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a b s t r a c t

Mind ful ness med i ta tion train ing has stress reduc tion ben e fits in var i ous patient pop u la tions, but its 

effects on bio log i cal mark ers of HIV-1 pro gres sion are unknown. The pres ent study tested the effi cacy 

of an 8-week Mind ful ness-based stress reduc tion (MBSR) med i ta tion pro gram com pared to a 1-day con-

trol sem i nar on CD4+ T lym pho cyte counts in stressed HIV infected adults. A sin gle-blind ran dom ized 

con trolled trial was con ducted with enroll ment and fol low-up occur ring between Novem ber 2005 and 

Decem ber 2007. A diverse com mu nity sam ple of 48 HIV-1 infected adults was ran dom ized and entered 

treat ment in either an 8-week MBSR or a 1-day con trol stress reduc tion edu ca tion sem i nar. The primary 

out come was cir cu lat ing counts of CD4+ T lym pho cytes. Par tic i pants in the 1-day con trol sem i nar showed 

declines in CD4+ T lym pho cyte counts whereas counts among par tic i pants in the 8-week MBSR pro gram 

were unchanged from base line to post-inter ven tion (time £ treat ment con di tion inter ac tion, p = .02). This 

effect was inde pen dent of an ti ret ro vi ral (ARV) med i ca tion use. Addi tional anal y ses indi cated that treat-

ment adher ence to the mind ful ness med i ta tion pro gram, as mea sured by class atten dance, med i ated 

the effects of mind ful ness med i ta tion train ing on buf fer ing CD4+ T lym pho cyte declines. These find ings 

pro vide an ini tial indi ca tion that mind ful ness med i ta tion train ing can buffer CD4+ T lym pho cyte declines 

in HIV-1 infected adults.

 Clin i cal Tri als Reg is tra tion: clin i cal tri als.gov, Iden ti fier: NCT00600561.

© 2008 Else vier Inc. All rights reserved.
1. Intro duc tion

Although great advances have been made in an ti ret ro vi ral 

(ARV) treat ment of HIV-1 infec tion, there is still var i abil ity in treat-

ment out come (May et al., 2006). Psy cho log i cal stress may account 

for some of this var i abil ity, as ani mal and human stud ies have dem-

on strated that stress accel er ates HIV-1 dis ease path o gen e sis and 

impairs the bio log i cal impact of ARV treat ment (for review, see 

Cohen et al., 2007; Cole et al., 2001; Iron son et al., 2005). Con sis-

tent with this, recent stud ies indi cate that behav ioral stress man-

age ment inter ven tions may improve bio log i cal indi ca tors of HIV-

1 path o gen e sis (An ton i et al., 2006; Pet rie et al., 2004, cf. Cre paz 

et al., 2008), but it is unknown whether mind ful ness med i ta tion 

impacts HIV-1 pro gres sion (Osp in a et al., 2007; Rob in son et al., 

2003).

The Mind ful ness-based stress reduc tion (MBSR) pro gram 

(Kabat-Zinn, 1982) is a stan dard ized and ma nu al ized 8-week 

mind ful ness med i ta tion train ing inter ven tion that has been shown 
nc. All rights reserved.

.

