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Abstract

It is important to know about patterns of sexual behaviors among married couples in order to 

develop effective HIV prevention strategies for them. Herein we describe the sexual behaviors, 

estimate prevalence of anal intercourse (AI) among truck drivers (‘‘truckers’’) and their wives, 

and determine partner-specific demographic and behavioral correlates of AI. We carried out a 

cluster-sampled cross-sectional survey among 18–49 year-old wives and their trucker husbands in 

a south Indian district. Data were collected by same-gender research team members with color-

coded computer-assisted interviews. We used random intercept logistic regression to identify the 

independent correlates of AI. Thirteen percent of 475 wives and 467 truckers reported ever having 

AI with their spouse. Of those who responded, 55 % of 40 wives and 47 % of 36 truckers never 

used condoms during AI. Of those who responded, 22 of 32 wives and 24 of 32 husbands felt that 

condoms were unnecessary during AI. Reporting ever having AI was associated with younger age 

and higher education of both husband and wife. AI reported by wives was associated with having 

sexual partner(s) other than husband (adjusted OR 8.8 [95 % CI 3.2–24.0]), correctly answering 

all HIV knowledge items (adjusted OR 4.9 [95 % CI 1.9–12.5]), husband’s sexual debut occurring 

before marriage (adjusted OR 1.9 [95 % CI 1.0–3.5]), and husband’s high HIV risk perception 

(adjusted OR 2.5 [95 % CI 1.2–5.4]). AI reported by truckers was associated with having sex with 

a male or transgender (adjusted OR 4.0 [95 % CI 1.2–13.3]). Reported prevalence of AI was high 

considering that in India anal sex is non-normative, heavily stigmatized and, criminal. Indian 

heterosexual mobile populations need to be informed about the greater risk of HIV infection 

consequent to unprotected AI.
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Introduction

The association between migration, mobility, and infection with HIV has been documented 

since almost the beginning of the AIDS epidemic (Decosas, Kane, Anarfi, Sodji, & Wagner, 

1995). Over the last decade, the HIV epidemic in India has been spreading from high-to 

low-risk populations, and from urban to rural areas, mainly through the bridge populations 

(Becker et al., 2007; Solomon, Chakraborty & Yepthomi, 2004; Solomon, Kumarasamy, 

Ganesh, & Amalraj, 1998). The most important bridge population appears to be long-

distance truckers (‘‘truckers’’) and men who migrate between states for seasonal work in 

construction and other industries (Pandey et al., 2008). India has approximately 3.5 million 

truckers. They are more likely than other men to be clients of sex workers and sex work 

venues are common along major truck routes (Chandrasekaran et al., 2006; O’Neil et al., 

2004). Truckers may become infected with HIV while away from home and then infect their 

wives when they return home. Such ‘‘truncated epidemics’’ are characteristic of rural areas 

of India (Singh & Malaviya, 1994; Steinbrook, 2007).

The complexity of sexual behavior patterns requires a conceptual framework to understand 

patterns of occurrence of sexually transmitted infections (STIs), including HIV (Aral, 2004; 

Hayes, Kapiga, Padian, McCormack, & Wasserheit, 2010). Within this paradigm of 

behaviors, marital sex is generally considered low risk. To effectively address the protection 

needs of married couples, it is imperative to understand the forms and frequency of sexual 

expression within marriage. Information about both partners can greatly enhance the 

epidemiological value of sexual behavior data. Although cultural norms in India dictate 

certain sexual behaviors between men and women, designing appropriate intervention 

strategies may be less straightforward when certain sexual practices are not socially 

accepted or culturally taboo, such as anal intercourse (AI).

In India, there is growing evidence for the practice of AI by married men who have sex with 

men (MSM) and its impact on their wives and the HIV epidemic in general (Phillips et al., 

2010; Setia et al., 2006; Setia, Sivasubramanian, Anand, Row-Kavi, & Jerajani, 2010; 

Solomon et al., 2010). Very little is known about this practice among heterosexual couples. 

Reported prevalence of AI among married couples ranges from 1 to 20 % in urban areas 

(Avasthi et al., 2008; Raizada, Gupta, & Kumar, 2002; Savara & Sridhar, 1992; Singh, 

Mondal, & Sharma, 2009). The prevalence of ever engaging in AI among the clients of 

female sex workers in Mumbai was 0.3 % with girlfriends, 1.4 % with wives, and 3.3 % 

with brothel-based sex workers (Singh et al., 2009). Eleven percent of homosexually active 

rural men in five states of India reported ever practicing AI with their wives (Verma & 

Collumbien, 2004).

Although estimates of the transmission probability for heterosexual AI are still lacking, 

receptive AI has the highest risk of HIV acquisition per coital act, ranging from 0.04 to 3.0 

% (Fox & Fidler, 2010). Heterosexual AI has been found to be associated with STIs, 

including HIV, among both men and women in the United States (Gorbach et al., 2009; 

Javanbakht et al., 2010; Manhart et al., 2004; Skurnick et al., 1998), Brazil (Guimaraes, 

Munoz, Boschi-Pinto, & Castilho, 1995), and India (Rodrigues et al., 1995). AI among 
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women in India attending STI clinics was reported as an important predictor for the 

prevalence of herpes simplex virus 2 antibodies (van de Laar et al., 1998).

