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Abstract
AIM: To systematically review the literature for studies investigating the potential effect of gender of dialysis patients on the immunogenicity of hepatitis B virus vaccines. 

METHODS: Literature searches were conducted by the MEDLINE and Google Scholar. The key words used included “hepatitis B (HB)”, “vaccine”, “dialysis”, “hemodialysis”, “sex”, “male” and “female”. Data of seroresponse to HB vaccine in clinical trials regarding sex of the recipients have been achieved and analyzed. Finally data from 19 clinical trials have been pooled and analyzed.

RESULTS: Analysis of response to HB vaccination in our dialysis population showed males significantly res​pond less to hepatitis B vaccination (P = 0.002, Z = 3.08) with no significant heterogeneity detected [P = 0.766; heterogeneity 2 = 14.30 (df = 19); I2 = 0%]. A reanalysis of the pooled data was conducted regarding the dialysis mode to evaluate potential differential impact of sex on HB vaccine response. Hemodialysis was the only subgroup that showed a significant difference regarding dialysis mode in response to HB vaccination regarding sex (P = 0.042, Z = 2.03).

CONCLUSION: This Meta-analysis showed significant effect for the sex of chronic kidney disease and dialysis patients on the immunogenicity of HB vaccine. This sex discrimination was most prominent among hemodialysis patients.

Key words: Hepatitis B virus vaccination; Hepatitis B virus; Immunogenicity; Dialysis patients; Gender; Sex
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Core tip: This study showed that gender of the dialysis patients is a significant factor affecting serresponse to hepatitis B vaccination (HBV) in the immunocompromised population of hemodialysis population. This gender bias was most significantly prominent when patients were under hemodialysis (vs other renal replacement thera​pies including peritoneal dialysis). The relevance of such a finding is to enable the practitioners to be alerted on the effects of HBV vaccinations in dialysis patients and give them clues to individualize vaccination protocols for patients with specific epidemiological characters. 
Khedmat H, Aghaei A, Ghamar-Chehreh ME, Agah S. Sex bias in response to hepatitis B vaccination in end-stage renal disease patients: Meta-analysis. World J Nephrol 2016; 5(1): 115-124  Available from: URL: http://www.wjgnet.com/2220-6124/full/v5/i1/115.htm  DOI: http://dx.doi.org/10.5527/wjn.v5.i1.115

INTRODUCTION
Hepatitis B virus (HBV) infection is one of the most widespread chronic viral infections in the world with two billion people infected worldwide, and a matter of substantial amounts of financial and health burden throughout the world[1]. The significance of HBV infection in dialysis setting is even higher, because of the high rate of infection due to contaminations, transfusions and injections, and also the high rate of associated survival disadvantage[2]. To tackle this problem in this population, hygienic precautions have been developed whose effectiveness has been very well established[3]. Nevertheless, despite all the precautions, there are still a relatively large proportion of dialysis patients who develop the infection[4]. For the same reason, hepatitis B vaccination is an inevitable part of any preventive protocol that has been developed and proposed by health societies for the dialysis setting[5]. 

As mentioned, vaccination against HBV infection, though very effective, has not thoroughly eradicated the infection in the dialysis patients[6]. It has been shown that seroconversion due to HBV vaccination in dialysis patients is not perfect; and systematic reviews have shown that there are a number of factors adversely affecting response rate to HBV vaccination in dialysis patients. Erythropoietin use, diabetes mellitus, dialysis mode, vaccine administration mode, adjuvant use, vaccine type (recombinant vs plasma-derived), and the effect of age and nutritional status of dialysis patients on the immunogenicity of HBV vaccine are among them. Considering these factors, in a previous paper we pro​posed individualization of HBV vaccination in dialysis patients based on the epidemiology of the associated factors in their patient population. In the current paper, we systematically review the existing literature for studies investigating the potential effect of sex of dialysis patients on the immunogenicity of HBV vaccines in their patient population. 

MATERIALS AND METHODS
Search strategy and data acquisition 
The literature has been searches through the National Library of Medicine’s (MEDLINE) database, and Google Scholar; the latter database has been particularly used to find relevant citations of the trials of interest; as well, specific journals have been searched to identify all the associated evidence. The key words used included “hepatitis B”, “vaccine”, “dialysis”, “hemodialysis”, “haemodialysis”, “peritoneal dialysis”, “gender”, “sex”, “male” and “female”. The search has also been repeated using the reference lists of the associated systematic reviews and meta-analyses. There was no restriction in regard to the time of publication for our searches; and all the studies fulfilling the inclusion criteria were included into the analysis, irrespective of their publication year.

