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AbstratThe aim of this projet is to study the o-infetion by regressing marginal assoiation andsubjet heterogeneity of hepatitis C virus (HCV) and hepatitis B virus (HBV) on behavioralrisk fators among drug users within drug treatment enters and prisons in Belgium, using ajoint modeling approah that deals with multivariate nature of the response.Using marginal(Bivariate Dale Model (BDM),Bivariate Probit Model(BPM) and AlternatingLogisti Regression(ALR)) models, the assoiation measures between HCV and HBV infetionsestimated at individual level (luster) in terms of odds ratios and orrelation oe�ients wasregressed against behavioral risk fators. Shared random-e�ets models that take into aountthe individual heterogeneity in the aquisition of the infetions were �tted as well.The analysis used ross-setional data from 972 drug users who agreed to partiipate in asero-behavioural study between 2004-2005. The results showed that the infetions are posi-tively assoiated within individuals (BDM; OR=1.87(95% C.I:1.39, 2.34), ALR; OR=1.45(95%C.I=0.91, 0.99), BPM; ρ=1.21(95% C.I=0.89,1.52)). The variane of the individual randome�ets is positive ( σ2

b=2.09 (95% C.I: 1.06,3.59)) indiating that there is signi�ant individualheterogeneity in the aquisition of the infetions.Known risk fators for the o-infetion were found to be; gender, eduational level, urrentIDU, ever been to prison, age at test and sharing of sni�ng materials.KEYWORDS: Current status data, HCV and HBV o-infetion, odds ratio, individual het-erogeneity, marginal models.
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1 IntrodutionHepatitis B virus (HBV) and Hepatitis C virus (HCV) are major publi health onerns world-wide. This is beause of shared routes of transmission that is, both are blood borne RNAviruses that repliate rapidly. The Hepatitis C is an infetious disease aused by hepatitis Cvirus (HCV),whih mainly a�ets the liver. The HCV infetion is transmitted through alreadyinfeted blood ontat, partiularly assoiated with the use of syringes , medial poorly ster-ilized and blood transfusions. It is estimated worldwide that people a�eted by the hepatitisC range from 130 million to 170 million[1℄. The existene of hepatitis C (originally "non-Anon-B hepatitis") was postulated in the 1970s and proven in 1989. Hepatitis B is an infetiousin�ammatory illness of the liver aused by the hepatitis B virus (HBV) that a�ets hominoidea,inluding humans. The virus is transmitted by exposure to infetious blood or body �uids suhas semen and vaginal �uids, while viral DNA has been deteted in the saliva, tears, and urine ofhroni arriers. Some of the risk fators for developing HBV infetion inlude getting prikedby infeted syringes while working in a healthare setting, blood transfusions, and dialysis,aupunture and tattooing. However, Hepatitis B viruses annot be spread by holding hands,sharing eating utensils or drinking glasses, kissing, hugging, oughing, sneezing, or breastfeed-ing.The major route of transmission for both the infetion is through ontaminated blood on-tat or blood produts and that explains why drug users(DUs) are most at risk either throughsharing of injeting materials and or other paraphernalia. In Europe, injeting drug use is amajor transmission route for HCV infetion. Estimates suggest that around 1 million peoplewho have injeted drugs may be living with HCV in the EU today. Typially between 40% and90% of injeting drug users are infeted, and many ontrat the disease soon after their �rstinjetion. This is due to unsafe injeting praties whih inlude sharing of needles/syringesand other injetion materials used by already infeted peers[5℄.The prevalene of HBV and HCV in Europe varies widely among the European ountries(EU and EEA/EFTA)[3℄. In western Europe the prevalene HCV infetion in the general pop-ulation inreases from 0.1% in the North to more than 1% in the South[12℄. In Belgium astudy in the hospital population showed anti-HCV in 0.87% of the serum samples[13℄. ForHBV, the prevalene in western Europe was estimated at 5-7% of the general population and0.5-2% were hroni[14℄ and in Belgium the prevalene in hospitalized population (inludingaute infetions, reovered and hroni arriers) was estimated at 7.4% [13℄. The inrease in theprevalene in Belgium has been attributed to the inrease use of drug by sharing of injetingmaterials and other materials like �lters, spoons and rinse water have been found also to bea risk fator espeially for HCV infetion[15℄ and[16℄.The prevalene rates of o-infetion withHBV and HCV in HIV patients have been variable worldwide depending on the geographi1



