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tobacco use and medical condition (e.g. uncontrolled hyperten-
sion, pacemaker, cancer, autoimmune disease, steroid use).

  Participants were computer randomized 1:   1 to a 12-week 
group-based program delivered weekly in 2-hour sessions. At both 
pre- and postintervention visits, psychological stress (14-item Per-
ceived Stress Scale, PSS) and NF-κB were assessed. Blood was col-
lected between 8 and 11 a.m. by an indwelling venous catheter, 
placed in heparinized vacutainer tubes and processed for periph-
eral blood mononuclear cells using Ficoll density gradient cen-
trifugation. Nuclear extracts were prepared to quantify the amount 
of activated NF-κB p65 present in the nucleus using the TransAM 
NF-κB p65 ELISA kit (Active Motif, Carlsbad, Calif., USA) and as-
sayed in duplicate as previously described  [10] . Two assay data 
points (one from each condition) >3 standard deviations from the 
mean were dropped from analysis. One subject refused blood sam-
pling and all NF-κB values were missing for this single case.

  The TCC intervention consisted of 20 guided meditative move-
ments under the instruction of a certified teacher as previously de-
tailed  [11] . SHE controlled for nonspecific treatment effects of 
time, attention, expectancy and group support, similar to prior pro-
tocols  [11] . The session format was didactic, with guest presenters 
lecturing on health (e.g. stress, aging, exercise and nutrition).

  Intention-to-treat analyses were performed in SPSS version 20 
(IBM Corp., Armonk, N.Y., USA). Changes in PSS and levels of 
NF-κB from pre- to postintervention time points were tested using 
linear mixed modeling, adjusted for pre-intervention levels. Twen-
ty-six enrollees were evenly randomized to treatment and provid-
ed pre-intervention data, 22 (85%) completed the postintervention 
visit (10 in TCC and 12 in SHE).

  The two treatment groups showed similar demographic and 
clinical characteristics ( table 1 ). Psychological stress as indexed by 
the PSS significantly differed between the two groups after inter-
vention [F(1, 23.92) = 4.49, p = 0.04] covarying for pre-interven-
tion levels. From pre- to postintervention visits, decreases in PSS 
were observed in the TCC group (p < 0.01) but not in the SHE 
control (p = 0.75;  fig. 1 a). NF-κB significantly differed between the 
two groups after intervention [F(1, 106.79) = 5.24, p =   0.02] cova-
rying for pre-intervention levels. From pre- to postintervention 
visits, increases in NF-κB levels were observed in the SHE group 
(p < 0.05), but not in the TCC group (p = 0.34;  fig. 1 b). The pre- to 
postintervention changes in PSS levels were correlated with chang-
es in NF-κB levels (Spearman’s r = 0.46, p = 0.05, n = 19,  fig. 2 ).

  Our findings show that among lonely older adults who received 
a health education control, levels of psychological stress persisted, 
and these elderly showed significant increases in nuclear levels of 
activated NF-κB from pre- to postintervention time points. Con-
versely, among lonely older adults who received TCC, psychologi-
cal stress decreased, while NF-κB levels remained constant. Fur-
ther, change in psychological stress was correlated with change in 
NF-κB activation from pre- to postintervention examinations, 

 Older adults who experience loneliness have an increased risk 
of all-cause mortality and morbidity  [1] , and among the biological 
mechanisms implicated, increases in inflammation might contrib-
ute. In older adults reporting high levels of loneliness and/or psy-
chological stress, nuclear factor (NF)-κB shows increased activity 
 [2] . NF-κB is a transcription factor that may be an important me-
diator for the translation of social stress into inflammation  [3]  as 
NF-κB controls the expression of genes that code for multiple in-
flammatory cytokines  [4] , and stress activation of the sympathetic 
nervous system stimulates NF-κB  [3] . A meditation technique, Tai 
Chi Chih (TCC), is thought to act on stress response pathways  [5]  
that may be sensitized in lonely individuals due to hypervigilance 
for social threat and feelings of vulnerability. TCC is a multidimen-
sional behavioral therapy that integrates moderate physical activ-
ity, deep breathing and meditation to promote regulation of emo-
tional and affective responses to stress, with downregulation of 
sympathetic nervous system outflow  [6] . Findings show that TCC 
and other meditation forms also reduce markers of inflammation 
 [6, 7]  and the expression of genes bearing NF-κB response ele-
ments  [8] . However, the effect of TCC on levels of the NF-κB tran-
scription factor has not been examined.