Inclusion and exclusion criteria

We used a number of inclusion criteria for the found studies in this systematic review: (1) they had to be available as full text (wherever the full text was not available, we contacted the corresponding author with a kind requests for the full text papers); and (2) their data is presented in a form that could be used construct a database for meta analysis were considered eligible for inclusion. There was no restriction regarding the type of vaccines employed in the trials and they were included into the meta-analysis if their vaccine was either plasma-derived or recombinant DNA preparations. The administered dosages or follow up times or vaccination routs were also not subjects to any preferable inclusion or exclusion. Studies were excluded if: (1) they reported not data on response to HBV vaccination separately for either gender in term of epidemiology of seroconversion for either gender groups; and (2) trials were published as abstracts with no enough methodology description. 

End point

The association of the gender of dialysis patients has been associated with seroresponse to HB vaccine in the included trials. In cases both seroprotection and seroconversion had been reported by the included trials, seroconversion has been used as the end-point.

Source of support

This meta-analysis was not supported by any pharma​ceutical company. The source of support in this study is a grant from Baqiyatallah University of Medical Sciences, Tehran, Iran.

Literature review

After excluding studies not fulfilling inclusion criteria, 19 clinical trials[7-25] have been remained whose demo​graphic data is summarized in Table 1. Demographic data of the 1709 dialysis patients reported in the 19 published papers included in this meta-analysis is presented in Table 2. Details of the vaccination appro​aches employed in the studies is summarized in Table 3.
Statistical analysis

The Meta analysis has been performed using a random-effects approach. Test of heterogeneity between the studies has been assessed using the I2 statistics, which describes the proportion of total variation across studies that is the result of heterogeneity rather than chance. Statistical heterogeneity was present, defined as P ≤ 0.05 or I2 > 50%. All statistical analyses was conducted using “metan” user-written commands. The meta-analysis has been performed using software Stata v.9.0 (Stata corp, TX, United States). 

RESULTS
Patient characteristics

Demographic and clinical characteristics of the included trials have been summarized in Table 1. All of the included clinical trials were published in English and the date of publication ranged from 1994 to 2014. Eight out of the nineteen studies (42%) were from the Middle East [Turkey (4), Iran (2), Saudi Arabia and Egypt each one study] and the remaining were from Canada (3 studies), United States (3 studies), China and Taiwan (3 studies), and United Kingdom and Brazil (1 study, each). In 10 (52.6%) studies, all patients were under hemodialysis while in two (10.5%) only patients under continuous ambulatory peritoneal dialysis (CAPD) was investigated, in 2 (10.5%) patients were chronic kidney disease (CKD) not on renal replacement therapy, in one study patients were either on maintenance hemodialysis or CKD not on dialysis, and in the remaining 4 (21%) studies, both of the dialysis modes were used. 

Mean age of the participants in the included cohorts ranged from 44 to 61 years, mean duration of dialysis also ranged from 3.4 to over 80 mo and gender distribution ranged from 35% to 75% in favor of males (Table 2). In two of the studies intradermal mode of vaccination has been used besides the intramuscular mode, and in one study only intradermal mode of vaccine administration had been used. In only one study, some of the patients received plasma-derived vaccines, while in all others, the vaccine was recombinant productions. In 13 trials with intramuscular administration of the vaccine, 40 mcg had been prescribed in all patients, in one study either 40 or 80 mcg was used, and in one another 20, 40 or 80 mcg were used for vaccination. Intradermal administration of vaccine was used in doses ranging from 5 mcg to 20 mcg in different trials. One study had not declared mode of vaccine administration. Schedule of vaccination in four of the studies was 3 times (with different time intervals) and in the others but one, were a 4-times schedule (0, 1, 2, 6). In the remaining one trial, patients either received a 3 or 4 times vaccine administration schedule.

Summary of outcome

Analysis of response to HB vaccination in our dialysis population showed a significant relation to their gender with females significantly responding a better response to vaccination (P = 0.002, Z = 3.08; Figure 1). As well no significant heterogeneity has been detected in the analysis of the included studies [P = 0.766; heterogeneity 2 = 14.30 (df = 19); I2 = 0%].

Reanalysis regarding dialysis mode

Then, a reanalysis of the pooled data was conducted regarding the dialysis mode to evaluate potential differential impact of gender on HB vaccine response. Hemodialysis was the only subgroup that showed a significant difference regarding dialysis mode in response to HB vaccination regarding gender and in other subgroups, gender was not discriminatory factor in vaccine response (Figure 2; HD group: P = 0.042, Z = 2.03; CAPD group: P = 0.136, Z = 1.49; HD/CAPD group: P = 0.618, Z = 0.5; CKD group: P = 0.302, Z = 1.03; CKD/HD group: P = 0.448, Z = 0.76).

Reanalysis regarding vaccination schedule

Again, the data had been reanalyzed regarding potential effect of vaccination schedule between the patient groups on the differential vaccine response regarding gender of the patients. Despite a relatively lower p value achieved for schedule “4 times vaccination”, none of the subgroups showed any significant difference (Figure 3; “4 times vaccination” group: P = 0.055, Z = 1.92; “3 times vaccination” group: P = 0.088, Z = 1.71; “others” group: P = 0.393, Z = 0.86).