regions, risk groups and the type of exposure involved whih may be di�erent not only fromountry to ountry, but also in di�erent regions of the same ountry. Some studies have alsoshown that HIV is a risk fator to aquiring either HBV or HCV or both[19℄.Sine HCV and HBV infetions share the same route of transmission, o-infetion is likelyto be ommon thing among the suseptible population. The primary onern with HBV/HCVo-infetion is that it an lead to more severe liver disease and an inreased risk for progressionto liver aner (HCC) whih eventually leads to liver related deaths[18℄. This study is aimedto model the HCV and HBV o-infetion and their dependent on the risk fators among drugsusers using marginal and random e�ets model based on data from drug treatment failitiesand prisons spread aross Belgium taking into aount the lustered nature of the data.
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2 Data desriptionThe data ontains information on HCV, HBV and HIV among drug users in ontat withdrug treatment enters and those in prisons interviewed between 1/9/2004 and 30/6/2005 andsreened for the same diseases. This is a ross-setional multi-enter sero-behavioral prevalenestudy in whih patients were interviewed within the enters and blood samples olleted forsreening for the presene/absene of the diseases (HIV,HBC and HVC) at the entral labora-tory based in the Institute of Publi Health in Brussels. Clustered data arise when multipleobservations are olleted on the same sampling or experimental unit. In this study, the mul-tiple observations arose from a patient blood serum sample that was tested for more than oneantigen resulting into a lustered data at a patient level.2.1 Study populationPatients were reruited into the study if :1) aged between 15-40 years at the time of interviewand 2) reported to be using or had used regularly one or more of drugs by any known routeof administration (Injeting or Sni�ng) in the past 12 months. Those who were eligible andagreed to partiipate in the study signed two informed onsent forms, one to partiipate in thestudy and another for the blood to be drawn. A drug treatment enter is de�ned in the BelgiumTDI protool as a reognized enter �naned by an authority as treatment enter (whether ornot for its spei� assignment towards DUs), that takes are of people with drug problem andprovides treatment.All partiipants were interviewed by means of a standardized fae-to-fae interview using ques-tionnaire to obtain information on the patterns of drug use, risk behavior, legal problems,infetious diseases, soio-demographis, use of drug treatment failities, use of health are ser-vies and knowledge and attitude on infetious diseases. A unique identi�er to math data fromboth questionnaire and blood test results was used to keep partiipants on�dentiality and toavoid dupliation of data. In total 972 partiipants had mathing identi�ation numbers forboth the questionnaire and the laboratory results and were retained for the urrent analysis.The following variables were onsidered to be of interest in this study: Gender, Age in yearsat the time of interview, Partiipant's level of Eduation, Type of enter, duration of expo-sure to drug use , Age at �rst use of illegal drugs, Sharing of injeting materials , Sharing ofsni�ng materials, ever been to prison or not and sexual risk behavior (Men having sex withMen(MSM)). Duration of exposure to drug use is de�ned as the time interval(in years) betweenthe age at �rst use of drug and the age at test. The study will onsider HBV and HCV as abivariate binary-dependent responses from an individual. See Appendix Table F.4 for the fulldesription of the variables. 3



Table 1 and 2, show the distribution of the demographi and behavioral harateristis for thepopulation. Note that the samples size for some of the variables may not add up to 972 due tosome missing observations in some of the risks fators.2.2 SerologyFor serologial data, the urrent status of the disease depends on the antibody level of the ithsubjet Zi, i=1....N and a manufaturers threshold value τ . In that ase,the urrent status ofeah individual for the jth infetion,j = 1, 2, is de�ned by:
yij =







1 if Zij > τj seropositive

0 if Zij ≤ τj seronegativewhere τj is the infetion-spei� threshold to lassify individuals as either seropositive orseronegative.The sreening for HBsAg, anti-HBC and anti-HBs was perfomed with ETI-MAK-4, ETI-AB-COREK PLUS and ETI-AB-AUK-3 (DiaSorin, Italy) respetively. The subsequent interpre-tation of the results was done using ETI-MAX 3000 apparatus (DiaSorin, Italy). A test re-sult was lassi�ed as HBV infeted if either HBsAg and anti-HBC results turns positive orwhen Anti-HBC and Anti-HBs are positive. Sreening for anti-HCV was performed with the
ORTHOrHCV 3.0 ELISA. Positive test results were on�rmed with a more spei� serologywhile the HIV sreening was performed with a ombined anti-body/antigen tests. Reativesera were further tested with an alternative sreening assays and further with a on�rmatoryassay, alled InnoLia whih an di�erentiate between HIV-1 and HIV-2 antibodies. A test waslassi�ed as reative if the three test were positive.
2.3 Exploratory data analysisTo understand the nature of the data and variables, desriptive statistis were applied as ex-ploratory tool to desribe the soio-demographi harateristis of the partiipants. A histogramwith density plots were applied to explore the distribution in years of drug use areer ,age atthe time of interview and age at �rst use of illegal drugs. Chi-square test of independene wasapplied to identify risk fators assoiated with eah of the infetions. The risk fators identi-�ed by univariate analysis were �tted into multivariate logisti regression analysis to furtherdesribe the risk fators for eah infetion independently. A bar plot of joint prevalene overthe years of exposure was used to explore possible e�ets of the duration of exposure to drugs4



on the infetions. Odds ratio and Tetrahori orrelations were used to study the assoiationbetween HBV and HCV infetion .
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Table 1: Demographi and behavioural of the populationFators Frequeny %Gender (N=972)Male 777 79.94Female 195 20.06Eduational level(N=961)Lower eduation 635 66.08Higher eduation 326 33.92Type of Center(N=972)AC and MSOC 537 55.25CGG,TG and WGC 170 17.49CIC 134 13.79PAAZ and PH 134 13.48Sharing injeting materials(N=467)Yes 321 68.74No 146 31.26Sharing sni�ng materials(N=704)Yes 520 73.86No 184 26.14HIV status(N=972)Negative 953 98.05Positive 19 1.95HBV Vaination(N=558)Vainated 233 41.76Not vainate 325 58.24Current IDU(N=798)Yes 319 39.97No 479 60.03Ever IDU(N=821)Yes 546 66.50No 275 33.50Ever been to prison(N=794)Yes 483 60.83No 311 39.17Homosexual(MSM)(N=484)Yes 11 2.27No 473 97.73
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Table 2: Demographi and behavioural of the population (ontinued)Fators Frequeny %HBV prevaleneNegative 880 90.53Positive 92 9.47HCV prevaleneNegative 687 70.68Positive 285 29.32Median duration of exposure(Q0.25,Q0.75) 23(8-18)Median age at test(Q0.25,Q0.75) 29(24-35)Median age at �rst drug use(Q0.25,Q0.75 ) 15(14-17)Tetrahori orrelation for o-infetion,ρ 0.55(C.I:0.45-0.66)Odds ratio for o-infetion,ψ 6.82(C.I:4.26-10.90)
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Figure 1: Histogram and density estimates for age at test, age at �rst use of drug of illegal andexposure time
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Figure 2: Bar plots with the observed joint probabilities for HBV and HCV infetions2.4 Soio-demographi harateristisTable 2, shows that, the median age(years) at test was estimated to be 29 (IQR:24-35) and themedian age(years) at �rst use of drugs was 15(IQR:14-17). The histogram and density showingthe distribution of age at test and age at �rst injetion are shown in Figure 1. Figure 1(b) showsthat majority of this population start injeting drugs early in the ourse of their life i.e betweenages 10 and 15 years; 66.08% of the partiipants had a lower eduational level and this wassigni�antly assoiated with both HBV and HCV with estimated p-values of 0.0027 and <0.001respetively(Table 3). Males were 777(79.94%) of the total number of patients, hi-square testof independene did not show any signi�ant assoiation between gender and either HCV orHBV infetions. Most of the partiipants(55.25%) were from AC and Medial Soial AssistantCenters for drug use (MSOC) while the rest of the enters had similar number of partiipants.The type of enter had a signi�ant assoiation with both HBV and HCV (p-values of 0.005and <0.0001 respetively)(Table 3).2.5 Drug use and risk behaviorsPresented in Table 2 also are the demographi and behavioral harateristis of the partiipants.It an be shown that, the duration of drug use ranged from 0 to 29 years, the median duration ofdrug use in years was estimated to be 23(IQR:8-18) years. The bar plot for the prevalene of no8



