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The results of many laboratory studies suggest that amphetamine use may lead to altered immune
function and cytokine expression, both of which are implicated in HIV-related lymphomagenesis.
We examined the hypothesis that use of amphetamines modifies risk of non-Hodgkin lymphoma
(NHL) in HIV-infected men in the Multicenter AIDS Cohort Study. Data on amphetamine use
were collected every six months during the follow-up period between 1984 and 2002. A total of
171 NHL cases were diagnosed from the 19,250 person-years accrued. Multivariable Cox models
were used to estimate the effects of baseline exposures, time-varying recent exposures, and three
years lagged exposures on risk of NHL adjusting for potential confounders such as demographics,
use of other substances, and risky sexual behaviors. We found that weekly or more frequent use of
amphetamines was associated with an increased risk of NHL, with hazard ratios of 1.75 (95% CI =
0.81–3.77) for use at baseline, 4.73 (1.41–15.81) for recent use, and 3.05 (1.19–7.82) for three
years prior use. Similar associations were observed when we separately examined systemic NHL
and diffuse large B-cell lymphoma. Given these observations, the impact of amphetamines on
lymphomagenesis among HIV-infected populations should be assessed more thoroughly.
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Introduction
HIV-related non-Hodgkin lymphoma (NHL) has been a significant cause of morbidity and
mortality throughout the HIV epidemic [1, 2]. Although the introduction of highly active
antiretroviral therapy (HAART) has dramatically reduced the incidence of primary cerebral
lymphoma, the decline in systemic NHL has only been modest [3–5]. A study examining US
national cancer incidence between 1980 and 2002 showed that persons with HIV/AIDS
continue to have a significantly elevated risk of NHL (standardized incidence ratio = 22) in
the era of HAART [6].

Amphetamine is a commonly used substance among populations at increased risk for
acquiring HIV (e.g., homosexual men and intravenous drug users) [7–9]. In laboratory
studies, amphetamines suppress T cell function and proliferation in mouse models and in
vitro, as well as skew cytokine secretion in a Th2 direction [10–14]. Th2 cytokines such as
IL-10 are direct B cell-stimulatory factors whose overproduction could enhance B cell
activation. It has been suggested that NHL pathogenesis in HIV-infected individuals
involves loss of immunoregulation due to compromised T-cell function and chronic B-cell
hyperactivation driven by chronic exposure to infectious agents and to B-cell stimulatory
cytokines [15, 16].

Therefore, these laboratory findings suggest that use of amphetamines in HIV-infected
persons might affect NHL pathogenesis in multiple ways.

However, few epidemiologic studies have examined the effect of amphetamine use on HIV-
related NHL. An earlier case–control study based on 84 NHL cases diagnosed between 1984
and 1993 in the Multicenter AIDS Cohort Study (MACS) did not find a clear association
between NHL case status and use of amphetamines [17]. Another case–control study found
that lifetime amphetamine use was associated with reduced risk of NHL in HIV-infected
men [18]. Both of these studies examined baseline substance use only, and did not address
the possible adverse effect for heavy/frequent use of amphetamines on incidence of NHL.
Using a prospective study design, we investigated the hypothesis that use of amphetamines,
particularly frequent use of these substances, affects the risk of developing NHL in HIV-
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infected men, using data from the MACS. We conducted survival analyses taking advantage
of the repeated exposure measurements in the MACS.

Materials and methods
Study population

The MACS, started in 1984, is an ongoing cohort study of the natural and treated histories of
HIV-1 infection in men who have sex with men (MSM) [19, 20]. Data collection centers are
located in Chicago IL, Baltimore MD/Washington DC, Pittsburgh PA, and Los Angeles CA.
The study had three recruitment periods: (1) April 1984 to March 1985, when 4,954
predominately white men were enrolled; (2) April 1987 to September 1991, when 668
ethnically more diverse men were enrolled; and (3) October 2001 to August 2003, when
1,350 men, primarily African-American and Latino, were enrolled. Men were recruited
through public service announcements in media, presentations to homosexual organizations,
recruitment by earlier participants, and visits to gay bars and baths. The present study was
based on men in the first and second recruitment periods. The men in the MACS are
followed at approximately six-month intervals. At each study visit, participants complete an
interviewer-administered questionnaire and a physical examination. The interview requests
information on demographic characteristics, sexual and substance use behaviors, and
medical history. Blood is collected at each visit to obtain virologic, serologic, immunologic
and other laboratory measurements, and for a repository of serum, plasma, and peripheral
blood mononuclear cells.