ell).
to reduce stress and improve self-reported health out comes in a 

vari ety of patient pop u la tions (Brown et al., 2007). In the MBSR 

pro gram, par tic i pants practice a series of guided mind ful ness 

med i ta tion exer cises in weekly clas ses and at home daily (e.g., 

body aware ness, mind ful stretch ing, sit ting med i ta tion, and mind-

ful ness in daily life prac tices). It is thought that the MBSR pro gram 

helps par tic i pants bring a more open and recep tive aware ness to 

their pres ent moment expe ri ences in daily life, facil i tat ing a greater 

rec og ni tion and reg u la tion of stress (Brown et al., 2007). Cur rently, 

few inves ti ga tions have exam ined the effects of MBSR on immune 

out comes or bio log i cal stress path ways, but ini tial stud ies in this 

area indi cate that MBSR may have sal u tary effects on anti body titer 

response to influ enza vac ci na tion (David son et al., 2003), cyto kine 

sig nal ing in can cer patients (Carl son et al., 2007, 2003), and NK 

cell num bers and cyto toxic activ ity in HIV patients (Rob in son et 

al., 2003). Fur ther, some recent evi dence sug gests that MBSR may 

reduce total daily sal i vary cor ti sol output at fol low-up (Carl son 

et al., 2007), an effect that may be con sis tent with stress reduc-

tion. An ini tial pilot study of MBSR in HIV-1 indi cated that mind-

ful ness med i ta tion train ing can impact immune sys tem func tion  

(Rob in son et al., 2003), but did not assess mark ers of HIV-1 path-

o gen e sis, such as CD4+ T lym pho cytes and HIV viral load. Thus, 

http://www.sciencedirect.com/science/journal/08891591
http://www.elsevier.com/locate/ybrbi
mailto:creswell@cmu.edu 
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a sin gle blind ran dom ized con trolled trial was con ducted to test 

whether an 8-week MBSR pro gram buf fers CD4+ T lym pho cyte 

declines in a com mu nity sam ple of HIV-1 infected adults.

2. Meth ods

2.1. Par tic i pants

Study par tic i pants were recruited through HIV/AIDS com mu-

nity agen cies in Los Ange les. To qual ify for the study, par tic i pants 

had to be diag nosed HIV-positive for >6 months, English-speak ing, 

and over age 18. In order to recruit a sam ple who was at risk for 

stress-asso ci ated CD4+ T lym pho cyte declines (Cohen et al., 2007), 

par tic i pants had to report at least min i mal symp toms of psy cho-

log i cal dis tress at base line as mea sured by depres sive symp tom-

atol ogy (>4 on the Patient Health Ques tion naire-9(PHQ-9)) (Spit zer 

et al., 2000). Par tic i pants were excluded for any sub stance abuse 

or psy chi at ric treat ment in the past 30 days, were cur rently diag-

nosed with AIDS (or had CD4+ T lym pho cytes <200 cells/mm3), had 

hep a ti tis, or indi cated a reg u lar mind-body practice (e.g., tai chi, 

med i ta tion) in the past six months. A CON SORT flow chart (Fig. 1) 

depicts the flow of par tic i pants retained at each phase of the trial.

2.2. Pro ce dure

All study pro ce dures were approved by the UCLA IRB, and writ-

ten informed con sent was obtained from all par tic i pants prior to 

base line. Par tic i pants were enrolled and com pleted the base line 

assess ment over a four-month period, and were then ran dom ized 

to either the 8-week MBSR or 1-day con trol inter ven tion.

The 8-week MBSR pro gram (Kabat-Zinn, 1990) included eight 

weekly 120-min group ses sions, a day-long retreat in the sev-

enth week, and daily home mind ful ness med i ta tion practice. The 

group ses sions con sisted of instruc tor-guided mind ful ness body 

aware ness activ i ties, mind ful ness med i ta tions, mind ful stretch-

ing, and group dis cus sions. A six-hour day-long retreat in week 

6–7 of the MBSR pro gram focused on inte grat ing and elab o rat-

ing on the exer cises the par tic i pants learned dur ing the 8-week 

Assessed for Eligibility 
(N= 296) 

Excluded at screening (N= 204) 
        -AIDS diagnosis (n=88) 
        -Hepatitis (n=67) 
        -Psychiatric disorder (n=42) 
        -Illicit drug use (n=36) 
        -Opportunistic infection (n=34) 
        -Mind-body practice (n=21) 
        -Unreachable (n=13) 
        -Low distress (n=10) 
       -Other (n=10)

Randomized
(n = 67) 

Allocated to 1-Day MBSR Class (n = 26) Allocated to 8-week MBSR (n = 41)
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Fig. 1. CON SORT flow chart of par tic i pants retained at each stage of the trial.
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course. Finally, par tic i pants were instructed to practice 30 min of 

audio-guided mind ful ness exer cises each day at home dur ing the 

8-week pro gram. The one-day stress edu ca tion MBSR pro gram 

was a condensed ver sion of the 8-week MBSR pro gram. Par tic i-

pants in this con di tion attended a day-long 6 h sem i nar where they 

received infor ma tion, instruc tion, and practice in the same mind-

ful ness prac tices taught in the 8-week pro gram, includ ing group 

dis cus sions. Instruc tors did not dis cuss or encour age par tic i pants 

to start home or daily-life mind ful ness prac tices in the one-day 

MBSR con di tion. The one-day MBSR pro gram was admin is tered 

between weeks 4-6 dur ing the 8-week pro gram.