infetion, HBV, HCV and o-infetion showed that the prevalene of the o-infetion inreaseswith the inrease in duration of exposure reahing the peak at time 26 years(Figure 1) whihsuggests possible assoiation of the exposure time and the infetions. Univariate analysis(Table3) showed that eduational level,Type of enter, vaination against HBV, being a urrentinjetor, ever being an IDU, duration of exposure and age at test were signi�antly assoiatedwith HBV while for HCV all the risk fators apart from gender and MSM were signi�antlyassoiated with the infetion. See Appendix Table F.3 for the desription of the multivariatelogisti regression analysis.Table 3: Univariate assoiation of the risk fators for HBV and HCV infetionsHBV HCV
χ2 p-value χ2 p-valueGender 0.89 0.34 1.05 0.31Eduational level 8.97 0.003 26.90 <0.0001Center type 17.87 0.0005 39.47 <0.0001Sharing Injeting material 2.096 0.15 24.17 <0.0001Sharing sni�ng materials 3.77 0.05 9.79 0.0018HIV status 0.90 0.34 23.03 <0.0001Vaination against HBV 10.01 0.0016 14.45 0.0002Current IDU 9.30 0.0023 101.58 <0.0001Ever IDU 21.67 <0.0001 166.76 <0.0001Ever been to prison 27.92 <0.0001 51.97 <0.0001Homosexual(MSM) 1.13 0.26* 2.12 0.15*Duration of exposure <0.0001 <0.0001Age at test <0.0001 <0.0001* Fisher exat testThe tetrahori orrelation was estimated to be 0.55, while the estimated odds ratio betweenthe two infetions was 6.82. All the estimates were signi�ant suggesting signi�ant assoiationbetween HBV and HBC infetions(Table 2). Consequently, Figure 3, shows a satter plot for theprevalene of HBV and HCV infetions grouped by the duration of drug use, there is evideneof a positive linear relationship between the prevalene of HBV and the prevalene of HCVinfetions. These evidene of orrelation has to be taken into onsideration in order to obtainvalid parameter estimates and inferene. The joint modeling was therefore used to �t a singlemodel to both response variables (HBV and HCV) simultaneously while taking the orrelationbetween the two into aount.
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Figure 3: Overall prevalene of HCV and HBV infetions
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3 Methodology3.1 Statistial analysisFor eah subjet i de�ne the vetors representing the serologial status for HBV and HCV asyi = (yiHBV , yiHCV ) and the joint probability of o-infetion denoted as P (yiHBV = 1, yiHCV =

1). Several methods for analyzing repeated responses fousing on the assoiation betweenbivariate responses and ovariates have been suggested in the literatures. One suh approah isthe use of marginal models(BDM,BPM and ALR) whih allow for inferenes about parametersaveraged over the whole population ([22℄, [24℄ and [9℄). Another approah is making use ofrandom e�ets modeling, whih provides inferene about variability between subjets ([23℄ and[10℄). The sienti� fous in marginal modeling is devoted to two regression models: the �rst isuseful for analyzing marginal means and the seond takes into aount the orrelation betweenresponses of the same individual. This model onsiders the e�et of some explanatory variableson the responses and marginal pairwise loal odds ratio [25℄ or onditional odds ratio [26℄ for theorrelation struture whih depends on ovariates. Under marginal models, Bivariate Probitand Bivariate Dale models will be the fous while under random e�ets model, the fous willbe on shared random e�ets model. Spei�ations of these methods are disussed in detail inthe below setions.3.1.1 Bivariate Dale Model (BDM)Given the vetor of indiators for the dependent variables yi = (yiHBV , yiHCV ) and vetor ofexplanatory variables x, the fous is to model the response as a funtion of the explanatoryvariables to determine the dependeny of the response on the ovariates and also to quantifythe degree of assoiation between the pairs of response and their dependeny on the ovari-ates [6℄. Four potential outomes an be derived from the set of dependent variable whihan be modelled jointly with three systemati omponents:the marginal Pr(yiHBV = 1) and
Pr(yiHCV = 1) and the odds ratio Ψ that desribes the dependeny between the marginals.Dale (1986) proposed a family of bivariate response models by deomposing the joint probabilityinto main e�ets and interations. The main e�ets are desribed by the marginal probabilitiesof HCV and HBV infetions while the interation is desribed by the log ross-ratio. The threemodels in the ase of ategorial risk fator an be presented as:

h(Pr(yiHBV = 1)|x) = β01 + β11log(di) + γHBV xi



h(Pr(yiHCV = 1|x) = β02 + β12log(di) + γHCV xi

log(OR|x) = α0 + α1xiwhere log di is the logarithm of duration of exposure di,α0 is a onstant odds ratio,α1 oddsratio for the risk fator, h(.) is the link funtions, Pr(yiHBV = 1) and Pr(yiHCV = 1) are themarginal probabilities , xi is a ovariate assoiated with the HBV and HCV and need not tobe the same for the two responses,and γHBV and γHBV are the oe�ient of the risk fatorsassoiated with HBV and HCV infetions.In ase xi is a ontinuous variable suh as age at test, the models an be expressed as:
g(Pr(yiHBV = 1)|x) = h1(x)

g(Pr(yiHCV = 1)|x) = h1(x)

log(OR|x) = h3(x)where hi,i = 1, 2, 3 are smooth di�erentiable funtions and g(.) is a link funtion.The log odds ratio whih desribes the dependeny between both infetions is de�ne as;
OR =