Outcomes
Cancer diagnosis was enquired regularly to study participants at each study visit. For a
reported cancer diagnosis, medical records were obtained and reviewed by MACS study
staff to confirm reports of these conditions. When a cancer diagnosis was confirmed,
information on date of diagnosis, site, histology, diagnosis method, and the availability of
biopsy were recorded and entered into the database. If the subject developed more then one
cancer, information on the first three cancer diagnoses were collected in the study. We
identified NHL by the International Classification for Disease-Oncology version 1 (ICD-
O-1) topography and morphology codes, available in the MACS database since the
beginning of MACS in the 1980s. NHL was identified by morphology codes 959x–964x,
969x, and 975x for this analysis. NHL of the central nervous system (CNS) was identified
with topography codes 191–192. NHL that did not occur in CNS was defined as systemic
NHL.

In 2006, all NHL cases in MACS were recoded and assigned an ICD-O-3 code. ICD-O-3
was then used to identify NHL subtypes. Within systemic NHL, the diffuse large B-cell
lymphoma (DLBCL) subtype was identified using ICD-O-3 histology code 9678–9680 and
9684, while Burkitt's lymphoma was identified using code 9687 and 9826.

Variables
Use of amphetamines was first modeled as a binary variable (any use vs. no use since last
visit). To assess if there was a threshold effect and to examine the dose–response
relationship, amphetamine use was further classified as no use (reference), monthly or less
frequent use, or weekly or more frequent use. A test for linear trend was conducted by
treating amphetamine use as a continuous variable with the following coding: 0 if no use, 12
if monthly or less frequent use, and 52 if weekly or more frequent use. The following
variables were explored as potential confounders: age, education, study center, alcohol use
(non-drinker, ≤2 times per week, >2 times per week), tobacco smoking (non-smoker, <1
pack per day, ≥1 pack per day), use of other substances (i.e., each of marijuana, cocaine, and
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amyl nitrite was classified as “no use,” “monthly or less frequent use,” or “weekly or more
frequent use”), number of male sexual partners since the last study visit (<6, ≥6, 6 is the
75th percentile in the entire study cohort), receptive anal intercourse (RA) and condom use
since the last study visit (no RA, RA with condom use at all times, RA with inconsistent or
no condom use), use of antiretroviral therapy (single, dual, or HAART), and CD4 cell count
(continuous). Given that antiretroviral treatments did not become widely available until
1987, individuals were assumed to have received no therapy from visits 1 to 5 (1984–1986).
We used the CD4 cell count obtained at the previous visit to control for the potential
confounding effect of this variable on use of amphetamines. This ensured that the CD4 cell
count included in the models preceded the substance use reported in the current visit.

Statistical analysis
Analyses were based on persons who were HIV seropositive at the time of study enrollment
(seroprevalent) and those who subsequently acquired HIV (seroconverted). Persons who had
only one HIV-positive study visit were excluded from the analysis. Since the vast majority
(94%) of the NHL cases were of white race, we restricted our analysis to white men.

To understand the correlates for use of amphetamines in this cohort of HIV-positive
homosexual men, we used logistic regression to examine the associations between
amphetamine use and potential confounding factors at the time of study enrollment. We
performed survival analysis using Cox proportional hazards models to examine the
associations between use of amphetamines and risk of NHL. Follow-up started at the first
HIV seropositive visit, and ended at either the time of NHL diagnosis or the last NHL-free
visit. For persons diagnosed with NHL at the time of death, the time of NHL development
was estimated as the mid-point between the time of the last study visit and the time of death.
Potential confounders that suggested an association with NHL in the crude analysis (p-value
<0.10) were adjusted for in the multivariable model, i.e., age, tobacco and alcohol use, use
of other substances (marijuana, cocaine, and amyl nitrites), number of male sexual partners,
receptive anal intercourse and condom use, antiretroviral treatment, and CD4 cell count.

We conducted two separate analyses: (1) using exposure at baseline, i.e., first seropositive
visit (time fixed), and (2) using recent exposure from one prior study visit, defined as the
visit before the study visit under analysis (time-varying). Information on amphetamine use
was not specifically elicited between visits 16–21 (October 1991–September 1994).
Therefore, these visits were excluded from the analysis using recent exposure. Previous
studies suggested that pathogenesis of HIV-related NHL begins three years, or even longer,
before its clinical diagnosis [16, 21–23]. Therefore, to further explore the effect of
amphetamine use in the most relevant exposure period, we conducted an exploratory lagged
analysis that assumed an average induction time of three years for HIV-related NHL. In this
analysis, we used the exposure status for all covariates from at least three years prior in this
time-varying analysis.