Reanalysis regarding vaccine type

The data then had been reanalyzed after removing the only trial in which a plasma-derived vaccine had been used, in order to censor potential effects of vaccine type on the study results. Nonetheless, the findings didn’t change significantly (“Recombinant vaccine” group: P = 0.014, Z = 2.47; “Recombinant or plasma-derived vaccines” group: P = 0.288, Z = 1.06).

DISCUSSION
In the dialysis setting, HBV vaccination has been confirmed as an essential part of immunization, and guidelines proposed by several experts as well as health organizations almost universally recommended this procedure for this patient population[5,26,27]. These recommendations are despite the fact that patients with advanced kidney diseases have compromised immune system function, and cannot well respond to any immunization attempt made through vaccination. 

The impaired immunogenicity in renal disease patients has been explained by different mechanisms, most notably impaired cellular immunity system in this population[28-30]. However, clinical trials have also proposed several other factors having predictive values in this era; but due to the controversial evidence pro​vided by different reports, systematic reviews and meta-analyses have been conducted to pool data of all the published trials to provide a thorough conclusion from the cumulative data. Most of the published systematic reviews on this subject have been performed by Fabrizi et al[31] investigating potential effects of a large number of factors on HBV vaccination in dialysis patients. For example they found no significant effects for using erythropoetin (Epo)[31] and some other adjuvants[32] on the immunogeneity of HB vaccination in kidney disease patients; while several other factors significantly associated with seroconversion have also been reported by the same authors that included use of levamisole[33], granulocyte macrophage-colony stimulating factor[32] and thymopentin use[34]. Seroresponse of patients on maintenance hemodialysis vs peritoneal dialysis showed no significant difference[35]; whereas intradermal (vs intramuscular) administration of HB vaccine had been associated with a significantly higher vaccine response[36]. Diabetes mellitus[37] and older age[38] were also significantly associated with poorer response to HB vaccination.

Very limited data coming from the previous clinical trials proposes that gender is a major interfering factor in the context of HB vaccine immunogenicity[9]. On the other hand, most of the existing clinical trials represent no significant role for gender on response to HB vaccination, either in kidney disease patients[7,10] or other end-stage organ disease patients[39]. However, the patient population in each of the clinical trials was limited, and in case there is a delicate difference in seroresponse to HB vaccine between the two genders, it can be easily lost. In fact, looking to most of the included clinical trials, males had relatively but not statistically significantly less percentages of response rate to HB vaccination[10,13]. This urged us to conduct this meta-analysis to pool the existing data to represent a universal outlook to the issue.

This meta-analysis showed that in the kidney disease setting, males significantly represent lower seroconversion due to HB vaccination than females. This finding is of clinical relevance. In a previous study, it had been proposed that immunization against HB in dialysis patients should be individualized based on factors that significantly affect seroresponse in these patients[6]. So, according to the data derived from the current meta-analysis, male patients should be more rigorously surveyed after HB vaccination in dialysis setting. Moreover, future studies are recommended to find more potent immunization programs especially in this vulnerable population.

For having a more precise view on the subject, the data has been reanalyzed after stratifying the included trials based on their patients’ dialysis mode, and found that the observed sex bias in the seroconversion due to HB vaccine was only significant in hemodialysis patients, and no significant difference has been observed for patients on peritoneal dialysis or CKD patients not on dialysis. Although on one hand this finding may urge us to pay more attention in men under maintenance hemodialysis therapy, we should have in mind that lack of detecting any sex discrimination in other study groups may be simply due to the comparatively limited sample size in the latter groups. 

Once again, the data has been stratified based on their vaccination schedule, mainly in patients receiving 3 or 4 doses of vaccination. Although in none of the two schedules any significant difference in the seroresponse to HB vaccination has been detected regarding patients’ sex, those on 4 times vaccination schedule represented a P value of 0.055 for sex; which might be of some value for some investigators. 

Although this study is of some limitations, we believe that the findings of this study add significantly to the literature, and helps specialists to monitor their kidney disease patients more effectively and protect them against HBV infection attainment. This systematic review represents the strongest evidence on the significance of sex on the seroresponse to HB vaccination in kidney disease patients with males having more impaired immune response to the vaccination. Moreover, this sex bias was significantly more prominent among hemodialysis (vs other therapeutic procedures) patients, and in those on 4 times vaccination schedule (vs 3 times), although the latter failed to reach the significance level. It should also be mentioned that the age range of the included patients in the current meta-analysis (44-61 years) is much younger than the general age of the dialysis population, which might put some limitations in the globalization of our study results. In conclusion, this Meta analysis showed significant effect for the sex of CKD and dialysis patients on the immunogenicity of HB vaccine, with a better response for females. This sex discrimination was most prominent among hemodialysis patients. This finding suggests us to specify a sex-dependent vaccine dosage administration for patients with kidney disease. Future studies directing to find strategies with more efficacy, as well as surveys directing to find other interfering factors in this regard are recommended.

