wuhan, China

13

1556

222

14 (12-16)

35% 0.12

Outside of Wuhan, China

8

1746

119

7 (6-8)

0%

China (all cities)

2

46262

1432

5 (0-11)

99% < 0.0001

0.79

Age group

< 0.0001

≤ 50 yr

10

3358

257

7 (6-8)

10% 0.27

> 50 yr

12

1534

214

13 (11-16)

45% 0.05

ICU admission

0.94

ICU

2

112

20

15 (4-26)

47% 0.17

Non-ICU

2

1519

118

14 (3-35)

78% 0.03

Severity

< 0.0001

Severe

8

553

99

17 (14-20)

0%

0.92

Non-severe

7

2190

143

6 (5-8)

41% 0.05

Death

0.02

Death

5

1146

120

30 (13-46)

89% < 0.0001

Survival

5

45508

1191

8 (2-15)

99% < 0.0001

ICU: Intensive care unit.

proportion of diabetic patients between severe and non-severe patients had no
significant difference by meta-analysis[37]. These two meta-analyses described the
prevalence of diabetes among COVID-19 patients with limited studies (less than 10
studies) included in the analysis. Huang et al[38] reported that diabetes was associated
with severe illness (RR = 2.45, 95%CI: 1.79-3.35) in a meta-analysis of 30 studies, which
was similar to our findings[38]. It should be noted that, the pooled prevalence of
diabetes was 30% (95%CI: 12%-51%) in the dead patients, which was much higher than
8% (95%CI: 3%-14%) in the survivors in our study. Pooled RR for the association
between diabetes and death was 3.16 (95%CI: 2.64-3.78), which was similar to the
study of Kumar et al[39], who did a meta-analysis of 33 case-control studies to examine
the association between diabetes and mortality in COVID-19 patients. They found that
diabetes was significantly associated with mortality of COVID-19 (RR = 1.90, 95%CI:
1.37-2.64)[39]. The findings indicated that the risk of death among COVID-19 patients
with diabetes should be paid more attention.
Diabetes and susceptibility of the body have certain physiological mechanisms.
Because of the accumulation of activated innate immune cells in metabolic tissues, the
inflammatory mediators such as IL-1β and TNF-α are released, which accelerates β-cell
damage and systemic insulin resistance. Conversely, metabolic problems may further
impair the immunologic function of macrophages and lymphocytes, which makes the
individual easy to develop other complications[40]. Recently, it was found that the
proportion of CD3+ or CD4+ T cells and the absolute count of CD3+, CD4+, or CD8+ T
cells in the death group were significantly higher than those in the survival group by
analyzing the clinical data of viral pneumonia patients retrospectively, and the death
group had higher levels of different inflammatory factors compared to the survival
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Figure 1 Flow diagram of the study selection process.

group[17]. Huang et al[1] also found that the plasma concentrations of inflammatory
factors (such as IL-2, IL-7, and IL-10) in ICU patients with COID-19 were higher than
those of the non-ICU COVID-19 patients[1]. Studies have found that coronaviruses
(including SARS-CoV and SARS-CoV-2) can bind to target cells because of
angiotensin-converting enzyme 2 (ACE2), which may promote the proliferation of
SARS-CoV-2and enhance its ability to infect[41]. ACE inhibitors and type I angiotensin
II receptor blockers (ARBs) that are used in patients with type 1 or type 2 diabetes can
result in a significant increase in ACE2[41,42]. Besides ACE2, dipeptidyl peptidase-4
(DPP4) was also found to be a coronavirus receptor protein[43]. DPP4 inhibitors, one of
the glucose-lowering agents, are widely used in treatment of diabetes and known to
modify the biological activities of multiple immunomodulatory substrates[44]. The
potential role of DPP4 inhibition in preventing SARS-CoV-2 infection and progression
needs to be clarified in the future[44]. Previous studies found that ACE2 and DPP4 were
established transducers of metabolic signals and pathways regulating inflammation
and glucose homeostasis[43]. Guo et al[45] analyzed the biochemical indicators of diabetic
and non-diabetic patients in new coronavirus cases and found that compared with
non-diabetic patients, the levels of serum inflammation-related biomarkers, including
IL-6, C-reactive protein, serum ferritin, and D-dimer increased significantly in diabetic
patients (P < 0.01), suggesting that patients with diabetes might have a worse
prognosis[45]. Diabetes may not be related to the risk of COVID-19 infection, but it
could deteriorate clinical outcome of COVID-19 patients[46].
This study has some limitations. First, publication bias might exit in this metaanalysis. Second, due to the limitation of sample size and short study periods, limited
studies had completed follow-up of the COVID-19 patients and reported the results of
its impact on clinical outcomes.
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Figure 2 Meta-analysis for the prevalence of diabetes in coronavirus disease 2019 cases in China.