Since different NHL subtypes (e.g., systemic vs. CNS, DLBCL vs. Burkitt's lymphoma)
may have different etiologies, we performed an analysis restricted to systemic lymphoma
and DLBCL because these lymphomas are more relevant in the post-HAART era and there
were too few lymphomas of other subtypes to be studied separately. Because use of
amphetamines is expected to be correlated with use of other substances and with unsafe sex
[24, 25], the following informal diagnostic methods were used to assess the presence of
multicollinearity [26]: (1) examination of the statistical associations between these variables;
(2) removing use of marijuana, cocaine, amyl nitrite, as well as unsafe sex variables one at a
time to see if large changes (e.g., >20%) in the estimated regression coefficients for
amphetamine resulted; and (3) examination of whether there was a non-significant
coefficient for an important predictor, such as CD4 cell count. The proportional hazards
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assumption was examined by testing the significance of interaction terms between the use of
amphetamines and categorical variables for follow-up time periods. All analyses were
conducted using SAS statistical software version 9 (Statistical Analyses System Inc, Cary,
NC, USA).

Results
The analyses included 1,788 men infected with HIV at study entry and 461 men who
subsequently became HIV seropositive. These 2,249 men provided 19,250 HIV seropositive
person-visits during 1984–2002. The characteristics of the study population are shown in
Table 1. Use of amphetamines was associated with younger age, lower education, tobacco
smoking, alcohol drinking, use of other substances, numbers of male sexual partners, and
risky sexual behaviors, i.e., inconsistent or no use of condoms. One hundred and seventy-
one NHL cases were diagnosed during the study period, of which 54 occurred in CNS and
117 were systemic lymphomas. Among the systemic lymphomas, 58 were of DLBCL
subtype, 20 were Burkitt's lymphoma, five were of other subtypes, and 32 had no subtype
information (histology was NOS).

In the analysis of baseline exposure, a positive association between NHL and frequent use of
amphetamines (weekly or more frequent, hazard ratio (HR) = 1.75, 95% CI = 0.81–3.77)
was suggested, although the confidence intervals included 1 (Table 2). In the time-varying
exposure analyses, recent frequent amphetamine use was associated with a significantly
increased NHL risk: HR for weekly or more frequent use = 4.73 (1.41–15.81). In the
exploratory analysis for three years lagged exposure, frequent use of amphetamines was
again associated with increased risk of NHL: HR = 3.05 (1.19–7.82). When we separately
examined systemic NHL and DLBCL, similar associations for amphetamine use were
observed in all analyses (Table 2).

The regression coefficient and variance estimates for amphetamine use were not sensitive to
the inclusion or exclusion of the variables of other substance use or sexual practices,
suggesting that multicollinearity was unlikely to have significantly affected the validity of
our results. Use of marijuana, cocaine, and amyl nitrites was not found to be clearly
associated with risk of NHL. We did not find violations for the proportional hazards
assumption in these models.

Discussion
We found that weekly or more frequent use of amphetamines was associated with an
elevated risk of overall NHL and systemic NHL in HIV-infected homosexual men. This
contrasts with the findings of Holly and Lele [18] who reported that lifetime amphetamine/
methamphetamine use was associated with reduced risk of NHL in HIV-infected men in a
case–control study based on 263 NHL cases and 97 controls. This discrepancy could be due
to different substance use behaviors by the two study populations. Holly and Lele [18]
categorized baseline lifetime amphetamine/methamphetamine use as 1–19 times and 20
times or greater. While lifetime amphetamine use of 1–19 times likely represents a very low
level of use, the average use for persons who used amphetamines 20 times or greater may
still be much lower than that for men who report at least weekly use. In our study, baseline
use of amphetamines monthly or less frequently was not associated with risk of NHL (HR =
0.89 (0.57–1.38) and 0.72 (0.41–1.25) for systemic NHL). Therefore, if a possible threshold
effect is present, studies may fail to identify the association if relative high levels of
exposure could not be examined.
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Two case–control studies examined the association between use of amphetamines and non-
HIV-related NHL. Nelson and colleagues [27] examined amphetamine use for up to 16+
times in lifetime in 184 male NHL cases and 184 age-, sex- and race-matched controls. They
did not observe any significant association between this level of amphetamine use and NHL
in the multivariable analyses. Doody et al. [28] examined the impact of medical
amphetamine use by conducting medical chart review. They reported an odds ratio of 2.2
(1.1–4.8) for health plan members who were prescribed amphetamines at least five years
before the diagnosis of the malignancy, and a dose–response relationship with increasing
number of prescription notes. However, amphetamines were largely prescribed for weight
control in this study (61% of notations). Since overweight/obesity has been linked to risk of
NHL [29–32], these results might have been affected by confounding by indication. To our
knowledge, the present study is the first to examine the effect of high frequency of
amphetamine use on risk of NHL. There is a clear need of more cohort studies with
improved control of confounding and exposure measurement to elucidate the association
between use of amphetamines and risk of NHL in both HIV-infected and HIV-uninfected
populations.