Post-inter ven tion assess ment of CD4+ T lym pho cyte lev els was 

com pleted for all par tic i pants within two-weeks of the last ses sion 

of the 8-week pro gram. Par tic i pants were enrolled on a roll ing 

basis, and ran dom ized in one of four cohorts between Feb ru ary 

2006 and Octo ber 2007. A 2:1 (8-week MBSR, one-day edu ca tion) 

ran dom i za tion schedule was employed, and study assess ment per-

son nel were blind to par tic i pant con di tion.

2.3. Mea sures

Periph e ral blood CD4+ T lym pho cyte lev els and con cen tra tions 

of HIV-1 RNA were assessed at base line and post-inter ven tion. 

CD4+ T lym pho cyte lev els were deter mined by flow cytom e try 

and com plete blood count by a licensed clin i cal ref er ence lab o ra-

tory, and plasma HIV-1 RNA con cen tra tions were assayed by an 

Am pli cor HIV-1 Mon i tor assay (Roche Diag nos tics, Indi a nap o lis, 

IN). MBSR treat ment adher ence was assessed by MBSR class atten-

dance. A mea sure of total class atten dance was deter mined by sum-

ming the num ber of hours of MBSR class attended from atten dance 

sheets by study staff (2 h for each MBSR class, 6 h for the one-day 

MBSR retreat, and 6 h for the 1-day edu ca tion inter ven tion).

2.4. Sta tis ti cal anal y sis

Sta tis ti cal anal y ses were con ducted on the treat ment par tic i-

pants (N = 48), and on the entire ran dom ized sam ple (N = 67). Treat-

ment par tic i pants (N = 48) were defined as those who attended at 

least one study class. Data were ana lyzed using mixed effects lin-

ear mod els treat ing study con di tion and time (base line vs. post-

inter ven tion) as fixed effects. Primary anal y ses mod eled time as 

a repeated mea sure, sub ject con di tion, and a time £ treat ment 

inter ac tion term. Ancil lary anal y ses with covar i ates and treat ment 

adher ence mod eled these vari ables as fixed effects pre dic tors.

3. Results

Par tic i pants in both treat ment arms indi cated mod er ate psy cho-

log i cal dis tress at base line (M = 9.8, SD = 3.7), and lev els of psy cho-

log i cal dis tress were not sig nifi  cantly dif fer ent between treat ment 

groups at base line (Table 1). The two treat ment groups did not 

dif fer on any other mea sured char ac ter is tics at base line (Table 1). 

As shown in Table 1, con trol par tic i pants had slightly higher CD4+ 

T lym pho cytes at base line, greater ARV use at post-inter ven tion, 

and had a higher pro por tion of het er o sex ual par tic i pants, although 

these dif fer ences did not reach con ven tional lev els of sta tis ti cal 

sig nifi  cance (all p’s > .08). These dif fer ences would be expected to 

favor the con trol group and thus could not account for any positive 

inter ven tion effects observed. It is also pos si ble that these dif fer-

ences could reflect dif fer ent study pop u la tions due to study drop-

out rates or other fac tors. To min i mize any potential con found ing 

effects, ancil lary anal y ses were con ducted (described below) to 

con trol for ARV use, num ber of days between the pre- and post-

test assess ments, sex ual ori en ta tion, and age.