COMMENTS
Background

Dialysis patients are substantially at higher risk of developing hepatitis B virus (HBV) infection, so preventive measures are of extreme importance in this population. Anti-HBV vaccination has been the most popular preventive strategy in this population for a long time; nonetheless, its feasibility in this population has been under serious doubt. Several factors have been documented as players of significant roles in the seroresponse to HBV vaccination. 

Research frontiers

During the past decades, several surveys have been performed to unveil the potential associations between dialysis patients demographic data and their seroresponse to HBV vaccination. Moreover, several systematic reviews as well as meta analyses were published to investigate these associations using pooled data of the randomized trials. To the authors’ knowledge, this is the first meta-analysis that have ever investigated an citation between dialysis patents gender and their seroconversion rate after HBV vaccination. 

Innovations and breakthroughs
Based on the current meta-analysis, gender is a significant factor determining response to HBV vaccination in kidney disease patients, with females significantly better responding to the vaccination. This may led future scientists to develop some individualized vaccination protocols that improve the response rate of the males to the vaccination.

Applications 

Sex is a significant factor predicting seroresponse to HBV vaccination. Cumulation of data of different factors playing roles in this context can help authors to develop specific vaccination protocols for specific groups that maximizes immunization rate in this population. 

Terminology

Hemodialysis is a type of renal replacement therapy which purifies the blood from unwanted materials in a way similar to kidney function. Peritoneal dialysis is a type of renal replacement therapy that uses peritoneal space for purification of the blood contents using dialysates getting injected into it. Chronic kidney disease patients are those who have significant renal function disturbance without a need to renal replacement therapy. 

Peer-review

The paper is well-written and the results have potential clinical applications.

REFERENCES
1
Lavanchy D. Hepatitis B virus epidemiology, disease burden, treatment, and current and emerging prevention and control measures. J Viral Hepat 2004; 11: 97-107 [PMID: 14996343 DOI: 10.1046/j.1365-2893.2003.00487.x]

2
Kunisaki KM, Janoff EN. Influenza in immunosuppressed populations: a review of infection frequency, morbidity, mortality, and vaccine responses. Lancet Infect Dis 2009; 9: 493-504 [PMID: 19628174 DOI: 10.1016/S1473-3099(09)70175-6]

3
Najem GR, Louria DB, Thind IS, Lavenhar MA, Gocke DJ, Baskin SE, Miller AM, Frankel HJ, Notkin J, Jacobs MG, Weiner B. Control of hepatitis B infection. The role of surveillance and an isolation hemodialysis center. JAMA 1981; 245: 153-157 [PMID: 7452830 DOI: 10.1001/jama.245.2.153]

4
Harnett JD, Zeldis JB, Parfrey PS, Kennedy M, Sircar R, Steinmann TI, Guttmann RD. Hepatitis B disease in dialysis and transplant patients. Further epidemiologic and serologic studies. Transplantation 1987; 44: 369-376 [PMID: 2820093 DOI: 10.1097/00007890-198709000-00009]

5
Fabrizi F, Lunghi G, Martin P. Hepatitis B virus infection in hemodialysis: recent discoveries. J Nephrol 2002; 15: 463-468 [PMID: 12455711]

6
Khedmat H, Izadi M, Alavian SM. Hepatitis B Virus Vaccination in Hemodialysis Patients: A Necessity for Individualizing of Immunization? Int J Travel Med Glob Health 2013; 1: 37-38

7
Khan AN, Bernardini J, Rault RM, Piraino B. Low seroconversion with hepatitis B vaccination in peritoneal dialysis patients. Perit Dial Int 1996; 16: 370-373 [PMID: 8863329]

8
Chow KM, Law MC, Leung CB, Szeto CC, Li PK. Antibody response to hepatitis B vaccine in end-stage renal disease patients. Nephron Clin Pract 2006; 103: c89-c93 [PMID: 16534237 DOI: 10.1159/000092016]

9
Kara IH, Yilmaz ME, Suner A, Kadiroglu AK, Isikoglu B. The evaluation of immune responses that occur after HBV infection and HBV vaccination in hemodialysis patients. Vaccine 2004; 22: 3963-3967 [PMID: 15364445 DOI: 10.1016/j.vaccine.2004.04.001]

10
Afsar B, Elsurer R, Eyileten T, Yilmaz MI, Caglar K. Antibody response following hepatitis B vaccination in dialysis patients: does depression and life quality matter? Vaccine 2009; 27: 5865-5869 [PMID: 19654067 DOI: 10.1016/j.vaccine.2009.07.055]

11
Charest AF, McDougall J, Goldstein MB. A randomized comparison of intradermal and intramuscular vaccination against hepatitis B virus in incident chronic hemodialysis patients. Am J Kidney Dis 2000; 36: 976-982 [PMID: 11054354 DOI: 10.1053/ajkd.2000.19099]