Biologically plausible mechanisms for the positive association between amphetamine use
and risk of NHL have been reported by laboratory studies. These include a potential
suppressive effect of amphetamines on T lymphocytes, and biasing of cytokine secretion
toward Th2 cytokine. The association between frequent amphetamine use and DLBCL,
which are not uniformly EBV-positive cancers, suggests that immunomodulatory effects
other than loss of immunosurveillance to EBV, e.g., B cell hyperactivation, may be one
pathogenic mechanism in HIV infected amphetamine users. However, marijuana and
cocaine have also been shown to skew cytokine secretion in a Th2 direction and to suppress
cell-mediated immunity [33–37], but use of these drugs was not associated with risk of NHL
in the present study, even at high frequency of use. Therefore, if the observed association for
amphetamines is truly unbiased, it may depend on other biologic effects of amphetamines
that are not shared with marijuana and cocaine. At present, evidence of the
immunomodulatory effects of amphetamines in vivo is mostly based on animal models,
rather than clinical or epidemiological data, which are sparse. An amphetamine derivative,
methylenedioxymethamphetamine (MDMA), has been shown in double-blind human studies
to alter several in vitro measures of immune function, including reduced numbers of
circulating CD4 T cells, reduced mitogen-induced T-cell proliferation, Th2 cytokine biasing,
and increased circulating natural killer cells [38–41]. However, the long-term effects of
amphetamine use on the human immune system and on malignancy outcomes remain
largely unknown and require further investigation.

Elevation of B-cell activation markers in HIV-infected men who developed NHL has been
observed at least three years prior to the clinical onset of disease [16, 21, 23]. These results
suggest that the pathogenesis of HIV-related NHL could be as long as three or more years.
Our findings from the three-year lagged analyses are consistent with this notion. In these
analyses, three years prior use of amphetamines was associated with NHL risk, indicating a
possible role of amphetamines in early lymphomagenesis should the association be causal.
Furthermore, the strong association with recent frequent use of amphetamine suggests that
amphetamines might also play a role in promoting lymphoma progression to clinical onset
of the disease.

Our study has several potential limitations. First, the number of cases exposed to
amphetamines was low, thus limiting our ability to estimate risk precisely. Consequently,
our results should be interpreted with caution and need to be confirmed in larger prospective
studies with a high prevalence of amphetamine use, e.g., intravenous drug users. Second, we
could not rule out the possibility of residual confounding by poorer adherence to
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antiretroviral therapy associated with use of amphetamines. However, the lack of clear
associations between frequent use of the other substances, which is also linked to less
compliance to antiretroviral treatment [42–44], suggests that the association for
amphetamines is unlikely to be entirely explained by residual confounding. Furthermore, we
did not have enough cases to examine selected NHL subtypes that might have a different
etiology (e.g., Burkitt's lymphoma). Finally, MACS did not conduct centralized pathology
review for cancer cases. As a result, the possibility of misclassification for NHL diagnosis
and histology subtype could not be excluded. Despite these limitations, our study has the
substantial strengths of a longitudinal design and detailed exposure/confounder
measurements that allowed assessment for dose-response relationship and lagged exposures,
as well as adjustment for a number of potential confounders. Given our present observation
that frequent use of amphetamines was associated with an increased risk of HIV-related
NHL, the potential carcinogenic effect of amphetamines in HIV-infected as well as
uninfected populations should be more thoroughly assessed.