The aver age par tic i pant in the study was male, Afri can Amer-

i can, homo sex ual, unem ployed, and not on ARV med i ca tion. Par-

tic i pants on ARV med i ca tions indi cated an aver age self-reported 

adher ence of M = .45 (SD = 76) missed doses in the past week at 

base line and M = .71 (SD = 1.14) at post-inter ven tion. Par tic i pants 

who com pleted all assess ments (N = 38) were com pared to study 

drop outs (N = 29) on all base line char ac ter is tics. Study drop outs 

were sig nifi  cantly youn ger than study compl et ers, t(65) = 2.26, 

p = .03, but no other sig nifi  cant dif fer ences emerged. Drop out rates 

in the treat ment sam ple in the 8-week MBSR con di tion (N = 8) and 

the 1-day con trol con di tion (N = 1) were not sig nifi  cantly dif fer ent 

(v2(1) = 2.10, p = .15). Although not sig nifi  cant, a greater pro por tion 

of par tic i pants in the 8-week con di tion dropped out, and is likely 

due to the more demand ing and time inten sive nature of this pro-

gram.

To deter mine the effects of the MBSR and con trol pro grams, 

mixed effects lin ear mod els ana lyzed log-trans formed and raw 

CD4+ T lym pho cyte counts in both the treat ment (N = 48) and ran-

dom ized (N = 67) sam ples. A mixed effects lin ear model on the 

Table 1

Base line char ac ter is tics of the treat ment sam ple par tic i pants

Char ac ter is tic MBSR 8-week 

pro gram (N = 33)

MBSR 1-day 

sem i nar (N = 15)

Dif fer ence sta tis tic

Age [mean (SD)] 40(9) 42(11) t(46) = ¡.78, p = 0.44

Gen der v2(1) = .19, p = 0.66

Male 30 13

Female 3 2

Eth nic ity v2(4) = 5.20, p = 0.27

Afri can Amer i can 13 11

Latino/his panic 8 2

Cau ca sian 9 2

Native Amer i can 1 0

Other 2 0

Sex ual Ori en ta tion v2(2) = 4.42, p = 0.11

Homo sex ual 23 6

Het er o sex ual 9 7

Bisex ual 1 2

Employ ment Sta tus v2(2) = .37, p = 0.83

Unem ployed 19 10

Part-time 6 2

Full-time 8 3

Aver age fam ily 

 monthly income

v2(2) = 2.65, p = 0.27

0–800 dol lars 12 9

801–2500 dol lars 11 4

>2501 dol lars 10 2

Smok ing sta tus v2(1) = .22, p = 0.64

Smoker 13 7

Non-smoker 20 8

ARV use at base line 8 5 v2(1) = .43, p = 0.51

ARV use at  

 post-inter ven tion

11 9 v2(1) = 3.02, p = 0.08

Year of HIV diag no sis 

 [mean year (SD)]

1999(6.5) 1999(5.4) t(46) = ¡.28, p = 0.78

CD4+ T lym pho  

 cytes (cells/mm3) 

 [mean(SD)]

618(224) 757(327) t(46) = ¡1.72, 

p = 0.09

PHQ-9 dis tress at 

 base line [mean(SD)]

10.1(3.6) 9.1(4.0) t(46) = ¡.92, p = 0.36

Table 2

Base line and post-inter ven tion means and stan dard errors for CD4+ T lym pho cytes 

in the 8-week and 1-day MBSR treat ment par tic i pants (N = 48)

Lym pho cyte 

counts  

(cells/mm3)

8-Week MBSR 1-Day MBSR

Base line M (SE) Post-M (SE) Base line-M (SE) Post-M (SE)

CD4+ T  

 lym pho cytes

618(47) 628(52) 757(70) 572(71)
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treat ment sam ple revealed a sig nifi  cant time £ treat ment inter-

ac tion on log10CD4+ T lym pho cytes, F(1,45) = 5.70, p = .02 (Fig. 2) 

and raw (non log-trans formed) CD4+ T lym pho cytes (Table 2), 

F(1,44) = 5.03, p = .03. Spe cifi  cally, the 8-week MBSR par tic i pants 

had a raw mean increase of 20 CD4+ T lym pho cytes, whereas the 

1-day con trol par tic i pants had a raw mean decrease of 185 CD4+ T 

lym pho cytes from base line to post-inter ven tion (Table 2). Anal y ses 

of the entire ran dom ized (N = 67) sam ple, which included par tic i-

pants who never received any treat ment, showed the same pattern 

of results, F(1,57) = 3.15, p = .08. The potential clin i cal impact of this 

find ing was assessed by count ing par tic i pants with CD4-defined 

AIDS (<200 cells/mm3) at post-inter ven tion. No par tic i pants had 

CD4-defined AIDS at base line; 14% (N = 2) of par tic i pants in the 

con trol con di tion reached CD4-defined AIDS at post-inter ven tion 

com pared to 0% (N = 0) of par tic i pants in the 8-week MBSR con di-

tion.