Studies from the United States have indicated several factors associated with the practice of 

heterosexual AI, including anonymous sex, concurrent partners, injection drug use, 

substance use, number of sex partners, sex in exchange for drugs or money, sex toy use, sex 

with injection drug users, and condom use (Gorbach et al., 2009; Javanbakht et al., 2010; 

Roye, Krauss, & Silverman, 2010). Estimating the prevalence and correlates of AI among 

heterosexuals can inform the need for addition of rectal microbicides in the slowly growing 

repertoire of female-controlled methods for STI/HIV prevention (Ventuneac et al., 2010).

Information on risky sexual behaviors within marriage can help to guide interventions 

specific to the STI/HIV prevention needs of the low-risk groups of married couples. We 

sought to estimate the prevalence of risky sexual behaviors, including AI, and to determine 

partner-specific demographic and behavioral correlates of AI among truckers and their 

wives.

Method

Participants

We conducted a community-based cross-sectional survey, using stratified cluster sampling, 

among 18–49 year-old wives of truckers and their husbands in Namakkal district (63.5 % 

rural population [Gupta et al., 2007]) of Tamil Nadu state in India. We used a list of married 

truck drivers with their home addresses, including village/town, prepared with information 

from local networks and non-government organizations (NGOs). These villages/towns 

comprised 39 clusters that were listed along with the number of truckers in each. These 

clusters were stratified by four subdistricts within Namakkal district, based on the proportion 

of truckers identified in each subdistrict. Within each subdistrict, clusters were selected 

based on the proportion of truck drivers in each cluster. We randomly selected 13 

truckercouples in each cluster.

Procedure

Using a structured questionnaire in Tamil, we collected data in the participants’ homes or a 

private location in the neighborhood between June and October 2010, using color-coded 

audio computer-assisted self interviews (C-ACASI) (Bhatnagar, Brown, Saravanamurthy, 

Kumar, & Detels, 2013). After obtaining written consent, the participants were counseled 

before drawing blood samples to test for HIV. The test results were made available to the 

participants after post-test counseling.

Marital relationship-related attitudes were measured according to a 7-item scale (e.g., ‘‘A 

good wife obeys her husband even if she disagrees’’;‘‘A man has a good reason to hit his 

wife if she disobeys him’’) (Cronbach’s alpha 0.66), wherein a lower score indicated male 

dominance (Henrica & Watts, 2003). Sexual relationship power was measured by a 

combination of a 13-item relationship control subscale (e.g.,‘‘My partner always wants to 

know where I am’’; My partner would get angry if I suggested condom use’’) (Cronbach’s 

alpha 0.82) and a 6-item decision-making dominance subscale (e.g., ‘‘Who usually has more 
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say about whether you have sex?; ‘‘Who usually has more say about important decisions?’’) 

(Cronbach’s alpha 0.74) (Pulerwitz, Gortmaker, & DeJong, 2000). A high score represented 

dominance of wives in making decisions related to sexual and other activities with the 

husband (Cronbach’s alpha 0.83 for the overall scale).‘‘Regular partner’’was defined as a 

person of opposite gender other than the spouse with whom the participants had extramarital 

sexual relations on a routine basis without any monetary exchange and ‘‘casual partner’’ 

was defined as a sex partner of opposite gender other than spouse, regular or paying partner. 

Frequency of condom use during vaginal intercourse was ascertained as every time/most 

times, sometimes, or never.

Measures

Low reporting of certain behaviors and variable response rates for several sensitive 

questions was reflected in the changing denominators for the estimation of various 

parameters. We calculated the frequency of categorical variables and mean and SD for 

continuous variables. Participants were considered to have correct knowledge of HIV if they 

correctly answered all 11 knowledge questions. Wives having any type of male sexual 

partner (regular/casual/paid) other than their husband were classified together in one group.

We compared the distribution of selected characteristics of participants who reported 

engaging in AI during their married life, using Pearson’s χ2 test for categorical variables and 

the Wilcoxon rank sum test for continuous variables. Based on a priori information from the 

literature or p value ≤15 in univariate analysis (Afifi, Clark, & May, 2004), covariates were 

identified to build a separate conceptual model for each of the predictors of AI. For the 

multivariate logistic regression, each predictor was adjusted for the relevant covariates 

according to the conceptual models (Fig. 1). We used different models suited to estimate the 

total effect of each predictor on the outcome (Westreich, & Greenland, 2013). We used the 

random intercept logistic regression model to account for within-subject correlations due to 

the cluster sampling design (Rabe-Hesketh & Skrondal, 2008). Data were analyzed using 

Intercooled Stata version 11.0 (StataCorp LP, TX, USA).

The study was approved by the UCLA Institutional Review Board and the Institutional 

Ethics Committee of the National Institute of Epidemiology, Indian Council of Medical 

Research, Chennai, India.

Results

We interviewed 486 wives and 473 truck drivers, with overall response rates of 96 and 93 

%, respectively. Response rates varied for different questions, especially those eliciting 

sensitive information, which is reflected in the changing denominators.

Sociodemographic Characteristics of the Truckers and Their Wives

Mean age of the wives and truckers was 30 and 37 years, respectively. All except one were 

Hindu. A total of 339 (70 %) wives were literate, among whom 178 (52.5 %) had passed 

high/ higher secondary school. Among the husbands, 391 (83 %) of 471 were literate. Of 
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484 women, 354 (73 %) had some source of income, with 200 (41.3 %) being agricultural 

laborers. The husbands had been working as truckers for an average of 12 years (Table 1).