Acknowledgments
The Multicenter AIDS Cohort Study (MACS) includes the following: Baltimore: The Johns Hopkins University
Bloomberg School of Public Health: Joseph B. Margolick (Principal Investigator), Haroutune Armenian, Barbara
Crain, Adrian Dobs, Homayoon Farzadegan, Joel Gallant, John Hylton, Lisette Johnson, Shenghan Lai, Ned
Sacktor, Ola Selnes, James Shepherd, Chloe Thio, Jay Bream. Chicago: Howard Brown Health Center, Feinberg
School of Medicine, Northwestern University, and Cook County Bureau of Health Services: John P. Phair
(Principal Investigator), Joan S. Chmiel (Co-Principal Investigator), Sheila Badri, Bruce Cohen, Craig Conover,
Maurice O'Gorman, David Ostrow, Frank Palella, Daina Variakojis, Steven M. Wolinsky. Los Angeles: University
of California, UCLA Schools of Public Health and Medicine: Roger Detels (Principal Investigator), Barbara R.
Visscher (Co-Principal Investigator), Aaron Aronow, Robert Bolan, Elizabeth Breen, Anthony Butch, Thomas
Coates, Rita Effros, John Fahey, Beth Jamieson, Otoniel Martínez-Maza, Eric N. Miller, John Oishi, Paul Satz,
Harry Vinters, Dorothy Wiley, Mallory Witt, Otto Yang, Stephen Young, Zuo Feng Zhang. Pittsburgh: University
of Pittsburgh, Graduate School of Public Health: Charles R. Rinaldo (Principal Investigator), Lawrence Kingsley
(Co-Principal Investigator), James T. Becker, Robert L. Cook, Robert W. Evans, John Mellors, Sharon Riddler,
Anthony Silvestre. Data Coordinating Center: The Johns Hopkins University Bloomberg School of Public Health:
Lisa P. Jacobson (Principal Investigator), Alvaro Muñoz (Co-Principal Investigator), Stephen R. Cole, Christopher
Cox, Gypsyamber D'Souza, Stephen J. Gange, Janet Schollenberger, Eric C. Seaberg, Sol Su. NIH: National
Institute of Allergy and Infectious Diseases: Robin E. Huebner; National Cancer Institute: Geraldina Dominguez;
National Heart, Lung and Blood Institute: Cheryl McDonald. UO1-AI-35042, 5-MO1-RR-00722 (GCRC), UO1-
AI-35043, UO1-AI-37984, UO1-AI-35039, UO1-AI-35040, UO1-AI-37613, UO1-AI-35041. Website located at
http://www.statepi.jhsph.edu/macs/macs.html. This work was supported by the National Institute on Drug Abuse
(NIDA)/NIH Grant: RO1 DA08254 and R37 DA03018. O. M.-M. received support from the National Cancer
Institute (NCI)/NIH SPORE in Lymphoma grant P50CA096888.

References
1. Mocroft A, Katlama C, Johnson AM, Pradier C, Antunes F, Mulcahy F, et al. AIDS across Europe

1994–98: the Euro SIDA study. Lancet. 2000; 356(9226):291–296.10.1016/
S0140-6736(00)02504-6 [PubMed: 11071184]

2. Aboulafia DM, Pantanowitz L, Dezube BJ. AIDS-related non-Hodgkin lymphoma: still a problem
in the era of HAART. AIDS Read. 2004; 14(11):605–617. [PubMed: 15570672]

3. Goedert JJ. The epidemiology of acquired immunodeficiency syndrome malignancies. Semin Oncol.
2000; 27(4):390–401. [PubMed: 10950365]

4. International Collaboration on HIV and Cancer. Highly active antiretroviral therapy and incidence
of cancer in human immunodeficiency virus-infected adults. J Natl Cancer Inst. 2000; 92(22):1823–
1830.10.1093/jnci/92.22.1823 [PubMed: 11078759]

5. Clifford GM, Polesel J, Rickenbach M, Dal Maso L, Keiser O, Kofler A, et al. Cancer risk in the
Swiss HIV cohort study: associations with immunodeficiency, smoking, and highly active
antiretroviral therapy. J Natl Cancer Inst. 2005; 97(6):425–432. [PubMed: 15770006]

6. Engels EA, Pfeiffer RM, Goedert JJ, Virgo P, McNeel TS, Scoppa SM, et al. Trends in cancer risk
among people with AIDS in the United States 1980–2002. AIDS. 2006; 20(12):1645–
1654.10.1097/01.aids.0000238411.75324.59 [PubMed: 16868446]

Chao et al. Page 7

Cancer Causes Control. Author manuscript; available in PMC 2010 May 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.statepi.jhsph.edu/macs/macs.html


7. Koblin BA, Murrill C, Camacho M, Xu G, Liu KL, Raj-Singh S, et al. Amphetamine use and sexual
risk among men who have sex with men: results from the National HIV behavioral surveillance
study—New York City. Subst Use Misuse. 2007; 42(10):1613–1628. [PubMed: 17918031]