Ancil lary anal y ses using mixed effects lin ear mod els explored 

the role of con found ing fac tors on the time £ treat ment CD4+ T 

lym pho cyte effect. The inclu sion of ARV med i ca tion sta tus at base-

line and post-inter ven tion (binary vari ables: on or off ARVs) as 

covar i ates did not affect the strength of the time £ treat ment inter-

ac tion on CD4+ T lym pho cytes (F(1,45) = 5.50, p = .02), indi cat ing 

that mind ful ness med i ta tion train ing buf fers CD4+ T lym pho cyte 

declines in par tic i pants both on and off ARV treat ment reg i mens. 

Addi tional anal y ses explored the potential con found ing effects 

of var i abil ity in the num ber of days between the base line CD4+ T 

lym pho cyte mea sure and the ini ti a tion of the 8-week MBSR class, 

sex ual ori en ta tion (0 = het er o sex ual, 1 = homo sex ual or bisex ual), 

and par tic i pant age in three sep a rate mixed effects lin ear mod els. 

Sim i lar to ARV med i ca tion sta tus, the time £ treat ment inter ac tion 

on log10CD4+ T lym pho cytes remained sta tis ti cally sig nifi  cant after 

con trol for var i abil ity in the num ber of days between the base line 

mea sure and the ini ti a tion of the 8-week MBSR class (F(1,45)=5.66, 

p = .02), sex ual ori en ta tion (F(1,45)=5.64, p = .02), or par tic i pant age 

(F(1,45) = 5.51, p = .02).

Medi a tion anal y ses were con sis tent with the hypoth e sis that 

mind ful ness med i ta tion treat ment adher ence explained the 

observed time £ treat ment inter ac tion on log10CD4+ T lym pho-

cytes. Treat ment par tic i pants attended 12.5 (SD = 7.6) class hours 

in the 8-week MBSR pro gram and 6 (SD = 0) class hours in the 1-

day edu ca tion con trol. As shown in Fig. 3, a series of mixed effects 

lin ear mod els assessed sta tis ti cal medi a tion (Baron and Kenny, 

1986). In a model with the treat ment sam ple (N = 48) where class 

atten dance and the time £ treat ment inter ac tion were entered 

simul ta neously, MBSR class atten dance pre dicted greater CD4+ 

T lym pho cytes at fol low-up (b = .014, t(74) = 2.09, p = .04), and the 

path between the time £ treat ment inter ac tion and log CD4+ T 

lym pho cytes was no longer sig nifi  cant (b = .06, t(56) = .56, p = .58). 

This find ing indi cates that the fre quency of class atten dance could 

poten tially account for as much as 2/3 of the total effect of the 

exper i men tal con di tions on CD4+ T lym pho cytes.

As pre vi ous find ings have found effects of behav ioral stress man-

age ment in reduc ing HIV RNA lev els in par tic i pants with detect able 

lev els of HIV RNA at base line (An ton i et al., 2006), explor atory anal-

y ses exam ined the effects of mind ful ness med i ta tion train ing on 

HIV RNA lev els in the sub-sam ple of par tic i pants with detect able 

base line lev els of HIV RNA (N = 30). No dif fer ences in base line HIV 

RNA lev els were observed between the 8-week MBSR (M = 46,880 

cop ies/mL, SD = 12,830) and 1-day con trol sub-sam ple (M = 12,700 

cop ies/mL, SD = 25,660) par tic i pants with detect able lev els of HIV 

RNA (t(28) = 1.19, p = .24). Con sis tent with the lim ited sta tis ti cal 

power avail able in this small sub-sam ple, no sig nifi  cant effects 

were observed on HIV RNA (time £ treat ment inter ac tion, p = .41).