  Given evidence that chronic stress leads to a progressive rise in 
inflammation in older adults  [9] , and that both stress and increased 
expression of genes bearing NF-κB response elements are associ-
ated with loneliness, we hypothesized that TCC would reduce 
stress and slow the rate of increase in NF-κB levels in lonely older 
adults, as compared to those who receive a stress and health educa-
tion (SHE) intervention. Twenty-six older adults ( ≥ 60 years), na-
ïve to Tai Chi, who scored  ≥ 40 on the UCLA Loneliness Scale, 
participated in this study approved by the UCLA Institutional Re-
view Board (NCT01204021). Excluded were those with current 
psychotherapy, behavioral therapy and/or use of antidepressants, 
current DSM-IV (SCID-IV) psychiatric disorder, body mass index 
>33, cognitive impairment (Mini-Mental State Examination <27), 
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which together suggests that treatment-induced reduction in stress 
may attenuate increases in NF-κB activation.

  Previous work indicates that chronic stress in older adults is 
associated with an accelerated rate of increase in inflammatory 
markers such as interleukin-6  [9] . Lonely adults show elevated psy-
chological stress scores as well as physiological indicators of stress, 
and they have been conceptualized as a chronically stressed popu-
lation  [12] . Ours is the first study to show that TCC has the capac-
ity to alter stress levels in lonely older adults and to attenuate the 
rate of increase in a key transcription factor, NF-κB, involved in 
the upstream inflammatory cascade. Limitations of this study in-
clude its small sample size and the predominance of women, which 

limit the generalizability of our results; hence, these findings re-
quire future replication. A larger sample would enable more ap-
propriate tests of whether changes in stress mediate the changes in 
NF-κB . History of loneliness was not assessed, so the chronic na-
ture of stress in the sample was unknown. Future studies should 
account for a previous history of loneliness. Levels of NF-κB were 
only measured in peripheral blood mononuclear cells, and it is 
possible that the changes in NF-κB reported here are due to chang-
es in lymphocyte subset distribution. However, such changes in 
immune cell trafficking occur primarily in the context of acute 
stress manipulation, and chronic stress has not been associated 
with changes in immune cell numbers. The meditation interven-
tion TCC significantly reduced psychological stress and attenuated 
the rise of NF-κB activation that is otherwise found in lonely older 
adults.

 Table 1.  Pre-intervention characteristics of the lonely older adult 
sample

Variable Total
sample
(n = 26)

TCC 
(n = 13)

SHE 
(n = 13)

p

Age, years 67.1 ± 7.2 67.7 ± 7.1 66.5 ± 7.5 0.67
Education, years 16.9 ± 2.9 17.5 ± 3.2 16.3 ± 2.5 0.34
Body mass index 24.4 ± 4.4 24.0 ± 3.3 24.8 ± 5.5 0.67
Annual household income 13.8 ± 4.0 14.5 ± 3.5 13.1 ± 4.5 0.41
Females, % 80.8 69.2 92.3 0.32
Caucasian, % 65.0 61.5 69.2 0.36
Employed, % 45.8 58.3 33.3 0.41

 Values are given as means ± SD unless indicated otherwise. p values 
were assessed by between-group comparisons from χ2 or t test. 
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  Fig. 1.   a  Estimated PSS levels (±SE), covarying for pre-intervention PSS score.  b  Estimated NF-κB activation 
(±SE), covarying for pre-intervention NF-κB;  *  p < 0.05 for difference between groups. 
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  Fig. 2.  Correlation between changes from pre- to postintervention 
visits in PSS and NF-κB activation for the participants in the TCC 
and SHE control groups, Spearman’s r = 0.46, p = 0.05, n = 19. 
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