12
Liu YL, Kao MT, Huang CC. A comparison of responsiveness to hepatitis B vaccination in patients on hemodialysis and peritoneal dialysis. Vaccine 2005; 23: 3957-3960 [PMID: 15917117 DOI: 10.1016/j.vaccine.2005.02.033]

13
Waite NM, Thomson LG, Goldstein MB. Successful vaccination with intradermal hepatitis B vaccine in hemodialysis patients previously nonresponsive to intramuscular hepatitis B vaccine. J Am Soc Nephrol 1995; 5: 1930-1934 [PMID: 7620090]

14
Ibrahim S, el-Din S, Bazzal I. Antibody level after hepatitis-B vaccination in hemodialysis patients: impact of dialysis adequacy, chronic inflammation, local endemicity and nutritional status. J Natl Med Assoc 2006; 98: 1953-1957 [PMID: 17225840]

15
Lin SY, Liu JH, Wang SM, Wang IK, Tsai CA, Liu YL, Lin HH, Chang CC, Huang CC. Association of response to hepatitis B vaccination and survival in dialysis patients. BMC Nephrol 2012; 13: 97 [PMID: 22935561 DOI: 10.1186/1471-2369-13-97]

16
Sit D, Kadiroglu AK, Kayabasi H, Yilmaz Z, Yilmaz ME. The effect of inflammatory reactions on antibody unresponsiveness to hepatitis B vaccine in hemodialysis patients. Hepat Mon 2007; 7: 15-19

17
DaRoza G, Loewen A, Djurdjev O, Love J, Kempston C, Burnett S, Kiaii M, Taylor PA, Levin A. Stage of chronic kidney disease predicts seroconversion after hepatitis B immunization: earlier is better. Am J Kidney Dis 2003; 42: 1184-1192 [PMID: 14655190 DOI: 10.1053/j.ajkd.2003.08.019]

18
Roozbeh J, Moini M, Lankarani KB, Sagheb MM, Shahpoori S, Bastani B. Low dose intradermal versus high dose intramuscular hepatitis B vaccination in patients on chronic hemodialysis. ASAIO J 2005; 51: 242-245 [PMID: 15968954 DOI: 10.1097/01.MAT.0000161935.66158.97]

19
Al Saran K, Sabry A, Al Halawany Z, Ismail M. Factors affecting response to hepatitis B vaccine among hemodialysis patients in a large Saudi Hemodialysis Center. Saudi J Kidney Dis Transpl 2014; 25: 185-191 [PMID: 24434410 DOI: 10.4103/1319-2442.124572]

20
Eardley KS, Jones HE, Osman H, Smith SA. Efficacy of the accelerated hepatitis B vaccination schedule used in haemodialysis patients post-exposure to virus: a single-centre experience. Nephrol Dial Transplant 2002; 17: 1982-1987 [PMID: 12401857 DOI: 10.1093/ndt/17.11.1982]

21
Ocak S, Eskiocak AF. The evaluation of immune responses to hepatitis B vaccination in diabetic and non-diabetic haemodialysis patients and the use of tetanus toxoid. Nephrology (Carlton) 2008; 13: 487-491 [PMID: 18331434 DOI: 10.1111/j.1440-1797.2008.0093 6.x]

22
Morais EO, Resende MR, Oliveira AM, Sinkoc VM, Garcia MT, Angerami RN, da Silva LJ. Intradermal hepatitis B vaccination in patients with advanced chronic renal failure: immunogenicity and follow-up. Aliment Pharmacol Ther 2007; 25: 849-855 [PMID: 17373924 DOI: 10.1111/j.1365-2036.2007.03210.x]

23
Taheri S, Shahidi S, Moghtaderi J, Seirafian S, Emami A, Eftekhari SM. Response rate to hepatitis B vaccination in patients with chronic renal failure and end-stage-renal-disease: Influence of diabetes mellitus. J Res Med Sci 2005; 10: 384-390

24
Dacko C, Holley JL. The influence of nutritional status, dialysis adequacy, and residual renal function on the response to hepatitis B vaccination in peritoneal dialysis patients. Adv Perit Dial 1996; 12: 315-317 [PMID: 8865927]

25
Fraser GM, Ochana N, Fenyves D, Neumann L, Chazan R, Niv Y, Chaimovitch S. Increasing serum creatinine and age reduce the response to hepatitis B vaccine in renal failure patients. J Hepatol 1994; 21: 450-454 [PMID: 7836717 DOI: 10.1016/​S0168-8278(05)80327-7]

26
Miller ER, Alter MJ, Tokars JI. Protective effect of hepatitis B vaccine in chronic hemodialysis patients. Am J Kidney Dis 1999; 33: 356-360 [PMID: 10023650 DOI: 10.1016/S0272-6386(99)70312-4]

27
Rangel MC, Coronado VG, Euler GL, Strikas RA. Vaccine recommendations for patients on chronic dialysis. The Advisory Committee on Immunization Practices and the American Academy of Pediatrics. Semin Dial 2000; 13: 101-107 [PMID: 10795113 DOI: 10.1046/j.1525-139x.2000.00029.x]