Marital/Sexual Relationships of Truckers and Their Wives

Forty one (9 %) of 471 wives and 138 (30 %) of 461 truck drivers reported their sexual 

debut occurring before marriage. Of 471 truck drivers, 342 (73 %) slept at home for 14 days 

or less in the month prior to the survey. Sexual relationship control within marriage was 

reported to be low by 197 (43 %) of 454 wives. The average marital relationship-related 

attitude score was 9.9 (95 % CI 9.6–10.2) among 421 truckers and was significantly lower 

than the average score of 11.1 (95 % CI 10.8–11.4) among the wives, indicating male 

dominance in the marriage. Sexual relationships with spouses were rated as good/excellent 

by 419 (82 %) of 486 wives and 351 (77 %) of 454 truckers. Of 475 wives, 418 (88 %) 

reported vaginal intercourse with their husband during the past month an average of eight 

times (range, 1–30). Of the 447 wives, 175 (41 %) were usually involved in making the 

decisions, either solely or with their husband, about using condoms during intercourse. 

Condoms were reported to be never used during vaginal intercourse with husbands by 315 

(68 %) of 463 wives (Table 1). Alcohol was usually consumed before intercourse by 111 (24 

%) of 462 truckers. A total of 213 (46 %) of the 461 truckers reported consuming alcohol 

before their last intercourse.

Overall, 52 (11 %) of 469 wives and 132 (28 %) of 466 truckers reported other sexual 

partners of the opposite gender that included regular (non-paying), casual or paid/paying 

partners in the past three months prior to the survey. Twenty one (72 %) of 29 wives who 

responded rated the quality of sexual relationships with their regular extramarital partners as 

good/excellent, compared to 82 % of 486 wives who rated their relations with their husbands 

similarly (χ2 = 2.14, df = 1). Twenty four (73 %) of 33 wives who responded to the question 

about the decision to use condoms were the decision makers, solely or with their regular 

partner. This was significantly different from the decision-making role with their husbands 

(χ2 = 80.3, df = 1, p<.0001). Of the 32 wives who responded, 29 (91 %) reported no/ 

occasional use of condoms during vaginal intercourse with regular partners. The most 

common reasons for not using condoms included feeling they were not necessary with 

regular partners (59 %), partner not liking condoms (57 %), and use of other contraceptive 

methods by the women (55 %). Thirteen (3 %) of 468 wives ever had a paying male partner, 

among whom four of five reported having sex during husbands’ absences. Five of 12 wives 

who responded reported using condoms during last vaginal intercourse with extramarital 

partners. This was significantly higher than condom use with husbands (Fisher’s exact test, p 

= .01). Ever having a casual male partner was reported by 18 (4 %) of 467 wives, with seven 

of them reporting between one and four partners. The male partners of nine (60 %) of the 15 

wives who responded to the question made the decision about using condoms. Only two (12 

%) of 16 wives reported condom use during last vaginal intercourse with an extramarital 

partner. Twenty-two (5 %) of 465 truckers reported having a sexual relationship with 

another man or transgender (Table 1).
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Knowledge About STIs and HIV/AIDS and Risk Perception

Of the 468 wives, 336 (72 %) knew at least one female STI symptom, and among the 

truckers, 370 (83 %) of 471 knew at least one male symptom. Any STI symptom in the last 

12 months was reported by 65 (14 %) wives and 98 (21 %) truckers. Among the 483 wives 

and 473 truck drivers, 416 (86 %) and 447 (94 %), respectively, reported hearing about HIV/

AIDS before the survey. Of 461 wives, 318 (69 %) knew that HIV infection can be 

prevented. Only 30 (8 %) of 396 wives who responded to all the HIV knowledge-related 

questions gave correct answers for all items. Overall, 399 (85 %) of 470 truckers knew that 

HIV can be prevented, but only 15 (4 %) of them gave correct answers for all the questions 

(Table 1). Of 463 wives who responded, 455 (98 %) did not feel at risk for HIV infection. 

The level of risk felt for their husbands was reported as moderate to high by 50 (11 %) of 

457 wives. Seventy (16 %) of 450 truckers felt themselves to be at risk for HIV infection, 

but only 10 (2 %) of 444 felt that their wife was at risk.

Prevalence and Characteristics of AI Reported by the Truck Drivers

Responses to ever having AI were available from 413 couples. Among them, AI was 

reported by 10 couples and 339 reported negatively, giving an overall concordance of 84.5 

%. Sixty-one (13 %) of 467 truckers reported ever having AI with their wife. Seventeen (47 

%) of 36 truckers who responded to the question never used condoms during AI with their 

wife. Of the 32 truckers who responded, 24 (75 %) felt that condoms were not necessary 

during AI or at all with their wife. Of the 78 truckers who responded, 12 (15 %) reported AI 

with women other than their wives. Twenty-two (5 %) of 465 truckers reported practicing 

receptive or insertive AI with a male or transgender.

Fifty-four percent of the truckers reporting AI were educated up to high school, compared to 

40 % among those who did not report AI (p = .016). Forty-three percent of the truckers 

reporting AI had their sexual debut before marriage, compared to 28 % who did not report 

AI (p = .027). Forty percent of the truck drivers who reported AI had a female sexual partner 

other than their wife, compared to 26 % among those who did not report AI (p = .048). 

Fewer of the truckers reporting AI never used condoms during vaginal intercourse with their 

wives than those who did not report AI (43 vs. 70 %, p<.001). Among those reporting AI, 9 

% reported having had sex with a male or transgender, compared to 3 % among those who 

did not report AI (p = .031) (Table 2). We did not find any significant differences between 

truckers reporting AI and those who did not, according to the characteristics and behaviors 

of their wives (data not shown).