CONCLUSION
This study indicated that nearly one in ten COVID-19 patients have diabetes and
diabetes increases the risk of severe illness and death. Targeted public health measures
should be carried out timely to make the protection of patients with diabetes from
COVID-19 and other respiratory infections even better. More adequate and vigorous
research should be conducted to prove the associations found in this study.
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Figure 3 Forest plots for impact of diabetes on clinical outcomes. A: Intensive care unit vs non-intensive care unit; B: Severe vs non-severe; C: Death
vs survival. RR: Risk ratio; CI: Confidence interval.
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Figure 4 Funnel plots for impact of diabetes on clinical outcomes. A: Intensive care unit vs non-intensive care unit; B: Severe vs non-severe; and C:
Death vs survival.

Figure 5 Funnel plot for the prevalence of diabetes in coronavirus disease 2019 cases.
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ARTICLE HIGHLIGHTS
Research background
Coronavirus disease 2019 (COVID-19) has spread around the world rapidly. The
prevalence of diabetes varies across different studies. Previous studies showed that
COVID-19 patients with diabetes were prone to having poor clinical outcomes.
However, a systematical review of the prevalence of diabetes in COVID-19 patients
and the impact of diabetes on clinical outcomes has not been done in China.

Research motivation
We hypothesized that the presence of diabetes is associated with a poor prognosis. To
our knowledge, this is the first meta-analysis which focused on evaluating the
prevalence of diabetes among patients with COVID-19 infection in China and its
impact on clinical outcomes.

Research objectives
The aim of this study was to systematically evaluate the prevalence of diabetes among
COVID-19 patients in China and its impact on clinical outcomes, including ICU
admission, progression to severe cases, or death.

Research methods
A systematic review and meta-analysis of observational studies were performed.

Research results
Twenty-three eligible articles including 49564 COVID-19 patients (1573 with and 47991
without diabetes) were included. The pooled prevalence of diabetes was 10% [95%
confidence interval (CI): 7%-15%] in COVID-19 patients. In the subgroup analyses, the
pooled prevalence of diabetes was higher in studies on patients with a median age >
50 years (13%; 95%CI: 11%-16%) than studies on patients with a median age ≤ 50 years
(7%; 95%CI: 6%-8%), in severe patients (17%; 95%CI: 14%-20%) than in non-severe
patients (6%; 95%CI: 5%-8%), and in dead patients (30%; 95%CI: 13%-46%) than in
survivors (8%; 95%CI: 2%-15%, all P < 0.05). Compared with patients without diabetes,
the risks of severe cases [risk ratio (RR) = 2.13, 95%CI: 1.76-2.56, I2 = 49%] and death
(RR = 3.16, 95%CI: 2.64-3.78, I2 = 34%) were both higher in COVID-19 patients with
diabetes. However, diabetes was not found to be significantly associated with
admission to ICU (RR = 1.16, 95%CI: 0.15-9.11).

Research conclusions
Nearly one in ten COVID-19 patients have diabetes in China. Diabetes is associated
with a higher risk of severe illness and death. The present study suggested that
targeted early intervention is needed in COVID-19 patients with diabetes.

Research perspectives
A systematic review and meta-analysis of observational studies which summarizes the
evidence on this topic is meaningful. More adequate and vigorous research should be
conducted to prove the associations found in this study.
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