Π11Π00

Π10Π01

=
(pr(yiHBV = 1, yiHCV = 1)pr(yiHBV = 0, yiHCV = 0))

(pr(yiHBV = 1, yiHCV = 0)pr(yiHBV = 0, yiHCV = 1))if OR = 1 indiates both infetious diseases proesses behave independently whereas OR 6= 1indiates assoiation between both diseases. For the urrent analysis, the OR was onsidered asa onstant(Model 1), onsidered as depending on behavioral risk fator (Model 2) and onsid-ered as depending on the log duration and other risk fator (Model 3). Three Link funtions;logit, probit and omplementary log log were onsidered and the best model seleted based onthe AIC values.
3.1.2 Alternating Logisti regression(ALR)Another method to apture assoiation between ategorial responses in terms of odds ratiois a method of Alternating Logisti Regression (ALR)[20℄. There are numerous hoies formodeling the log odds ratio[21℄. For the urrent analysis,the log odds ratio was spei�ed to beonstant within di�erent levels of eah level of the behavioral risk fators of HCV and HBVinfetions. It is worth noting that ALR, likewise BDM, models the assoiation in terms of theodds ratio. 12



3.1.3 Bivariate Probit model (BPM)In the bivariate probit model, two separate probit models with orrelated disturbanes aremodeled simultaneously. The basi assumption of this type of model is that urrent status ofthe infetions are related to the unobserved variables y∗i = (y∗i1, y
∗

i2) representing the unobservedvariables for HBV and HCV antibody levels. The unobserved variables are assumed to havea bivariate normal density with mean vetor µ = (µ1, µ2)
′ and a orrelation ρ. The variane-ovariane matrix is a 2x2 matrix given by:

Σ =

(

σ2

y1 σy1σy2

σy1σy2 σ2

y2

)Further,assume that eah subjet has p-dimensional vetor of explanatory variables x = (x0, x1, ...., xp−1)with x0 ≡ 1, then the mean is related to the ovariates as µj = β
′

jx. In the binary data situationthis an be presented with a set of three equations as:
Φ−1(P (yiHBV = 1)) = β01 + β11log(di) + γHBV xi

Φ−1(P (yiHCV = 1)) = β02 + β12log(di) + γHCV xi

log
1 + ρi

1− ρi
= αxiWhere log(di) is the logarithm of duration of exposure di. The Φ is the bivariate standardnormal umulative distribution funtion. The bivariate probit model models the assoiation interms of orrelation oe�ient and uses 'rhobit' link for the assoiation. The ρi was onsideredas a onstant (Model 1), depending on other behavioral risk fators(Model 2) or depending onthe log duration and other risk fator(Model 3).3.1.4 Shared Random e�ets modelRandom e�ets models assume that individuals are di�erent in the way they aquire infetions.This may be due to di�erene in immunity and risk behavior. Some individuals are moresuseptible and aquire infetion earlier than others. This heterogeneity in aquiring infetionan be aptured using random-e�ets. The random-e�ets approah is a statistial modelingonept whih aims to aount for heterogeneity, aused by unmeasured ovariates suh assoial environmental fators in�uenes partiular to a given subjet. A natural way to modeldependeny within a luster is through the introdution of luster-spei� random e�et. Thegeneralized linear mixed model(GLMM) is the most frequently used random-e�ets model inthe ontext of disrete repeated measurements [9℄. The general GLMM model an be expressedas Yi|bi ∼ Fi(θ, bi) i.e.,onditional on bi,Yi = (yiHBV , yiHCV ) follows a pre-spei�ed distribution

Fi depending on the ovariates and parameterized through a vetor θ of unknown parameters,13



ommon to all subjets, and a vetor bi whih is luster-spei�. Sine the aim is to assume ajoint model spei� to eah luster, onditional model will be onsidered. bi is assumed to bemultivariate normally distributed,bi ∼ N(0, σ2

b ) and aounts for the variability not explainedby the ovariates in the model. A speial ase of the above model is a shared-parameter modelwhih assumes the same set of random e�ets for all outomes spei�. The advantage of suhshared-parameter models is the relatively low dimension of the random-e�ets distribution sinethe dimension of random e�ets does not inrease with the number of new outomes added[11℄.Conditional on bi the prevalene of HCV and HBV infetions assuming shared random intereptmodel an be modeled as:
g(P (yiHBV = 1|bi)) = β01 + bi + β11log(di) + γHBV xi

g(P (yiHCV = 1|bi)) = β02 + bi + β12log(di) + γHCV xi

bi is a luster-spei� random interept that shows how eah subjet deviates from the overallinterept. Rejetion of null hypothesis (H0 : σ2 = 0) implies that infetions are orrelated atpatient level.In this study we follow the modelling approah of Diamond and MDonald [27℄ and Keid-ing et al. (1996) [28℄ who proposed generalized linear model to �t a parametri model for theprevalene with a linear preditor given by :
hj(di) = β0j + β1jlog(di)In ase that behavioral risk fators are inluded to this model the linear preditor beomes:

hj(di) = β0j + β1jlog(di) + γxiwhere β0j and β1j(j=1,2) are infetion-spei� interepts and slopes , respetively,xi is a ovari-ate representing behavioural risk fator ,γ is its oe�ient whih is infetion-spei� and di isthe duration of drug exposure in years.