Prevalence and Characteristics of AI Reported by the Wives of Truckers

Sixty-one (13 %) of 475 wives reported having ever engaging in AI with their husband. 

Twenty-two (55 %) of the 40 wives who responded to the question never used condoms 

during AI with their husband. Of the 32 wives who responded, 22 (69 %) felt that a condom 

was not necessary during AI with their husband. Of the 34 wives who responded, six (18 %) 

reported AI with males other than their husbands.
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Among those reporting AI, 49 % were 18–27 years old compared to 36 % among those who 

did not (p = .004). Fifty-four percent of the wives reporting AI were educated up to high 

school compared to 35 % who did not report AI (p = .002). Thirty nine percent of the wives 

who reported AI had a male sexual partner other than their husband compared to 7 % among 

those who did not report AI (p<.001). Fewer of the wives who reported AI never used 

condoms during vaginal intercourse than those who did not report AI (48 vs. 71 %, p = .

001). Significantly more wives among those who reported AI knew that HIV can be 

prevented and correctly answered all of the HIV knowledge-related questions. Among those 

reporting AI, 25 % of the husbands were 38–55 years old, compared to 47 % in that age 

group who did not report AI (p = .021). Sixty-one percent of the husbands were educated up 

to high school among those who reported AI, compared to 39 % among those who did not 

report AI (p = .002). Husbands having their sexual debut before marriage and feeling at risk 

for HIV infection were significantly more common among those who reported AI (Table 3).

Partner-Specific Characteristics Associated with AI Reported by Truckers 

and Their Wives

After adjusting for relevant covariates, reporting by the truckers of ever practicing AI was 

significantly associated with sexual debut before marriage (adjusted odds ratio [AOR] 1.9; 

95 % CI 1.0–3.4) and having had sex with a male or transgender (AOR 4.0; 95 % CI 1.2–

13.3) (Table 4).

Reporting by the wives of ever practicing AI was significantly associated with the wife 

having a sexual partner(s) other than her husband (AOR 8.8; 95 % CI 3.2–24.0), the wife 

answering all HIV knowledge items correctly (AOR 4.9; 95 % CI 1.9–12.5], husband’s 

sexual debut before marriage (AOR 1.9; 95 % CI 1.0–3.5), and husband perceiving himself 

to be at risk for HIV infection (AOR 2.5; 95 % CI 1.2–5.4) (Table 4).

Discussion

The majority of the truckers and their wives had a high level of satisfaction in their sexual 

relationships with their spouses. Nearly one in 10 wives and 3 in 10 truckers reported ever 

having an extramarital relationship. Condom use during vaginal intercourse was very low 

with spouses and other partners. HIV risk perception for self and spouse was very low 

among both the truckers and their wives.

The reported prevalence of 13 % of truckers and their wives ever engaging in AI was 

relatively high, given the sociocultural and legal context of sexual behaviors in India, where 

anal sex is considered non-normative, heavily stigmatized and, criminal under Section 377 

of Indian Penal Code 63 (repealed by the Delhi High Court in July 2009 for consensual anal 

sex between adults) (Herget, 2006; Judgement on IPC Section 377, 2009). The sexual 

experiences of married women in India are generally influenced by the differences in gender 

power relations, cultural expectations, marital sexual relationships, and perceptions of 

appropriate male and female behavior (George, 1998). It is possible that the women in the 

study were coerced into AI by their husbands. However, we did not find any significant 
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association between marital relationship attitudes or sexual relationship control and 

reporting of AI by the wives.

AI was more common among younger, more educated couples in our study sample. Young 

people, males in particular, may be increasingly exposed to explicit sexual information and 

depictions from the media and pornography (Verma & Mahendra, 2004), including the 

internet, and more open to sexual experimentation. We also hypothesize that some of the 

younger couples could be using AI as an alternative to avoid pregnancy without using the 

traditional methods of contraception, including condoms during vaginal intercourse. An in-

depth exploration into the perceptions and motivations for AI among heterosexual married 

couples is required to achieve a better understanding of the circumstances and to substantiate 

the hypothesis.

The likelihood of using condoms during vaginal intercourse was higher among the wives 

and truckers reporting AI, although not statistically significant in multivariate analysis. 

Further, both the truckers and wives disliked using condoms or felt they were not necessary 

during vaginal intercourse (data not shown). As only a subset of the study participants were 

asked about reasons for inconsistent condom use, we could not ascertain the association of 

the responses regarding AI. Condom use was even less common for AI, with most 

participants feeling it was not necessary. AI could be a way to enjoy the pleasure of 

intercourse without the need for using condoms. However, not using condoms during anal 

sex adds an increased likelihood of infection with STIs, including HIV (Tian et al., 2008).

AI was more common among truckers and wives having extramarital relationships, wives 

having correct HIV-related knowledge, and husbands feeling themselves to be at risk for 

HIV infection. Although a minority of truckers reported having sex with a male or 

transgender, they were more likely to report AI with their wives. We hypothesize that either 

these men might have found AI more pleasurable than vaginal intercourse or had a 

homosexual orientation but were married due to social pressure (Solomon et al., 2010). 

These findings suggest that participants were aware of their own risky behaviors and about 

heterosexual transmission of HIV, but not necessarily via AI, and might perceive AI as safe 

in the context of avoiding transmission of infection to their spouses. There is a widespread 

belief in India that vaginal intercourse is the primary route of sexual transmission of HIV 

and condom use is therefore not deemed necessary for AI (Bhattacharya, 2004; 

Mukhopadadhyay, Nandi, Nundy, & Sivaramayya, 2000; Nag, 1995).