28
Kurz P, Köhler H, Meuer S, Hütteroth T, Meyer zum Büschenfelde KH. Impaired cellular immune responses in chronic renal failure: evidence for a T cell defect. Kidney Int 1986; 29: 1209-1214 [PMID: 3489122 DOI: 10.1038/ki.1986.129]

29
Girndt M, Sester U, Sester M, Kaul H, Köhler H. Impaired cellular immune function in patients with end-stage renal failure. Nephrol Dial Transplant 1999; 14: 2807-2810 [PMID: 10570074 DOI: 10.1093/ndt/14.12.2807]

30
Pesanti EL. Immunologic defects and vaccination in patients with chronic renal failure. Infect Dis Clin North Am 2001; 15: 813-832 [PMID: 11570143 DOI: 10.1016/S0891-5520(05)70174-4]

31
Fabrizi F, Dixit V, Martin P, Messa P. Erythropoietin use and immunogenicity of hepatitis B virus vaccine in chronic kidney disease patients: a meta-analysis. Kidney Blood Press Res 2012; 35: 504-510 [PMID: 22813903 DOI: 10.1159/000335956]

32
Fabrizi F, Ganeshan SV, Dixit V, Martin P. Meta-analysis: the adjuvant role of granulocyte macrophage-colony stimulating factor on immunological response to hepatitis B virus vaccine in end-stage renal disease. Aliment Pharmacol Ther 2006; 24: 789-796 [PMID: 16918882 DOI: 10.1111/j.1365-2036.2006.03035.x]

33
Fabrizi F, Dixit V, Messa P, Martin P. Meta-analysis: levamisole improves the immune response to hepatitis B vaccine in dialysis patients. Aliment Pharmacol Ther 2010; 32: 756-762 [PMID: 20662784 DOI: 10.1111/j.1365-2036.2010.04410.x]

34
Fabrizi F, Dixit V, Martin P. Meta-analysis: the adjuvant role of thymopentin on immunological response to hepatitis B virus vaccine in end-stage renal disease. Aliment Pharmacol Ther 2006; 23: 1559-1566 [PMID: 16696803 DOI: 10.1111/​j.1365-2036.2006.02923.x]

35
Fabrizi F, Dixit V, Bunnapradist S, Martin P. Meta-analysis: the dialysis mode and immunological response to hepatitis B virus vaccine in dialysis population. Aliment Pharmacol Ther 2006; 23: 1105-1112 [PMID: 16611270 DOI: 10.1111/​j.1365-2036.2006.02877.x]

36
Fabrizi F, Dixit V, Messa P, Martin P. Intradermal vs intramuscular vaccine against hepatitis B infection in dialysis patients: a meta-analysis of randomized trials. J Viral Hepat 2011; 18: 730-737 [PMID: 20819147 DOI: 10.1111/j.1365-2893.2010.01354.x]

37
Fabrizi F, Dixit V, Martin P, Messa P. Meta-analysis: the impact of diabetes mellitus on the immunological response to hepatitis B virus vaccine in dialysis patients. Aliment Pharmacol Ther 2011; 33: 815-821 [PMID: 21281319 DOI: 10.1111/j.1365-2036.2011.0458 9.x]

38
Fabrizi F, Martin P, Dixit V, Bunnapradist S, Dulai G. Meta-analysis: the effect of age on immunological response to hepatitis B vaccine in end-stage renal disease. Aliment Pharmacol Ther 2004; 20: 1053-1062 [PMID: 15569107 DOI: 10.1111/​j.1365-2036.2004.02264.x]

39
Bonazzi PR, Bacchella T, Freitas AC, Osaki KT, Lopes MH, Freire MP, Machado MC, Abdala E. Double-dose hepatitis B vaccination in cirrhotic patients on a liver transplant waiting list. Braz J Infect Dis 2008; 12: 306-309 [PMID: 19030730 DOI: 10.1590/S1413-86702008000400009]

Figure Legends
[image: image1.png]%
» RR (95%CI) Weight
Abdul N Khan 0.85 (0.63, 1.14) 5.80
Tsmail Hamdi Kara 0.27 (0.07, 0.95) 1.03
ris 0.89 (0.75, 1.04) 1234
Charest ID 072 (0.38, 1.38) 155
Charest IM 0.87 (0.39, 1.94) 1.09
Kevin S Eardley S 1.09 (0.84, 1.43) 5.01
Ocak et af*! 0.86 (0.46, 1.59) 2.49
Yao-Lung Liu — 053 (0.19, 1.50) 154
E O MOJ 097 (0.78,1.22) 4.85
Nancy M Waite 079 (0.61, 1.01) 526
Sh Taheri 094 (0.79, 1.11) 8.49
Shih-¥i Lin 1.07 (0.8, 1.31) 891
Kai Ming Chow 0.83 (0.64, 1.09) 5.66
Carol Dacko 0.82 (0.4, 1.09) 166
Gerald DaRoza 093 (0.81, 1.07) 1129
Jamshid Roozbeh 097 (0.61, 1.52) 288
Gerald M Fraser 071 (0.38, 1.35) 243
Salwa Tbrahim 092 (0.74,1.13) 234
Dede Sit 0.94 (0.70, 1.26) 4.17
Khalid Al Saran 0.97 (0.87, 1.09) 11.20
Overall (7 = 0.0%, P = 0.766) 091 (0.86,097)  100.00