8. Cofrancesco J Jr, Scherzer R, Tien PC, Gibert CL, Southwell H, Sidney S, et al. Illicit drug use and
HIV treatment outcomes in a US cohort. AIDS. 2008; 22(3):357–365. [PubMed: 18195562]

9. Norden L, Lidman C. Differentiated risk behaviour for HIV and hepatitis among injecting drug
users (IDUs). Scand J Infect Dis. 2005; 37(6–7):493–496.10.1080/00365540510036642 [PubMed:
16012010]

10. Connor TJ, McNamara MG, Finn D, Currid A, O'Malley M, Redmond AM, et al. Acute 3, 4-
methylenedioxymethamphetamine(MDMA) administration produces a rapid and sustained
suppression of immune function in the rat. Immunopharmacology. 1998; 38(3):253–260.10.1016/
S0162-3109(97)00084-2 [PubMed: 9506825]

11. Connor TJ. Methylenedioxymethamphetamine (MDMA, ‘Ecstasy’): a stressor on the immune
system. Immunology. 2004; 111(4):357–367.10.1111/j.0019-2805.2004.01847.x [PubMed:
15056370]

12. Freire-Garabal M, Balboa JL, Nunez MJ, Castano MT, Llovo JB, Fernandez-Rial JC, et al. Effects
of amphetamine on T-cell immune response in mice. Life Sci. 1991; 49(16):L107–
L112.10.1016/0024-3205(91)90570-2

13. House RV, Thomas PT, Bhargava HN. Comparison of immune functional parameters following in
vitro exposure to natural and synthetic amphetamines. Immunopharmacol Immunotoxicol. 1994;
16(1):1–21.10.3109/08923979409029897 [PubMed: 8169319]

14. Nunez-Iglesias MJ, Castro-Bolano C, Losada C, Pereiro-Raposo MD, Riveiro P, Sanchez-Sebio P,
et al. Effects of amphetamine on cell mediated immune response in mice. Life Sci. 1996;
58(2):L29–L33.

15. Martinez-Maza O, Widney D, van der MM, Knox R, Echeverri A, Breen EC, et al. Immune
dysfunction and the pathogenesis of AIDS-associated non-Hodgkin's lymphoma. Mem Inst
Oswaldo Cruz. 1998; 93(3):373–381.10.1590/S0074-02761998000300019 [PubMed: 9698872]

16. Martinez-Maza O, Breen EC. B-cell activation and lymphoma in patients with HIV. Curr Opin
Oncol. 2002; 14(5):528–532.10.1097/00001622-200209000-00009 [PubMed: 12192272]

17. Armenian HK, Hoover DR, Rubb S, Metz S, Martinez-Maza O, Chmiel J, et al. Risk factors for
non-Hodgkin's lymphomas in acquired immunodeficiency syndrome (AIDS). Am J Epidemiol.
1996; 143(4):374–379. [PubMed: 8633621]

18. Holly EA, Lele C. Non-Hodgkin's lymphoma in HIV-positive and HIV-negative homosexual men
in the San Francisco Bay area: allergies, prior medication use, and sexual practices. J Acquir
Immune Defic Syndr Hum Retrovirol. 1997; 15(3):211–222. [PubMed: 9257656]

19. Kaslow RA, Ostrow DG, Detels R, Phair JP, Polk BF, Rinaldo CR Jr. The multicenter AIDS
cohort study: rationale, organization, and selected characteristics of the participants. Am J
Epidemiol. 1987; 126(2):310–318. [PubMed: 3300281]

20. Detels R, English P, Visscher BR, Jacobson L, Kingsley LA, Chmiel JS, et al. Seroconversion,
sexual activity, and condom use among 2915 HIV seronegative men followed for up to 2 years. J
Acquir Immune Defic Syndr. 1989; 2(1):77–83. [PubMed: 2918462]

21. Breen EC, Boscardin WJ, Detels R, Jacobson LP, Smith MW, O'Brien SJ, et al. Non-Hodgkin's B
cell lymphoma in persons with acquired immunodeficiency syndrome is associated with increased
serum levels of IL10, or the IL10 promoter-592 C/C genotype. Clin Immunol. 2003; 109(2):119–
129.10.1016/S1521-6616(03)00214-6 [PubMed: 14597210]

22. Breen EC, Epeldegui M, Boscardin WJ, Widney DP, Detels R, Martinez-Maza O. Elevated levels
of soluble CD44 precede the development of AIDS-associated non-Hodgkin's B-cell lymphoma.
AIDS. 2005; 19(15):1711–1712.10.1097/01.aids.0000184924.04983.7c [PubMed: 16184051]

