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a b s t r a c t

Background: Patients with chronic kidney disease (CKD) often fail to produce protective antibodies to
hepatitis B virus (HBV) surface antigen after vaccination. Diabetes mellitus (DM) is the most common
cause of CKD; however it is not clear whether it affects immunological response to HBV vaccine in these
patients.
Aims: We aimed to evaluate the immunological response to HBV vaccine in diabetic patients with CKD
by conducting a meta-analysis of the current literature.
Methods: Only studies that evaluated the seroprotection rate for diabetic against non-diabetic CKD
patients or the immunological response of these groups to HBV vaccine were included. We applied
the random effects model of DerSimonian and Laird, with heterogeneity (Q statistic), publication bias
(Egger and Begg test) and sensitivity analyses. The rate of patients showing seroprotective anti-HBsAg
titers (>10 IU/mL) at completion of HBV vaccination schedule in the diabetic versus the non-diabetic CKD
patients was set as our end-point of interest.
Results: We identified seven studies that fulfilled our inclusion criteria involving 15,073 unique patients

with CKD. Aggregation of study results showed a significant decrease in response rates among the diabetic
versus the non-diabetic patients [pooled odds ratio = 0.58 (95% CI 0.37–0.89), Q(6) = 11.3, I2 = 50%]. The
P-value was 0.07 for our test of heterogeneity.
Conclusions: Our meta-analysis determined that HBV vaccination’s seroprotection rate in diabetic CKD
patients is significantly lower than that in non-diabetic CKD patients. Therefore, using vaccine adju-
vants such as oral levamisole, granulocyte macrophage-colony stimulating factor or intradermal injection

might be advisable in these patients.

© 2010 Elsevier Ltd. All rights reserved.
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. Introduction

Chronic kidney disease (CKD) patients, including end stage renal
isease patients and those who are on maintenance dialysis, are
ighly vulnerable to be infected with blood born viruses such as
epatitis B virus (HBV). To avert HBV infection in these patients,
accination is the most effective primary preventive strategy [1–3].
onetheless, we well know that the compromised immune system

n these patients results in poor and non-persistent immunolog-
cal responses to HBV vaccination in comparison with individuals

ith intact renal function [4–6]. Today, diabetic nephropathy is the
ost common cause of CKD in both developing and industrialized
orld [7]. It is well known that diabetic patients have a compro-
ised immune system, and their immunological response to HBV

accine is less optimal than non-diabetic individuals; nevertheless,
he influence of this metabolic disease on seroconversion after HBV
accination is not well investigated in CKD patients and only a few
tudies on HBV vaccination of the renal disease patients with dia-
etes mellitus (DM) has been reported [8]. Therefore, in this review,
e aimed to investigate whether the suboptimal response to HBV

accination in CKD patients was further exacerbated by DM.

. Search strategy and data extraction

We conducted searches of MEDLINE, Scopus, ISI and Cochran
entral Register of Clinical Trials from 1995 to 2009 and confined
hese to English language studies to identify the relevant literature.
he keywords we used were different combinations of “Hepatitis B
accine” or “HBV vaccine” with the following terms: “ESRD”; “renal
ailure”; “dialysis” or “hemodialysis”; “chronic kidney disease” or
CKD”. Data were extracted by a single investigator; rechecked

wice; and entered in to Excel spreadsheets. The decision to include
r exclude a study and predefined assumptions were made and
greed by two authors before the meta-analysis (Fig. 1).

Fig. 1. Search strategy and study selection.
ccine 28 (2010) 3773–3777

3. Criteria for inclusion

We included both prospective and retrospective peer reviewed
published studies comparing the response rate in diabetic CKD
patients (study group) vs. non-diabetic CKD patients (control
group). We also included studies that had reported response rates
in both diabetic and non-diabetic subjects separately. Studies that
recruited dialysis patients were considered still eligible. Trials
of the plasma-derived and recombinant DNA HBV vaccine were
included. All dose schedules and routes of vaccine administration
were accepted as qualifying.

4. Ineligible studies

Studies that reported inadequate data on measures of response,
or included the individuals with positive serology for hepatitis B
virus surface antigen (HBsAg), antibodies to HBsAg (HBsAb) and
antibodies to hepatitis B virus core antigen (HBcAb) or HIV and
patients with concurrent administration of immunosuppressive
medicines were excluded.

5. End-points of interest

We evaluated the serological response to HBV vaccine in study
and control groups and compared the rate of patients with protec-
tive anti-HBs titers after completion of HBV vaccination schedule in
diabetic vs. non-diabetic patients. The level of antibody production
that defines seroprotection was 10 IU/mL across the studies.