Figure 1  Forest plot: Meta-analysis of the association between gender of the end-stage renal disease patients and seroresponse to hepatitis B vaccination.
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Figure 2  Forest plot: Meta-analysis of the association between gender of the end-stage renal disease patients and seroresponse to hepatitis B vaccination in patients with different therapy modality.
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Figure 3  Forest plot: Meta-analysis of the association between gender of the end-stage renal disease patients and seroresponse to hepatitis B vaccination in patients with different vaccination schedules.
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Table 1  Basic demographic data of the included clinical trials


Study ID


�
First author 


�
Ref.


�
Year of publish


�
Country of origin


�
Participant number


�
Dialysis mode


�
�
1


�
Abdul N Khan


�
  [7]


�
1996


�
United States


�
  97


�
HD and CAPD 


�
�
2


�
Kai Ming Chow


�
  [8]


�
2010


�
China 


�
  87


�
CAPD 


�
�
3


�
Ismail Hamdi Kara


�
  [9]


�
2004


�
Turkey


�
  34


�
HD


�
�
4


�
Baris Afsar


�
[10]


�
2009


�
Turkey


�
188


�
HD


�
�
5 (ID) 6 (IM)


�
Andre F Charest


�
[11]


�
2000


�
Canada 


�
  97


�
HD


�
�
7


�
Yao-Lung Liu


�
[12]


�
2005


�
Taiwan 


�
  69


�
HD and CAPD


�
�
8


�
Nancy M Waite


�
[13]


�
1995


�
Canada


�
  77


�
HD


�
�
9


�
Salwa Ibrahim


�
[14]


�
2006


�
Egypt 


�
  29


�
HD


�
�
10


�
Shih-Yi Lin


�
[15]


�
2012


�
Taiwan 


�
156


�
HD and CAPD


�
�
11


�
Dede sit


�
[16]


�
2007


�
Turkey 


�
  64


�
HD


�
�
12


�
Gerald DaRoza


�
[17]


�
2003


�
Canada 


�
165


�
CKD


�
�
13


�
Jamshid Roozbeh


�
[18]


�
2005


�
Iran


�
  62


�
HD


�
�
14


�
Khalid Al Saran


�
[19]


�
2014


�
Saudi Arabia


�
144


�
HD


�
�
15


�
Kevin S Eardley


�
[20]


�
2002


�
United Kingdom


�
105


�
HD


�
�
16


�
Sabahattin Ocak


�
[21]


�
2008


�
Turkey 


�
  49


�
HD


�
�
17


�
EO Morais


�
[22]


�
2007


�
Brazil


�
  70


�
CKD


�
�
18


�
Sh Taheri


�
[23]


�
2005


�
Iran


�
125


�
CKD (32), HD (93)


�
�
19


�
Carol Dacko


�
[24]


�
1996


�
United States


�
  32


�
CAPD 


�
�
20


�
Gerald M Fraser


�
[25]


�
1994


�
United States


�
  59


�
HD and CAPD


�
�
CAPD: Continuous ambulatory peritoneal dialysis; HD: Hemodialysis; ID: Intra-dermal; IM: Intramuscular.





Table 2  Demography of the participants in the studies included in the meta-analysis


Author 


�
Ref.


�
Age (mean ± SD)


�
Gender male (%)


�
Duration of dialysis (mo)


�
�
Abdul N Khan


�
  [7]


�
47 ± 14 (CAPD)


�
26(55%; CAPD)


�
18 ± 23 (CAPD)


�
�
�
�
51 ± 18 (HD)


�
26 (52%; HD)


�
56 ± 73 (HD)


�
�
Kai Ming Chow


�
  [8]


�
60 ± 11


�
51/87 (59)


�
5.8 (median)


�
�
Ismail Hamdi Kara


�
  [9]


�
44 ± 15


�
  19 (56)


�
27 ± 15


�
�
Baris Afsar


�
[10]


�
NA (for total)


�
  66 (35)


�
NA (for total)


�
�
Andre F Charest


�
[11]


�
52 ± 2 (ID)


�
  73 (75)


�
3.4 ± 1.0 (ID)


�
�
�
�
46 ± 2 (IM)


�
�
4.8 ± 2.0 (IM)


�
�
Yao-Lung Liu


�
[12]


�
52 ± 16 (CAPD)


�
  28 (41)


�
43 ± 33 (CAPD)


�
�
�
�
61 ± 11 (HD)