HIV prevention messages for the heterosexual population focus on vaginal sex. Safe-sex 

messages delivered through the media, health care providers, and counselors need to be 

broadened to include specific and explicit information about HIV risks associated with all 

types of sexual activities, including AI.

We did not find a significant association between reported AI and prevalence of HIV 

infection. Our analysis was constrained by the small number of HIV infections, as well as by 

the number of participants reporting AI. Population-level longitudinal studies documenting 

HIV incidence and sexual patterns are required to estimate the impact of AI on the burden 

and spread of infections. Further, AI may have been under-reported or misunderstood as 
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‘sex from behind’ instead of insertive AI, as found in other cross-cultural studies of AI (p. 

Gorbach; personal communication, July 3, 2011).

Our study had several limitations. The non-response rates for several sensitive questions 

were high, leading to missing data. Hence, we used only complete data for subgroup 

analyses, which may have reduced the precision of certain estimates and the power to detect 

all associations. It is difficult to ascertain the temporality of the associations, due to the 

inherent nature of cross-sectional studies. The participants were asked to recall their marital 

and extramarital sexual behaviors over the past 3 months or year (for some items) and may 

have had difficulty remembering all events and/or frequency of the same for all partners. 

Nevertheless, the recall bias should be minimal and non-differential when analyzing the 

association between various sexual behaviors and AI. Further, all questions were asked in a 

similar manner through the C-ACASI system, eliminating interviewer bias contributing to 

differential recall. The sampling frame of truckers was created based on information from 

local networks and non-government organization (NGOs) providing HIV-related services in 

the area. It is possible that we may have missed a few villages with relatively fewer resident 

truckers or those not reached by the NGOs. However, the number of such truckers would be 

low and unlikely to have affected the generalizability of the findings to the study area.

Risky behaviors such as AI can increase the vulnerability of heterosexual couples to 

HIV/STI infection and more so for women (Baggaley et al., 2012). Designing effective and 

culturally sensitive interventions will require more detailed and systematic data on the 

patterns of sexual behaviors within marriage and gender-specific perceptions of AI. A recent 

study among truckers from Hyderabad suggests a high level of willingness to accept new 

HIV prevention interventions (Prem Kumar et al., 2013). It is important to increase 

awareness among Indian heterosexuals, particularly mobile populations, about the greater 

risk of HIV infection consequent to AI.

Acknowledgments

This work was supported by UCLA/Fogarty AIDS International Training & Research Program, Grant number D43 
TW00 0013.

References

Afifi, A.; Clark, V.; May, S. Regression analysis with multicollinearity. 4th. Chapman & Hall/CRC; 
Boca Raton, FL: 2004. 

Aral SO. Sexual risk behaviour and infection: Epidemiological considerations. Sexually Transmitted 
Infections. 2004; 80:ii8–ii12. [PubMed: 15572645] 

Avasthi A, Kaur R, Prakash O, Banerjee A, Kumar L, Kulhara P. Sexual behavior of married young 
women: A preliminary study from north India. Indian Journal of Community Medicine. 2008; 
33:163–167. [PubMed: 19876477] 

Baggaley RF, Dimitrov D, Owen BN, Pickles M, Butler AR, Masse B, et al. Heterosexual anal 
intercourse: A neglected risk factor for HIV? American Journal of Reproductive Immunology. 
2012; 69(Suppl. 1):95–105. [PubMed: 23279040] 

Becker ML, Ramesh BM, Washington RG, Halli S, Blanchard JF, Moses S. Prevalence and 
determinants of HIV infection in South India: A heterogeneous, rural epidemic. AIDS. 2007; 
21:739–747. [PubMed: 17413695] 

Bhatnagar et al. Page 9

Arch Sex Behav. Author manuscript; available in PMC 2015 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Bhatnagar T, Brown J, Saravanamurthy PS, Kumar RM, Detels R. Color-coded audio computer-
assisted self-interviews (C-ACA-SI) for poorly educated men and women in a semi-rural area of 
south India: ‘‘Good, scary and thrilling’’. AIDS and Behavior. 2013; 17:2260–2268. [PubMed: 
23361948] 

Bhattacharya G. Sociocultural and behavioral contexts of condom use in heterosexual married couples 
in India: Challenges to the HIV prevention program. Health Education and Behavior. 2004; 31:101–
117. [PubMed: 14768661] 

Chandrasekaran P, Dallabetta G, Loo V, Rao S, Gayle H, Alexander A. Containing HIV/AIDS in 
India: The unfinished agenda. Lancet Infectious Diseases. 2006; 6:508–521.

Decosas J, Kane F, Anarfi JK, Sodji KD, Wagner, H. U. Migration and AIDS. Lancet. 1995; 346:826–
828. [PubMed: 7674750] 

Fox J, Fidler S. Sexual transmission of HIV-1. Antiviral Research. 2010; 85:276–285. [PubMed: 
19874852] 

George A. Differential perspectives of men and women in Mumbai, India on sexual relations and 
negotiations within marriage. Reproductive Health Matters. 1998; 6:87–96.