23. Breen EC, Fatahi S, Epeldegui M, Boscardin WJ, Detels R, Martinez-Maza O. Elevated serum
soluble CD30 precedes the development of AIDS-associated non-Hodgkin's B cell lymphoma.
Tumour Biol. 2006; 27(4):187–194.10.1159/000093022 [PubMed: 16651853]

24. Hirshfield S, Remien RH, Humberstone M, Walavalkar I, Chiasson MA. Substance use and high-
risk sex among men who have sex with men: a national online study in the USA. AIDS Care.
2004; 16(8):1036–1047.10.1080/09540120412331292525 [PubMed: 15511735]

Chao et al. Page 8

Cancer Causes Control. Author manuscript; available in PMC 2010 May 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



25. Rotheram-Borus MJ, Mann T, Chabon B. Amphetamine use and its correlates among youths living
with HIV. AIDS Educ Prev. 1999; 11(3):232–242. [PubMed: 10407457]

26. Neter, J.; Wasserman, W.; Kutner, MH. Applied linear statistical models. IRWIN Inc; Illinois:
1990.

27. Nelson RA, Levine AM, Marks G, Bernstein L. Alcohol, tobacco and recreational drug use and the
risk of non-Hodgkin's lymphoma. Br J Cancer. 1997; 76(11):1532–1537. [PubMed: 9400954]

28. Doody MM, Linet MS, Glass AG, Curtis RE, Pottern LM, Rush BB, et al. Risks of non-Hodgkin's
lymphoma, multiple myeloma, and leukemia associated with common medications. Epidemiology.
1996; 7(2):131–139.10.1097/00001648-199603000-00005 [PubMed: 8834551]

29. Batty GD, Shipley MJ, Jarrett RJ, Breeze E, Marmot MG, Smith GD. Obesity and overweight in
relation to organ-specific cancer mortality in London (UK): findings from the original Whitehall
study. J Obes (Lond). 2005; 29(10):1267–1274.10.1038/sj.ijo.0803020

30. Skibola CF. Obesity, diet and risk of non-Hodgkin lymphoma. Cancer Epidemiol Biomarkers Prev.
2007; 16(3):392–395.10.1158/1055-9965.EPI-06-1081 [PubMed: 17337642]

31. Larsson SC, Wolk A. Obesity and risk of non-Hodgkin's lymphoma: a meta-analysis. Int J Cancer.
2007; 121(7):1564–1570.10.1002/ijc.22762 [PubMed: 17443495]

32. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and incidence of
cancer: a systematic review and meta-analysis of prospective observational studies. Lancet. 2008;
371(9612):569–578.10.1016/S0140-6736(08)60269-X [PubMed: 18280327]

33. Shay AH, Choi R, Whittaker K, Salehi K, Kitchen CM, Tashkin DP, et al. Impairment of
antimicrobial activity and nitric oxide production in alveolar macrophages from smokers of
marijuana and cocaine. J Infect Dis. 2003; 187(4):700–704.10.1086/368370 [PubMed: 12599091]

34. Baldwin GC, Roth MD, Tashkin DP. Acute and chronic effects of cocaine on the immune system
and the possible link to AIDS. J Neuroimmunol. 1998; 83(1–2):133–138.10.1016/
S0165-5728(97)00229-4 [PubMed: 9610681]

35. Klein TW, Newton CA, Nakachi N, Friedman H. Delta 9-tetrahydrocannabinol treatment
suppresses immunity and early IFN-gamma, IL-12, and IL-12 receptor beta 2 responses to
Legionella pneumophila infection. J Immunol. 2000; 164(12):6461–6466. [PubMed: 10843702]

36. Klein TW, Newton C, Larsen K, Lu L, Perkins I, Nong L, et al. The cannabinoid system and
immune modulation. J Leukoc Biol. 2003; 74(4):486–496.10.1189/jlb.0303101 [PubMed:
12960289]

37. Pellegrino T, Bayer BM. In vivo effects of cocaine on immune cell function. J Neuroimmunol.
1998; 83(1–2):139–147.10.1016/S0165-5728(97)00230-0 [PubMed: 9610682]

38. Pacifici R, Pichini S, Zuccaro P, Farre M, Segura M, Ortuno J, et al. Paroxetine inhibits acute
effects of 3, 4-methylenedioxymethamphetamine on the immune system in humans. J Pharmacol
Exp Ther. 2004; 309(1):285–292.10.1124/jpet.103.061374 [PubMed: 14722327]