14



4 Results4.1 Marginal models4.1.1 Basi modelThe �rst marginal models were �tted for BDM and BPM whih are based on fully-likelihoodapproah for both onstant odds ratio and odds ratio depending on the log duration of exposure.Note that these �rst models were �tted with only the logarithm of the duration injeting areerinluded in the model as a ovariate without any other risk fators. In all the ases,the onstantodds ratio model had the least AIC values (Table 5) and was seleted as the �nal model for thispartiular analysis. Presented in 4, are the parameter estimates of the �nal models togetherwith the AIC values for the di�erent link funtions. The BDM models had the AIC values thatwere very lose to eah other eventhough, the probit link had the smallest AIC value. For theALR whih is a quasi-likelihood method, loglog had the least QIC value while for the sharedrandom e�et model,loglog link funtion had the least AIC value. The BPM model had noother link funtion for omparison. However, for the ease of omparison and interpretation interms of logarithm of the odds ratio for binary responses [29℄, logit link will be onsidered in thisase and in the subsequent analysis instead of the loglog and probit. The parameter estimateswere found to be similar in all the ases and the 95% on�dene intervals show that there wasa signi�ant assoiation between the probability of aquiring HBV and HCV infetions.Table 4: Constant measure of assoiation for di�erent models using di�erent link funtionsBivariate Dale ModelLink funtion Logit Cloglog Probit
Ψ
a(C.I) 1.8664(1.3909,2.3419) 1.8661(1.3906,2.3416) 1.8666(1.3910,2.3422)AIC 446.49 446.52 446.29Bivariate Probit Model

ρb(C.I) 1.2075 (0.8948,1.5202)AIC 445.76Alternating Logisti Rergression
Ψ
a(C.I) 1.4485(0.9118,0.9852) 1.4466(0.9086,1.9847) 1.4751(0.9454,2.0047)QIC 1557.5164 1551.8203 1571.1517GLMM-Shared random e�et model

σ2

b

(C.I) 2.0943(1.0582,3.5913) 1.2571(0.6379, 2.1309) 0.7567(0.4147,1.2417)AIC 1531.25 1526.29 1537.16a Odds ratiob Correlation Variane
15



4.1.2 In�uene of other risk fatorsThe above model was extended by adding other risk fators one at a time while adjusting forthe log duration of drug use. Three di�erent models ategories were �tted for BDM model;model with onstants log odds ratio, model with log odds ratio depending on a given risk fatorand a model with log odds ratio depending on both log duration of drug use and a given riskfator. The same was also applied to BPM model but in terms of orrelation instead of logodds ratio. The AIC values for these models with the best models for eah risk fator shownin bold are given in Tables 5 for BDM models and for BPM models where orrelation wasused instead of log odds ratio. Models with a onstant log odds ratio were appropriate for themodels ontaining one of these variables as a ovariate in the model; sharing injeting materialsever IDU, homosexual(MSM), ever IDU, HIV status and enter. This suggests that there is asigni�ant assoiation of the joint probability of aquiring HBV and HCV infetion , howeverthe assoiation does not depend on any of these risk fators and therefore these models ouldnot be used to study the assoiation of the o-infetion and the risk fators. The models withlog odds ratio depending on the risk fators were appropriate for models ontaining one ofthese as a ovariate ; eduational level, sharing of sni�ng materials, urrent IDU, ever been toprison ,age at the time of interview and gender and was used to study the assoiation of theo-infetion and the risk fators. This onlusion was the same for other link funtions ; probitand loglog and also for BPM models.The �nal mean struture for the model with assoiation depending on the risk fator inludesinfetion-spei� interepts and slope for log of duration of drug use and one of the behavioralrisk fators as additional ovariate. The parameter estimates and standard errors for the on-stant log odds ratio and log odds ratio depending on the duration of exposure for the BDMmodels are shown in Table 6. It an be shown that there is a signi�ant assoiation in the prob-ability of HBV and HCV o-infetions and this assoiation depends on the risk fators apartfrom age. For the variable age at the time of the interview, there was assoiation between theprobability of aquiring HBV and HCV but this does not depend on age. Adjusting for thelog duration of drug use, sharing of sni�ng materials, is signi�antly assoiated with HBV andHCV infetion and this o-infetion depends on the sharing of the sni�ng materials in the last12 months. This was the ase with urrent IDU and ever been to prison.Presented in Table 7 , Shows the parameter estimates and the 95% on�dene intervals arossthe levels for eah of the behavioral risk fators assoiated with the o-infetion of HBV andHCV for BDM, ALR and BPM models. The BDM model,shows that there is a signi�antassoiation between HBV and HCV infetion for both males and females. The log odds ratiofor females is 2.92 with on�dene interval of (1.06,4.78) and for males is 1.21 with on�deneinterval of (0.68,1.75). The assoiations seems to be stronger for females ompared to males.16