Gorbach PM, Manhart LE, Hess KL, Stoner BP, Martin DH, Holmes KK. Anal intercourse among 
young heterosexuals in three sexually transmitted disease clinics in the United States. Sexually 
Transmitted Diseases. 2009; 36:193–198. [PubMed: 19265740] 

Guimaraes MD, Munoz A, Boschi-Pinto C, Castilho EA. HIV infection among female partners of 
seropositive men in Brazil. American Journal of Epidemiology. 1995; 142:538–547. [PubMed: 
7677133] 

Gupta D, Lhewa D, Viswanath R, Jacob SM, Parameshwari S, Radhakrishnan R, et al. Effectiveness of 
antenatal group HIV voluntary counseling and testing services in rural India. AIDS Education and 
Prevention. 2007; 19:187–197. [PubMed: 17563273] 

Hayes R, Kapiga S, Padian N, McCormack S, Wasserheit JN. HIV prevention research: Taking stock 
and the way forward. AIDS. 2010; 24:S81–S92. [PubMed: 21042056] 

Henrica AFM, Watts C. WHO multi-country study on women’s health and life experiences: Core 
questionnaire, Version 10. Geneva, Switzerland: Department of Gender, Women and Health, 
Family and Community Health, World Health Organization. 2003

Herget G. India: UNAIDS claims law criminalizing homosexuality hinders HIV prevention. HIV 
AIDS Policy and Law Review. 2006; 11:35–36.

Javanbakht M, Guerry S, Gorbach PM, Stirland A, Chien M, Anton P, et al. Prevalence and correlates 
of heterosexual anal intercourse among clients attending public sexually transmitted disease clinics 
in Los Angeles County. Sexually Transmitted Diseases. 2010; 37:369–376. [PubMed: 20514690] 

2009. Judgement on IPC Section 377Retrieved from http://www. nazindia.org/judgement_377.pdf

Manhart LE, Aral SO, Holmes KK, Critchlow CW, Hughes JP, Whittington WL, et al. Influence of 
study population on the identification of risk factors for sexually transmitted diseases using a case–
control design: The example of gonorrhea. American Journal of Epidemiology. 2004; 160:393–
402. [PubMed: 15286025] 

Mukhopadadhyay S, Nandi R, Nundy M, Sivaramayya J. Gender dimensions of HIV/AIDS: A 
community based study in Delhi. New Delhi, India: Institute of Social Studies-Trust. 2000

Nag M. Sexual behaviour in India with risk of HIV/AIDS transmission. Health Transition Review. 
1995; 5:293–305.

O’Neil J, Orchard T, Swarankar RC, Blanchard JF, Gurav K, Moses S. Dhandha, dharma and disease: 
Traditional sex work and HIV/AIDS in rural India. Social Science and Medicine. 2004; 59:851–
860. [PubMed: 15177840] 

Pandey A, Benara SK, Roy N, Sahu D, Thomas M, Joshi DK, et al. Risk behaviour, sexually 
transmitted infections and HIV among long-distance truck drivers: A cross-sectional survey along 
national highways in India. AIDS. 2008; 22:S81–S90. [PubMed: 19098482] 

Phillips AE, Lowndes CM, Boily MC, Garnett GP, Gurav K, Ramesh BM, et al. Men who have sex 
with men and women in Bangalore, South India, and potential impact on the HIV epidemic. 
Sexually Transmitted Infections. 2010; 86:187–192. [PubMed: 20522632] 

Bhatnagar et al. Page 10

Arch Sex Behav. Author manuscript; available in PMC 2015 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.nazindia.org/judgement_377.pdf


Prem Kumar SG, Anil Kumar G, Poluru R, Schneider JA, Dandona L, Vemu L, et al. Contact with 
HIV prevention programmes and willingness for new interventions among truckers in India. 
Indian Journal of Medical Research. 2013; 137:1061–1071. [PubMed: 23852287] 

Pulerwitz J, Gortmaker SL, DeJong W. Measuring sexual relationship power in HIV/STD research. 
Sex Roles. 2000; 42:637–660.

Rabe-Hesketh, S.; Skrondal, A. Multilevel and longitudinal modeling using Stata. 2nd. Stata Press; 
College Station, TX: 2008. 

Raizada A, Gupta SB, Kumar A. Sexual practices other than peno-vaginal sex: Perceptions and 
practices in an urban community. Indian Journal of Community Medicine. 2002; 27:177–180.

Rodrigues JJ, Mehendale SM, Shepherd ME, Divekar AD, Gangakhedkar RR, Quinn TC, et al. Risk 
factors for HIV infection in people attending clinics for sexually transmitted diseases in India. 
British Medical Journal. 1995; 311:283–286. [PubMed: 7633230] 

Roye CF, Krauss BJ, Silverman PL. Prevalence and correlates of heterosexual anal intercourse among 
Black and Latina female adolescents. Journal of the Association of Nurses AIDS Care. 2010; 
21:291–301.

Savara M, Sridhar CR. Sexual behaviour of urban educated Indian men: Results of a survey. Journal of 
Family Welfare. 1992; 38:30–43.

Setia MS, Lindan C, Jerajani HR, Kumta S, Ekstrand M, Mathur M, et al. Men who have sex with men 
and transgenders in Mumbai, India: An emerging risk group for STIs and HIV. Indian Journal of 
Dermatology Venereology and Leprology. 2006; 72:425–431.