�
�
60 ± 49 (HD)


�
�
Nancy M Waite


�
[13]


�
NA (for total)


�
  49 (64)


�
NA (for total)


�
�
Salwa Ibrahim


�
[14]


�
46 ± 11


�
  19 (66)


�
80 ± 59


�
�
Shih-Yi Lin


�
[15]


�
NA(for total)


�
 64/156(41)


�
NA


�
�
Dede sit


�
[16]


�
NA (for total)


�
  31 (48)


�
NA (for total)


�
�
Gerald DaRoza


�
[17]


�
60 ± 15


�
106 (46)


�
NA


�
�
Jamshid Roozbeh


�
[18]


�
NA(for total)


�
37/62 (60)


�
NA


�
�
Khalid Al Saran


�
[19]


�
51 ± 15


�
78/66 (54)


�
40


�
�
Kevin S Eardley


�
[20]


�
61 ± 13


�
58/47 (55)


�
18


�
�
Sabahattin Ocak


�
[21]


�
54 ± 13


�
56/30 (65)


�
30 ± 18


�
�
EO Morais


�
[22]


�
54.5 (median)


�
  40 (57)


�
26


�
�
Sh Taheri


�
[23]


�
50 ± 17


�
  77 (62)


�
NA


�
�
Carol Dacko


�
[24]


�
NA (for total)


�
  19 (59)


�
NA (for total)


�
�
Gerald M Fraser


�
[25]


�
NA (for total)


�
117 (58)


�
NA


�
�
SD: Standard deviation; CAPD: Continuous ambulatory peritoneal dialysis; HD: Hemodialysis; NA: Not available; ID: Intra-dermal; IM: Intramuscular.





Table 3  Vaccination information details in the included clinical trials


Author 


�
Ref.


�
Vaccination mode


�
Vaccine type


�
Vaccine dose


�
Schedule (mo)


�
�
Abdul N Khan


�
[7]


�
IM


�
Recombinant (Engerix-B)


�
40 mcg


�
0, 1, (2), 6


�
�
Kai Ming Chow


�
[8]


�
IM


�
Recombinant (Engerix-B)


�
40 mcg and 80 mcg 


�
0, 1, 6


�
�
Ismail Hamdi Kara


�
[9]


�
IM


�
Recombinant (Engerix-B)


�
40 mcg


�
0, 1, 2, 6


�
�
Baris Afsar


�
[10]


�
IM


�
Recombinant 


�
-


�
0, 1, 2, 6


�
�
Andre F Charest


�
[11]


�
ID and IM


�
Recombinant (Engerix-B)


�
40 mcg (IM); 5 mcg (ID)


�
0, 1, 2, 6


�
�
Yao-Lung Liu


�
[12]


�
IM


�
Recombinant (Engerix-B)


�
40 mcg


�
0, 1, 2, 6


�
�
Nancy M Waite


�
[13]


�
IM


�
Recombinant (Engerix-B)


�
40 mcg


�
0,1,2,6


�
�
Salwa Ibrahim


�
[14]


�
IM


�
Recombinant (Engerix-B)


�
40 mcg


�
0, 1, 2, 6


�
�
Shih-Yi Lin


�
[15]


�
IM


�
Recombinant (Engerix-B)


�
40 mcg


�
0, 1, 2, 6


�
�
Dede sit


�
[16]


�
IM


�
Recombinant (Hepavax)


�
40 mcg


�
0, 1, 2, 6


�
�
Gerald DaRoza


�
[17]


�
IM


�
Recombinant and plasma derived


�
20, 40 and 80 mcg


�
0, 1, 6


�
�
Jamshid Roozbeh


�
[18]


�
IM and ID


�
Recombinant (Herberbiovac-HB)


�
40 mcg (IM); 20 mcg (ID)


�
0, 1, 4


�
�
Khalid Al Saran


�
[19]


�
IM


�
Recombinant (Engerix-B)


�
40 mcg 


�
0, 1, 2, 6


�
�
Kevin S Eardley


�
[20]


�
IM


�
Recombinant (Aventis MSD)


�
40 mcg


�
0, 1, 2, 12


�
�
Sabahattin Ocak


�
[21]


�
IM


�
Recombinant  (Euvax-B)


�
40 mcg


�
0, 1, 2, 6


�
�
EO Morais


�
[22]


�
ID


�
Recombinant (Greencross)


�
2 × 5 mcg


�
16 injection within 8 wk


�
�
Sh Taheri


�
[23]


�
IM


�
Recombinant (Havana)


�
40 mcg


�
0, 1, 6


�
�
Carol Dacko


�
[24]


�
IM


�
Recombinant (Engerix)


�
40 mcg


�
0, 1, 2, 6


�
�
Gerald M Fraser


�
[25]


�
NA


�
Recombinant (Engerix-B)


�
20 mcg


�
0, 1, 2, 6


�
�
ID: Intra-dermal; IM: Intramuscular.
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