4. Dis cus sion

CD4+ T lym pho cyte deple tion is a hall mark char ac ter is tic of 

HIV-1 path o gen e sis and pro gres sion to AIDS. The pres ent study 

pro vides ini tial evi dence that a behav ior ally tar geted mind ful ness 

med i ta tion stress-reduc tion pro gram can buffer CD4+ T lym pho cyte 

declines in an eth ni cally diverse sam ple of HIV-1 infected adults. 

Addi tional anal y ses sug gested that the mind ful ness med i ta tion 

treat ment effects on CD4+ T lym pho cytes are inde pen dent of ARV 

treat ment sta tus. These data are con sis tent with the pos si bil ity that 

mind ful ness med i ta tion train ing may have direct effects on CD4+ T 

lym pho cyte dis tri bu tions (e.g., via effects on ha e mat o poi e sis, T-cell 

redis tri bu tion dynam ics, or T-cell turn over in lym phoid tis sues) 

(McCu ne, 2001). A sec ond pos si bil ity is that mind ful ness med i ta-

tion train ing effects on CD4+ T lym pho cytes may be explained in 

part through reduc tions in HIV RNA lev els. A num ber of stud ies pro-

vide strong links between stress and HIV viral rep li ca tion (e.g., Cole 

et al., 1998; Sloan et al., 2007), and stress man age ment pro grams 

have been shown to reduce HIV RNA lev els in some stud ies (e.g., 
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An ton i et al., 2006; Pet rie et al., 2004). The pres ent study was not 

appro pri ately pow ered to exam ine the effects of mind ful ness med-

i ta tion train ing on HIV RNA lev els, which is an impor tant path way 

that should be exam ined in future stud ies with larger sam ples.

The major lim i ta tions of the study include a small sam ple size 

and high attri tion rates, no long-term fol low-up assess ments, and 

an insuffi  cient sam ple size to deter mine if mind ful ness med i ta-

tion train ing impacts HIV-1 RNA lev els. Addi tion ally, although not 

sig nifi  cantly dif fer ent at tra di tional sta tis ti cal thresh olds, 1-day 

con trol par tic i pants had higher num bers of CD4+ T lym pho cytes 

at base line com pared to 8-week MBSR par tic i pants. It is pos si ble 

that this base line dif fer ence could be driv ing the over all effects 

described in this report, so an addi tional ANCOVA anal y sis com-

pared the 8-week and 1-day groups on post-test log10CD4+ T lym-

pho cytes, while con trol ling for base line lev els of log10CD4+ T lym-

pho cytes (in par tic i pants with com plete pre- and post-test data, 

N = 39). Although under pow ered, this anal y sis was con sis tent with 

the mixed model find ings indi cat ing that 1-day con trol par tic i pants 

had lower CD4+ T lym pho cytes than 8-week MBSR par tic i pants at 

post-test (p = .06). Despite these lim i ta tions, the pres ent find ings 

pro vide a first indi ca tion that a low-cost group-based mind ful-

ness med i ta tion train ing pro gram can buffer CD4+ T lym pho cyte 

declines, and that this occurs in direct pro por tion to the amount of 

mind ful ness med i ta tion train ing received. Although more stud ies 

are needed to deter mine the clin i cal impact of this pro gram, these 

find ings sug gest that mind ful ness med i ta tion train ing may be a 

ben e fi cial adjunct for stressed HIV-1 infected adults.

In sum mary, an 8-week mind ful ness med i ta tion and stress 

reduc tion pro gram can buffer CD4+ T lym pho cyte declines in a 

diverse com mu nity sam ple of HIV-1 infected adults. Well-con-

trolled stud ies with larger sam ples are needed to deter mine if 

mind ful ness med i ta tion train ing inter ven tions can pos i tively 

impact bio log i cal indi ca tors of im mu no patho gen e sis in HIV-1 

infec tion, but the pres ent find ings pro vide a prom is ing first indi-

ca tion that mind ful ness med i ta tion may have ben e fit as a com ple-

men tary adjunct treat ment for HIV-1.
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