Consequently, being a urrent IDU(log(OR)=1.98: C.I=0.94,3.02) shows a stronger assoiationompared to their peers who are not urrently injeting drugs(log(OR)=0.92: C.I=0.19,1.66),both levels were signi�antly assoiated with the o-infetion. Those who have been sharingsni�ng materials in the last 12 months had a higher probability of HBV and HCV infetionsompared to those who have not shared sni�ng materials in the last 12 months, however thelog odds ratio was signi�ant only for those who have been sharing sni�ng materials. Thelog odds ratio of sharing sni�ng materials is 2.69(C.I=1.74,3.69) and for not sharing sni�ngmaterials is 0.82(-0.20,1.85). Ever been to prison was also found to be a signi�ant fator forboth infetions and both levels showed a signi�ant log odds ratio, however those who had everbeen to prison(log(OR=0.89):C.I=0.33,1.45) had a lower odds of getting infeted ompared totheir peers who have never been to prison(log(OR)=2.64: C.I=1.04,4.24). The onlusion wasthe same for BPM and ALR model results. The on�dene interval for the models presentedin Table 7 are plotted in �gure 4.Table 5: AIC values for the BDM and BPM modelsBDM BPMRisk fators Model 1a Model 2b Model 3 Model 1a Model 2b Model 3Sharing injeting material 931.42d 933.20 935.01 934.54d 936.22 929.84Share sni�ng material 1018.34 1013.87d 1015.21 1022.81 1019.41d 1021.32Ever IDU 1264.33d 1265.33 1267.20 1267.31d 1267.85 1269.85Current IDU 1264.35 1263.48d 1265.16 1267.54 1267.29d 1269.27Ever been to Prison 1312.46 1309.73d 1311.43 1321.11 1320.34d 1322.34Homosexual(MSM) 981.00d 983.00 983.37 988.14d 990.14 991.61Gender 1523.67 1520.90 1522.45 1531.73 1530.35d 1532.35Eduational level 1485.74 1484.42d 1484.52 1490.91 1490.77d 1492.19HIV status 1517.90d 1518.80 1518.63 1526.80d 1527.24 1528.75Center 1514.75d 1517.04 1517.82 1523.12d 1526.91 1514.17Age at test 1503.58 1503.09d 1505.06 1505.54 1504.79d 1528.71Log duration of exposure 446.49d 447.33 445.76d 447.03a Constant odds ratio modelb Model with odds ratio depending on the risk fators Model with odds ratio depending on the risk fators and log duration of exposured Best model
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Table 6: Parameter estimates and standard errors for the assoiation for the best �tting BDM modelsModel with log odds ratio depending on the risk fators
α0 α1Gender 1.21(0.27) 1.71(1.73)Sharing sni�ng materials 0.82(0.52) 1.87(0.71)Current IDU 0.93(0.37) 1.06(0.65)Ever been to prison 2.64(0.82) -1.75(0.86)Age at test 3.90(1.60) -0.08(0.05)Eduational level 1.13(0.29) 1.08(0.64)Constant log odds ratio modelsSharing injeting materials 1.26(0.34)Ever IDU 1.24(0.29)Homosexual(MSM) 1.16(0.32)HIV status 1.44(0.26)Center 1.41(0.26)Table 7: Parameter estimates for the assoiation measures aross the levels of the behavioral riskfators Fators BDM ALR BPMGender Female 2.92 (1.057,4.78) 2.89(1.42,4.37) 1.66(0.75,2.57)Male 1.21(0.68,1.75) 1.21(0.64,1.78) 0.82(0.47,1.17)Age at test -0.08(-0.17,0.02) 1.38(0.85,1.90) -0.03(-0.09,0.04)Eduational level Higher 2.20(1.09,3.32) 2.38(1.14,3.62) 1.32(0.64,2.01)Lower 1.13(0.56,1.70) 1.15(0.56,1.74) 0.76(0.40,1.12)Sharing sni�ng materials Yes 2.69(1.74,3.69) 2.70(1.63,3.77) 1.62(1.07,2.16)No 0.82(-0.20,1.85) 0.8(-0.11,1.83) 0.55(-0.11,1.22)Current IDU Yes 1.98(0.94,3.02) 2.05(1.21,2.89) 1.18(0.63,1.74)No 0.92(0.19,1.66) 0.99(0.24,1.74) 0.62(0.15,1.10)Ever been to Prison Yes 0.89(0.33,1.45) 0.91(0.31,1.50) 0.63(0.26,1.00)No 2.64(1.04,4.24) 2.92(1.60,4.24) 1.38(0.55,2.22)

Figure 4: Con�dene interval plot for BDM and ALR models for the models depending on therisk fatorsThe observed and predited values for the BDM models �tted above are shown in AppendixFigure 1 and it an be seen that the models �tted the data well.18



Figure 5: Con�dene interval plot for BDM models for the onstants odds ratio model4.2 Shared Random e�ets modelTo investigate the heterogeneity in aquiring infetions between one individual to another,sharedrandom e�ets model were �tted with both logit , loglog and probit link funtions to test forthe signi�ane of the σ2

b . The results of the basi model that inludes log duration of druguse only as a ovariate are shown in Table 4. Based on AIC values, a model with loglog linkfuntion had the least AIC value, however for omparison purposes with the marginal modelspresented above, the logit link was taken. The estimate of the variane of the random pa-tient interept is 2.0943(CI:1.0582,3.5913) and the estimated standard error of this varianeomponent was estimated to be 0.7763. The parameter estimates for the extended modelsare presented in Table 8 . It an be shown that the variability is signi�ant in all the asesapart from the homosexuals(MSM) whih had a borderline signi�ane. There appears to besigni�ant patient-to-patient variation in the way of aquiring infetion and the infetions areorrelated at the individual level. It an also be shown that the variability is highest for thethose who were sharing sni�ng materials in the last 12 months as ompared to other riskfators. Table 8: Parameter estimates for the shared random e�et modelRisk fator HBV(s.e) HCV(s.e) σ2Sharing injeting materials 0.34(0.38) 1.26(0.31)* 1.79(0.62,3.70)Sharing sni�ng materials -0.59(0.42) -0.74(0.32)* 3.59(1.79, 6.56)Ever idu -1.20(0.40)* -3.56(0.43)* 1.71(0.73, 3.20)Current idu 0.75(0.30)* 2.19(0.28)* 1.90(0.84, 3.52)Gender 0.09(0.38) -0.59(0.26)* 2.13(1.08, 3.65)HIV status 0.20(0.81) 2.45(0.78)* 2.07(1.04, 3.55)Homosexual(MSM) 1.29(0.16) -1.47(0.20) 0.67(0.00, 1.99)Prison 1.33(0.40)* 0.96(0.24)* 1.41(0.50, 2.76)Age at test -0.12(0.03)* -0.14(0.03)* 2.15(1.11,3.64)* p-value<0.05 19