Setia MS, Sivasubramanian M, Anand V, Row-Kavi A, Jerajani HR. Married men who have sex with 
men: The bridge to HIV prevention in Mumbai, India. International Journal of Public Health. 
2010; 55:687–691. [PubMed: 20680656] 

Singh YN, Malaviya AN. Long distance truck drivers in India: HIV infection and their possible role in 
disseminating HIV into rural areas. International Journal of STD and AIDS. 1994; 5:137–138. 
[PubMed: 8031917] 

Singh SK, Mondal S, Sharma N. Sexual behaviour and practices: A study of male clients of female sex 
workers in Mumbai. Journal of Family Welfare. 2009; 55:39–53.

Skurnick JH, Kennedy CA, Perez G, Abrams J, Vermund SH, Denny T, et al. Behavioral and 
demographic risk factors for transmission of human immunodeficiency virus type 1 in 
heterosexual couples: Report from the Heterosexual HIV Transmission Study. Clinical Infectious 
Diseases. 1998; 26:855–864. [PubMed: 9564464] 

Solomon S, Chakraborty A, Yepthomi RD. A review of the HIV epidemic in India. AIDS Education 
and Prevention. 2004; 16:155–169. [PubMed: 15262573] 

Solomon S, Kumarasamy N, Ganesh AK, Amalraj RE. Prevalence and risk factors of HIV-1 and 
HIV-2 infection in urban and rural areas in Tamil Nadu, India. International Journal of STDs & 
AIDS. 1998; 9:98–103.

Solomon SS, Mehta SH, Latimore A, Srikrishnan AK, Celentano DD. The impact of HIV and high-
risk behaviours on the wives of married men who have sex with men and injection drug users: 
Implications for HIV prevention. Journal of the International AIDS Society. 2010; 13:S7. 
[PubMed: 20573289] 

Steinbrook R. HIV in India: A complex epidemic. New England Journal of Medicine. 2007; 
356:1089–1093. [PubMed: 17360986] 

Tian LH, Peterman TA, Tao G, Brooks LC, Metcalf C, Malotte CK, et al. Heterosexual anal sex 
activity in the year after an STD clinic visit. Sexually Transmitted Diseases. 2008; 35:905–909. 
[PubMed: 18685549] 

van de Laar MJ, Termorshuizen F, Slomka MJ, van Doornum GJJ, Ossewaarde JM, Brown DW, et al. 
Prevalence and correlates of herpes simplex virus type 2 infection: Evaluation of behavioural risk 
factors. International Journal of Epidemiology. 1998; 27:127–134. [PubMed: 9563706] 

Ventuneac A, Carballo-Dieguez A, McGowan I, Dennis R, Adler A, Khanukhova E, et al. 
Acceptability of UC781 gel as a rectal microbicide among HIV-uninfected women and men. AIDS 
and Behavior. 2010; 14:618–628. [PubMed: 19757017] 

Verma RK, Collumbien M. Homosexual activity among rural Indian men: implications for HIV 
interventions. AIDS. 2004; 18:1845–1847. [PubMed: 15316346] 

Bhatnagar et al. Page 11

Arch Sex Behav. Author manuscript; available in PMC 2015 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Verma RK, Mahendra VS. Construction of masculinity in India: A gender and sexual health 
perspective. Journal of Family Welfare. 2004; 50:71–78.

Westreich D, Greenland S. The Table 2 fallacy: Presenting and interpreting confounder and modifier 
coefficients. American Journal of Epidemiology. 2013; 177:292–298. [PubMed: 23371353] 

Bhatnagar et al. Page 12

Arch Sex Behav. Author manuscript; available in PMC 2015 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Conceptual models (Directed Acyclic Graphs) for the association between various 

characteristics/behaviors and ever practicing anal intercourse among truck drivers and their 

wives
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Table 1

Characteristics and behaviors of truck drivers and their wives, Namakkal district, Tamil Nadu, India, 2010

Characteristics/behaviors Wives Truck drivers

N n % M (SD) N n % M (SD)

Sociodemographics

 Age (years) 486 30.1 (6.4) 473 36.7 (6.6)

 Have children 486 456 93.8

 Number of children 486 .9 (.2)

 Literate 486 339 69.8 471 391 83

Main source of income 486

 None 130 26.9

  Agricultural labor 200 41.3

  Non-agricultural 154 31.8

 Mean Monthly income (INR) 340 1,589.7 (530.3) 471 7,447.5 (2,756.1)

Mean Monthly household income (INR) 471 8,599.8 (2,343.8)

Dependent household members 484 4.1 (.8)

Marital relationship-related attitudes score 431 11.1 (1.8) 421 9.9 (2.2)

Sexual relationship control 454

 Low 197 43.4

 Medium 222 48.9

 High 35 7.7

Sexual behavior

 Sex debut before marriage 471 41 8.7 461 138 29.9

 Age at marriage (years) 473 18.2 (2.2) 464 24 .1 (2.2)

 Used condom during last vaginal intercourse 461 57 12.4 463 41 8.9

 Had regular (non-paying/paid) partner of opposite gender other than 
spouse

467 34 7.3 466 67 14.4

 Had paying/paid partner of opposite gender in past 3 months 468 12 2.6 469 10 2.1

 Had casual partner of opposite gender in past 3 months 466 16 3.4 464 26 5.6

HIV-related knowledge responses

 HIV can be prevented by abstaining from sex 466 308 66.1 465 366 78.7

 HIV can be prevented by always using condom during sex 462 337 72.9 464 423 91.2

 HIV can be prevented by having sex with only one partner 464 440 94.8 468 434 92.7

 HIV can be prevented by avoiding sharing of injection syringes/needles 462 384 83.1 465 358 77.0