6. Statistical methods

We omitted the data from patients who did not complete the
vaccination program thus; analysis was made per protocol, not
by intention to treat. The pooled odds ratios (OR) and their 95%
confidence interval (CI) for seroprotection rate after the comple-
tion of vaccine schedule in diabetic vs. non-diabetic patients were
computed by using the random effects model according to DerSi-
monian and Laird method. The Q statistic was used for quantifying
the heterogeneity; I2 was used to provide a measure of the degree
of inconsistency in the studies’ results. Sensitivity analysis using a
random effects model was also conducted to assess the robustness
of final results. The publication bias assessment was performed by
both Egger regression asymmetry test and Begger adjusted rank
correlation test for publication bias. Probability of 0.1 was con-
sidered significant for test of heterogeneity and publication bias
assessment tests. Every estimate in the figures is given with its 95%
confidence interval.

7. Results

We reviewed 139 citations and based on their titles and
abstracts, we obtained full texts of 59 potentially relevant study
reports. Only 8 studies had reported the seroprotection rate after
HBV vaccination in diabetic and non-diabetic patients with CKD
separately. One study was excluded because it only provided data
for subgroup of DMs that caused nephropathy [9]. Only one study
had compared diabetic and non-diabetic patients in two different
arms. A total of 15,073 individual patients were included in our
meta-analysis (Fig. 2). There were 8822 (58%) and 6251 individu-
als enrolled in study (diabetic) and control (non-diabetic) groups,

respectively. There were two reports of retrospective studies with
one and two arms [10,11]. Two studies were prospective cohorts of
two groups of patients [8,12]. Three studies had single arm prospec-
tive cohort designs [13–15]. Except in two studies that we could not
assure, in all other trials both study (diabetic) and control (non-
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Table 1
Characteristics of studies included in the analysis.

Ref. no. Authors Publication
year

Study design Patients (n)

[8] Ocak and Eskiocak 2008 Prospective 49
[10] Lacson et al. 2005 Retrospective 14,546
[11] Chin et al. 2003 Retrospective 97

It is previously determined that in individuals with normal
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ig. 2. Summary estimate of ORs of seroprotection rate of HBV vaccine in DM vs.
on-DM patients with CKD. Square areas do not correspond to study weights in
eta-analysis.

iabetic) groups, received the same vaccine dosage and schedule.
here was a 100% agreement between authors regarding final inclu-
ion and exclusion of studies according to the predefined inclusion
nd exclusion criteria.

. Patients’ characteristics

Some demographic and clinical characteristics of the subjects
nrolled are presented in Tables 1–3. All trials were published in
nglish language from 1995 to 2008. Three studies were from the
SA and two from Canada [10,11,13–15], one each from Turkey

nd Taiwan [8,12]. All patients had CKD. 92% (13,939/15,073) of
ubjects underwent standard hemodialysis and 8% (1134/15,073)
f subjects were receiving medical treatment. Mean age of subject
ohort ranged from 50 to 60 years of age; mean time requiring dial-

able 2
haracteristics and vaccine schedules of studies included in the analysis.

Ref. no. Authors Vaccine type Vaccine used Sche

[8] Ocak and Eskiocak Recombinant Euvax 0,1, 2
[10] Lacson et al. Recombinant Engerix and Recombivax 0, 1,
[11] Chin et al. Recombinant Recombivax 0, 1,
[12] Liu et al. Recombinant Engerix 0,1, 2
[13] DaRoza et al. Recombinant

plasma-derived
NR 0, 1,

[14] Moralis et al. Recombinant NR 2 × 1
[15] Waite et al. Recombinant Engerix 0,1, 2

M, intramuscular; ID, intradermal; NR, not-reported.

able 3
aseline characteristics of patients included in the analysis.

Ref. no. Authors Age (years) Male (%)

[8] Ocak and Eskiocak 55.1 63.2
[10] Lacson et al. 60.5 54
[11] Chin et al. 53.7 53.4
[12] Liu et al. 58 40.5
[13] DaRoza et al. 59.8 64
[14] Moralis et al. 54.5 57
[15] Waite et al. 50.1 63.6

D, hemodialysis; CAPD, continuous ambulatory peritoneal dialysis; CRF, chronic renal fa
[12] Liu et al. 2005 Prospective 69
[13] DaRoza et al. 2003 Prospective 166
[14] Moralis et al. 2007 Prospective 70
[15] Waite et al. 1995 Prospective 77

ysis ranged from <12 to 54 months; and gender distribution ranged
from 40% to 64% male (Table 3). As presented in Table 2, four studies
did not enroll subjects with a prior history of vaccination and who
had failed to respond to prior vaccination. Data of vaccine schedules
of the included studies are also shown in Table 2. Only, in one study
the vaccine was used intradermally with a reinforced schedule.

9. Summary estimates of outcome

Table 4 represents seroprotection rates in both study and con-
trol groups. Fig. 2 lists individual ORs with 95% confidence intervals
for seroprotection rates after HBV vaccination (diabetic vs. non-
diabetic subjects). The pooled OR was 0.58 (95% CI 0.37–0.89)
according to a random effects model. The test for heterogeneity
was significant [Q = 11.3 (df = 6), p = 0.07, I2 = 50%]; the publication
bias assessment according to Begg’s and Egger’s formulas was not
significant (PBegg = 0.2, PEgger = 0.16). The pooled OR was 0.81 (95%
CI 0.75–0.88) according to the fixed effect model (inverse variance
method). In sensitivity analysis, final estimation did not depend on
any single study result. Fig. 2 shows estimated pooled ORs (with
95% CI) after the completion of the vaccination schedules.