Figure 6: Con�dene interval plot for the variane
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5 DisussionHBV and HVC still remains a publi health onern among drug users due to their nature oftransmission. In this study serologial data was olleted on individual drug users who hadaess to drug treatment enters and prisons who agreed to partiipate in the sero-behavioralstudy. In this analysis more than one disease were of interest resulting into a lustered datawithin an individual. Spei�ally HBV and HCV infetions were onsidered at individual level.The objetive of this study was to analyse the o-infetion of HBV and HCV infetion andtheir assoiation on the risk fators. Marginal and luster spei� statistial models for theanalysis of lustered data were onsidered for this analysis. For the marginal models, both fullylikelihood(BDM and BPM) and quasi-likelihood methods(ALR) using di�erent link funtionswere onsidered. The bivariate models not only improve e�ieny but also allow us to studythe assoiation between infetions as well their dependene on ovariates. Results from themodels on�rm that there is signi�ant assoiation between HBV and HCV. This may be dueto the shared mode of transmission for the two infetions; getting in ontat with infeted bloodor blood produts.The study has also demonstrated that gender ,eduational level, sharing of sni�ng materi-als, being a urrent IDU and ever been to prison seems to be a major fator in the spread ofboth HBV and HCV infetions among drug users. Sharing of injeting materials was not iden-ti�ed as a risk fator for the prevalene of the o-infetion of HBV and HCV , however it hasan impat on the spread of the infetion in that those who have shared injeting materials hadhigher odds of getting o-infeted ompared to those who have never shared injeting materials.This �nding was onsistent with the study of joint analysis of the o-infetion of HCV and HIVinfetions [2℄. Age at the time of interview was found not to be signi�ant ,but the proba-bility of the o-infetion derease with an inrease with age. This may suggests that youngerpopulation who are drug users are at risk of getting o-infeted than older population who areusing drugs and ampaign to �ght illegal drug use should be targeted to this younger population.Random e�ets models were �tted to study subjets heterogeneity in aquiring infetions.This models has a onditional interpretation unlike the marginal models that had populationaverage interpretations. Considering the variability, there was a signi�ant variability for allthe variables apart from homosexuals(MSM) that had borderline signi�ane. Some behavioralrisk fators showed higher variability ompared to others with the highest variability shownamong those who were sharing sni�ng materials in the last 12 months, showing its signi�antontribution to the o-infetion. Other behavioral risk fators suh as urrent IDU, gender,HIV status and age at test showed variability in aquiring infetions. The heterogeneity shownwithin the individuals may be due to unmeasured shared geneti and environmental fators21



experiened by an individual (luster).
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6 AppendixDesriptive analysis of the risk fatorsThe in�uene of the risk fators prevalene on the infetions was explored using multiple logistiregression model where presene/absene of eah of infetions were onsidered as the outomeand the risk fators identi�ed by both the hi-square test of independent (Appendix Table 1)as the ovariates in the model. First for HBV infetions, a model was �tted using logit linkfuntions. An attempt to add interation terms to the model showed that none of the inter-ations were signi�ant and were therefore dropped from the model. In Appendix Table 3, itshows that eduation level, ever vainated against HBV, ever been to prison and age at thetime of interview were signi�ant risk fators for HBV infetion. The odds of getting infetedby HBV for a drug user who had higher eduational level was estimated to be 0.3045[ 95%C.I:0.1043,0.8891℄ times lower than the odds for a drug user who had a lower eduation level.Those who had reeived vaine for HBV had 0.3188[ 95% C.I: 0.1194,0.8513℄ times lower oddsof getting infetion ompared to those who have never been vainated. The estimated oddsof getting infeted by HBV for drug users who have ever been to prisons were estimated to be3.2143[ 95% C.I: 1.0717,9.608℄ times higher ompared to those who have never been to prisonand �nally, for a unit inrease in age, the odds of getting infeted with HBV inrease 1.1510[95% C.I: 1.0179,1.3013℄ times.Similarly, for the HCV infetion, a model with and without interation were �tted (AppendixTables 3) . The AIC value for the logit link for the interation model (AIC=225.65) wassmaller than the one for the additive model (AIC=236.38. The �nal model is presented inAppendix Table F.2 . Gender, vaination against HBV, age at the time of interview andseond order interations(sharing injeting materials in the last 12 months x being a urrentIDU, eduational level x being in prison and duration of drug use x being in prison) werefound to be signi�ant risk fators for HCV infetion. The estimated odds of a female druguser getting infeted with HCV were found to be 4.24[95% C.I= 4.24,12.43℄ times higher om-pared to male drug users, those who have been estimated against HBV had lower odds ofgetting infeted with HCV ompared to those who had not been vainated [OR=0.2633; 95%C.I=0.1141,0.6076℄. HCV infetion was also found to be inreasing with age of the patients[OR=1.2078;95% C.I=1.0446,1.3967℄. The prevalene of HCV for those who have been in prisonand those who have never been to prison depends on the duration of drug use. The odds ofgetting infeted with HCV infetion for those who are sharing injeting material depends onwhether they are urrent injetors or not.
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Table F.1: Demographi and behavioral harateristis for HBV and HBV status aording to riskfators HBV HCVVariable +(%) -(%) χ
2 +(%) -(%) χ