39. Pacifici R, Zuccaro P, Farre M, Pichini S, Di Carlo S, Roset PN, et al. Cell-mediated immune
response in MDMA users after repeated dose administration: studies in controlled versus
noncontrolled settings. Ann NY Acad Sci. 2002; 965:421–433. [PubMed: 12105117]

40. Pacifici R, Zuccaro P, Farre M, Pichini S, Di Carlo S, Roset PN, et al. Effects of repeated doses of
MDMA “ecstasy” on cell-mediated immune response in humans. Life Sci. 2001; 69(24):2931–
2941.10.1016/S0024-3205(01)01373-X [PubMed: 11720096]

41. Pacifici R, Zuccaro P, Hernandez LC, Pichini S, Di Carlo S, Farre M, et al. Acute effects of 3, 4-
methylenedioxymethamphetamine alone and in combination with ethanol on the immune system
in humans. J Pharmacol Exp Ther. 2001; 296(1):207–215. [PubMed: 11123382]

42. Hicks PL, Mulvey KP, Chander G, Fleishman JA, Josephs JS, Korthuis PT, et al. The impact of
illicit drug use and substance abuse treatment on adherence to HAART. AIDS Care. 2007; 19(9):
1134–1140.10.1080/09540120701351888 [PubMed: 18058397]

43. Mills EJ, Nachega JB, Bangsberg DR, Singh S, Rachlis B, Wu P, et al. Adherence to HAART: a
systematic review of developed and developing nation patient-reported barriers and facilitators.
PLoS Med. 2006; 3(11):e438.10.1371/journal.pmed.0030438 [PubMed: 17121449]

44. Martini M, Recchia E, Nasta P, Castanotto D, Chiaffarino F, Parazzini F, et al. Illicit drug use: can
it predict adherence to antiretroviral therapy? Eur J Epidemiol. 2004; 19(6):585–587.10.1023/
B:EJEP.0000032353.03967.ef [PubMed: 15330132]

Chao et al. Page 9

Cancer Causes Control. Author manuscript; available in PMC 2010 May 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Chao et al. Page 10

Table 1

Characteristics of the 2,249 HIV-infected white men at baselinea and during follow-up, 1984–2002

Subjects (n = 2,249)
(Baselinea characteristics)

Number (%)b

Person-years
(n = 19,250)

Age (years) 32.8 (28.5/37.9)c

Education

 Less then college degree 1046 (46.5)

 College degree or higher 1178 (52.4)

Use of amphetamines in the past six months

 None 1576 (70.1) 16050 (83.4)

 Monthly or less frequent 527 (23.4) 2036 (10.6)

 Weekly or more frequent 85 (3.8) 404 (2.1)

Use of marijuana in the past six months

 None 573 (25.5) 8806 (45.7)

 Monthly or less frequent 934 (41.5) 5708 (29.7)

 Weekly or more frequent 735 (32.7) 4495 (23.4)

Use of cocaine in the past six months

 None 1297 (57.7) 14859 (77.2)

 Monthly or less frequent 863 (38.4) 3591 (18.7)

 Weekly or more frequent 83 (3.7) 565 (2.9)

Use of amyl nitrites in the past six months

 None 626 (27.8) 10956 (56.9)

 Monthly or less frequent 969 (43.1) 5217 (27.1)

 Weekly or more frequent 85 (3.8) 2828 (14.7)

Tobacco Smoking in the past six months

 No 1327 (59.0) 12621 (65.6)

 <1 pack per day 338 (15.0) 2615 (13.6)

 ≥1 pack per day 575 (25.6) 3972 (20.6)

Alcohol drinking in the past six months

 No 176 (7.8) 1637 (8.5)

 ≤2 times/week 1157 (51.4) 10157 (52.8)

 >2 times/week 900 (40.0) 6030 (31.3)

Number of male sexual partners in the past six months

 <6 1106 (49.2) 14214 (73.8)

 ≥6 1140 (50.7) 4660 (24.2)

Receptive anal sex (RA) in the past six months

 No 341 (15.2) 8691 (45.1)

 RA with use of condoms at all times 235 (10.4) 4409 (22.9)

 RA with inconsistent or no use of condom 1647 (73.2) 5672 (29.5)

Baseline CD4 lymphocyte count (/μl) 578 (422/770)c

a
Baseline defined as the first HIV seropositive study visit
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b
Percent may not add up to 100% due to missing values

c
Median (25/75 percentile)
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