10. Discussion
renal function, diabetic patients show a lower seroprotection
rate than non-diabetic patients after HBV vaccination [16]. The
presence of DR3 and DR7 human leukocyte antigen (HLA) alle-
les in diabetic patients, and increased tolerance to stimulation

dule (months) Vaccine dose (�g) Route of injection Prior vaccine use

and 6 40 IM NR
6 and 0, 1, 2, 6 40 IM 0%
and 6 40 IM NR

and 6 40 IM 0%
and 6 0,1, 2 and 6 40 IM 0%

week 16 × 5 ID 61.4%
and 6 40 IM 0%

Anti-HCV+ (%) Time on dialysis (m) Treatment

NR 30.6 HD
6.3% 11.4 93% HD
0% <12 HD
21.7% 54.5 68.1% HD 31.9% CAPD
NR CRF
0% 26.4 HD 66% CAPD 1% CRF 30%
NR NR HD

ilure.
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Table 4
Summary of seroprotection rate after HBV vaccination in each study.

Ref. no. Authors Seroprotection (HBsAg-Ab > 10 IU/mL)

Study (diabetic) group % (n/N) Control (non-diabetic) group % (n/N)

[8] Ocak and Eskiocak 57.8 (11/19) 70 (21/30)
[10] Lacson et al.a NR NR
[11] Chin et al. 52 (25/48) 79 (39/49)
[12] Liu et al. 65 (13/20) 83.6 (41/49)
[13] DaRoza et al. 71.7 (33/46) 86.5 (103/119)
[14] Moralis et al. 77 (17/22) 83 (40/48)
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[
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[15] Waite et al. 78.5

a Raw data were not provided by the authors.

nd reduced cytokine secretions of peripheral blood mononu-
lear cells (PBMCs) are proposed as mechanisms that underlie
his impaired immunological response [17,18]. Diabetic nephropa-
hy is the most common cause of CKD. In these patients, as well
s aforementioned immunological mechanisms, uremia impairs
ntigen presentation, T-cell activation and subsequent antibody
roduction [19]. Therefore, theoretically seroconversion after HBV
accination should be reduced in diabetic CKD patients in com-
arison with non-diabetic CKD subjects. However, this difference
as not been adequately investigated and quantified. By conduct-

ng a meta-analysis of studies that reported frequency of DM in
esponders and non-responders, we determined that the pooled
R for seroprotection rates was significantly lower in diabetic vs.
on-diabetic CKD patients. Our primary analysis also showed that
tudy results were slightly heterogeneous. Discrepancies between
he type of vaccines used, vaccine schedules, patients’ character-
stics, history of subjects’ previous non-response to HBV vaccine
n some studies, degree of renal dysfunction and status of serum
lucose control in diabetic subjects can underlie this heterogene-
ty. Sensitivity analysis also demonstrated that our final result was
ot dependent on result of any single study. Our meta-analysis
ad both advantages and limitations. This meta-analysis aggre-
ated data of observational studies; therefore, the accuracy of the
esults might not be as robust as a meta-analysis of controlled
linical trials or prospective cohort studies with matched control
roups. The analysis did not find a significant publication bias and
his was a positive outcome of this study. This implies that the stud-
es’ findings and final summary estimate were not dependent on the
ample size of the studies included in analysis and that the chance
f missing relevant literature data was small. Robustness in sensi-
ivity analysis and non-significant publication bias underscore the
alidity of our summary estimate of the DM effect on immuno-
ogical responses to the HBV vaccine in CKD patients. The analyses

ere strengthened by vast number of patients available for analysis
n = 15,073).

Fabrizi et al. in two meta-analyses have shown that granulocyte
acrophage-colony stimulating factor (GM-CSF) and intrader-
al HBV vaccine injection significantly enhance immunological

esponses to HBV vaccine in patients with CKD [20,21]. Recently,
e have demonstrated in a meta-analysis that oral levamisole is

nother immune modulator that can be successfully administered
o these patients to boost their seroprotection rate after HBV vacci-
ation [22]. Based on the findings of this meta-analysis and the body
f other evidences, we strongly advise that diabetic CKD patients
eceive a vaccine adjuvant. Furthermore, intradermal HBV vacci-
ation is recommended to be applied in these patients instead of

ntramuscular vaccine injection.
1. Conclusion

Diabetes mellitus significantly decreases the seroprotection rate
f HBV vaccine in chronic kidney disease patients. Using vaccine

[

[

) 73 (46/63)

adjuvants such as oral levamisole, granulocyte macrophage-colony
stimulating factor or intradermal injection might be advisable in
these patients.
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