 HIV can be prevented by checking blood before transfusion 465 438 94.2 463 430 92.9

 HIV cannot be transmitted by bites of mosquitoes or other insects 462 342 73.9 465 330 71.0

 HIV cannot be transmitted by sharing clothes or eating utensils 460 364 79.1 462 383 82.9

 HIV cannot be prevented by eating nutritious food 460 363 78.9 462 355 76.8

 Healthy-looking person can be infected with HIV 455 201 44.2 447 154 34.5

 HIV can be transmitted from mother to child 454 263 57.9 452 244 54.0

 Medicines can help treat people with HIV/AIDS 449 107 23.8 444 117 26.4
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Table 4

Characteristics and behaviors of truck drivers and their wives associated with practicing AI reported by truck 

drivers and their wives, Namakkal district, Tamil Nadu, India, 2010

Characteristics/behaviors AI reported by truck drivers AI reported by wives

Crude odds
ratio 
(95%CI)

p value Adjusted odds
ratio (95%CI)

p value Crude odds
ratio 
(95%CI)

p value Adjusted odds
ratio (95%CI)

p value

Truckers’ characteristics/behaviors

Age (years)

 22–27 1.0 (0.5–1.8) ns 3.1 (1.04–9.4) .043

 28–37 1.7 (0.6–4.5) ns 2.8 (1.4–5.6) .003

 38–55 Ref. Ref.

Education

 ≥ High school 2.7 (1.0–7.4) 0.054 4.0 (1.3–12.1) .013

 Primary/middle school 1.8 (0.7–5.2) ns 2.1 (0.7–6.5) ns

 Illiterate Ref. Ref.

Sexual debut before marriage

 Yes 1.9 (1.1–3.5) .027
1.9 (1.0–3.4)

a .034 1.9 (1.1–3.6) .033
1.9 (1.0–3.5)

b .05

 No Ref. Ref.

Felt at risk for HIV

 Yes 2.1 (1.03–4.4) .041
2.5 (1.2–5.4)

c .015

 No Ref.

Quality of sexual relationship

 Good/excellent 0.3 (0.1–1.0) .058
0.7 (0.4–1.3)

d ns

 Bad/OK Ref.

Condom use during vaginal 
intercourse
 with wife

 Never 0.5 (0.2–1.3) ns
0.5 (0.1–1.6)

e ns

 Sometimes 0.4 (0.1–1.2) ns
1.7 (0.5–5.6)

e ns

 Always/most times Ref.

Had female sexual partner(s) other 
than wife

 Yes 1.9 (1.0–3.4) .037
1.3 (0.7–2.6)

f ns

 No Ref.

Ever had sex with male or 
transgender

 Yes 3.8 (1.2–12.2) .027
4.0 (1.2–13.3)

g .022

 No Ref.

Knew HIV can be prevented

 Yes 1.9 (0.7–5.0) ns
1.4 (0.5–4.1)

g ns

 No Ref.
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Characteristics/behaviors AI reported by truck drivers AI reported by wives

Crude odds
ratio 
(95%CI)

p value Adjusted odds
ratio (95%CI)

p value Crude odds
ratio 
(95%CI)

p value Adjusted odds
ratio (95%CI)

p value

Wives’ characteristics/behaviors

 Age (years)

 18–27 7.3 (1.6–32.8) .009

 28–37 5.1 (1.2–22.9) .031

 38–49 Ref.

 Education

 ≥ High school 3.1 (1.4–6.8) .005

 Primary/middle school 1.8 (0.8–4.1) ns

 Illiterate Ref.

 Condom use during vaginal 
intercourse
 with husband

 Never 0.4 (0.2–0.8) .020
0.4 (0.1–1.1)

h ns

 Sometimes 0.9 (0.4–2.2) ns
1.02 (0.4–2.9)

h ns

 Always/most times Ref.

Had male sexual partner(s) other
 than husband

 Yes 8.6 (4.3–17.4) <.001
8.8 (3.2–24.0)

i <.001

 No Ref.

Correct knowledge about HIV

 Yes 6.2 (2.7–14.6) <.001
4.9 (1.9–12.5)

j .001

 No Ref.

Knew HIV can be prevented

 Yes 3.3 (1.5–7.6) .004
1.6 (0.6–4.1)

k ns

 No Ref.

Sexual relationship control

 High 0.6 (0.2–2.2) ns
0.8 (0.2–3.4)

l ns

 Medium 0.6 (0.3–1.0) ns
0.5 (0.2–1.3)

l ns

 Low Ref.

a
Adjusted for age of truck driver

b
Adjusted for husband’s age

c
Adjusted for husband’s education status and correct knowledge about HIV

d
Adjusted for marital relationship attitudes of truck driver, female sexual partners other than wife, truck driver having sex with male/transgender

e
Adjusted for marital relationship attitudes of truck driver, female sexual partners other than wife, truck driver having sex with male/transgender, 

truck driver’s knowledge that HIV can be prevented

f
Adjusted for marital relationship attitudes of truck driver, truck driver’s knowledge about preventing HIV, truck driver having sex before marriage

g
Adjusted for age and education of truck driver
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h
Adjusted for wife’s age, correct knowledge about HIV, level of relationship control, having male sexual partner(s) other than husband, husband’s 

correct knowledge about HIV

i
Adjusted for wife’s age, income, and correct knowledge about HIV

j
Adjusted for wife’s age and education status

k
Adjusted for wife’s age, education status, and correct knowledge about HIV

l
Adjusted for wife’s age, education status, and income
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