2p-value p-valueGender (N=972) 0.3442 0.3055Male 77(83.70) 700(79.55) 222(77.89) 555(80.79)Female 15(16.30) 180(20.45) 63(22.11) 132(19.21)Eduation level(N=961) 0.0027 < .0001High eduation 73(80.22) 562(64.60) 219(78.21) 416(61.09)Low eduation 18(19.78) 308(35.40) 61(21.79) 265(38.91)Center type(N=972) 0.0005 < .0001AC & MSOC 67(72.83) 470(53.41) 198(69.47) 339(49.34)CGG,TG & WGC 11(11.96) 120(13.64) 35(12.28) 96(13.97)CIC 3(3.26) 167(18.98) 23(8.07) 147(21.40)PAAZ & PH 11(11.96) 123(13.98) 29(10.18) 105(15.28)Ever shared injeting material (N=467) 0.1485 < .0001Yes 54(76.06) 267(67.42) 193(78.78) 128(57.66)No 17(23.94) 129(32.58) 52(21.22) 94(42.34)Ever shared sni�ng material (N=704) 0.0523 0.0018Yes 38(63.33) 482(74.84) 127(65.46) 393(77.06)No 22(36.67) 162(25.16) 67(34.54) 117(22.94)HIV test results(N=972) 0.3416 < .0001Positive 3(3.26) 16 (1.82) 15(5.26) 4(0.58)Negative 89(96.74) 864(98.18) 270(94.74) 683(99.42)Vaination against HBV (N=558) 0.0016 0.0002Yes 11(21.15) 222(43.87) 57(30.65) 176(47.31)No 41(78.85) 284(56.13) 129(68.35) 196(52.69)Current injeting drug users(N=798) 0.0023 < .0001Yes 47(55.29) 272(38.15) 173(64.55) 146(27.55)No 38(44.71) 441(61.85) 95(35.45) 384(72.45)Ever-IDU(N=821) < .0001 < .0001Yes 78(88.64) 468(63.85) 269(96.07) 277(51.01)No 10(11.36) 265(36.15) 11(3.89) 264(48.80)Ever been to prison(N=794) <.0001 <.0001Yes 72(87.80) 411(57.72) 206(78.63) 277(52.07)No 10(12.20) 301(42.28) 56(21.37) 255(47.93)MSM (N=484) 0.2635* 0.1455*Yes 2(4.55) 9(2.05) 1(0.72) 10(2.90)No 42(95.45) 431(97.95) 138(99.28) 335(97.10)Duration of drug use < .0001 < .0001Age at test < .0001 < .0001* Fisher's exat p-value
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Table F.2: Parameters estimates and C.I for the Logit links models for HBV infetionLogitParameter Estimate(C.I)Interept -7.7063(-11.4385,-3.9741)*Females 0.6248(-0.3372,1.5867)Higher eduation level -1.300(-2.4606,-0.1394)*Center 1 0.7231(-0.4803,1.9265)Center 2 -0.7492(-3.0937,1.5954)Center 3 -1.2016(-3.5143,1.1112)Sharing sni�ng materials -0.2868(-1.1022,0.5286)Vainated against hbv -1.2216(-2.2829,-0.1602)*Current idu 0.1178(-0.7622,0.9977)Ever idu 1.2597(-0.2326,2.7521)Ever been to prison 1.2955(0.1260,2.4650)*Age at interview 0.1428(0.0048,0.2808)*Duration of drug use -0.0564(-0.1895,0.0767)AIC 193.6887* p-values < 0.05Table F.3: Parameters estimates and C.I for the additive and interation models for HCV infetion-logit link Additive model Model with interationParameter Estimate(95% C.I) Estimate(95% C.I)Interept -6.2871(-9.2958,-3.2783) -5.8564(-9.2930,-2.4199)*Females 1.3811(0.4084,2.3539) 1.4824(0.4448,2.5199)*Higher eduation level -1.2651(-2.0582,-0.4720) -2.4971(-3.8742,-1.1199)*Center 1 0.6339(-0.4245,1.6917) 0.2701(-0.8791,1.4192)Center 2 -1.1386(-2.5942,0.3171) -1.4978(-3.0366,0.0409)Center 3 -0.5231(-1.9565,0.9103) -1.1483(-2.6864,0.3898)Sharing injeting materials 1.3056(0.5502,2.0609) 2.6484(1.2892,4.0077)*Sharing sni�ng materials -2207(-0.9451,0.5038) -0.0368(-0.8045,0.7309)Vainated against hbv -0.2175(-0.3370,-0.0979) -1.3344(-2.1706,-0.4982)*Current idu 0.1984(0.0841,0.3126) 2.6595(1.2625,4.0566)*Ever been to prison 1.2338(0.4170,2.0506) -1.5254(-3.7328,0.6819)Age at interview 0.1735(0.0355,0.3115) 0.1888(0.0436,0.3341)*Duration of drug use -0.0615(-0.1956,0.0725) -0.1498(-0.3036,-0.0040)*shareinj*Currentidu -1.9793(-3.6341,-0.3245)*Edulevel*prison 2.2371(0.5332,3.9411)*durationdrug*prison 0.1436(0.0117,0.2756)*AIC 236.375 225.6481* p-values < 0.05
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Fitted and observed graphs for the �nal model
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Table F.4: Variables desriptionVariable Format Labelid Unique identi�ation numberenter Type of entersex Gender1=male2=femalehv HCV test results0=negative1=positivehbv HBV test results0=negative1=positivehiv HIV test results0=negative1=positiveage age (yrs) at the time of interviewvainhepb Vainated against HBV0=no1=yesdurainjet duration(yrs) of injeting drug areerEveridu Ever Injeting drug0=no1=yesCurrentidu Current injeting drug users0=no1=yesdurationdrug duration(yrs) drug of useEdulevel EDUCATION highest Eduation level attainedhomosexual homosexual0=no1=yesprison Ever been to prison0=no1=yesshareinj sharing injeting materials in the last 12 months0=no1=yessharesni�m sharing sni�ng materials in the last 12 months0=no1=yes
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