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Abstract

Caregiving stress is a risk factor for cardiometabolic disease. Therefore, integrating cardio-
metabolic biomarkers into caregiving research provides a more comprehensive assessment
of an individual’s health and response to an intervention. The objective of this study was to
examine the effects of a yoga-based stress reduction intervention on stress, psychological
outcomes, and cardiometabolic biomarkers in cancer caregivers. This prospective random-
ized controlled trial enrolled family caregivers of adult patients who underwent an allogeneic
HSCT at the National Institutes of Health (NIH) Clinical Center. All subjects received usual
care education. Participants in the intervention group received an lyengar yoga intervention
self-administered over six weeks using an audio recording file. The primary outcome was
perceived stress (measured using the NIH toolbox Perceived Stress). The secondary out-
comes were psychological factors (depression and anxiety measured using PROMIS®
Depression and Anxiety), and cardiometabolic biomarkers measured by nuclear magnetic
resonance spectroscopy. A total of 50 family caregivers (mean [SD] age, 44.9 [15.2] years;
42 [84.0%] women) were randomized, 25 to the intervention group and 25 to the control
group. No group differences were noted in stress, depression, and anxiety. Significant inter-
action effects between group and time were found in large TRL-P (F(1,43) =10.16, p=
0.003) and LP-IR (F(1,42) = 4.28, p = 0.045). Post-hoc analyses revealed that the levels of
large TRL-P (mean difference = 1.68, Cl =[0.86, 2.51], p<.001) and LP-IR (mean difference
=5.67, Cl=[1.15,10.18], p =0.015) significantly increased over time in the control group
but while remained stable in the intervention group (mean difference =-0.15, Cl = [-0.96,
0.66], p=0.718; mean difference =-0.81, Cl = [-5.22, 3.61], p= 0.714, respectively). Even
when perceptions of psychological distress remain unchanged, incorporating gentle yoga
poses and breathing exercises may reduce the risk of cardiometabolic disease in caregivers
by inhibiting the development of insulin resistance. Standard lipids of cardiometabolic risk
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do not appear to be robust enough to detect short-term early changes of cardiometabolic
risk in caregivers.
Trial registration: ClinicalTrials.gov Identifier: NCT02257853.

Introduction

Caring for a family member with cancer, the fourth main reason for caregiving in the U.S., is
intense and challenging [1, 2]. Among different types of cancer treatment, hematopoietic stem
cell transplantation (HSCT), especially allogeneic, is a risky procedure that may cause serious
early and late effects including graft versus host disease and cytopenia [3]. Caring for a HSCT
recipient is accepted as burdensome, considering that the recipient needs extensive support [4,
5]. HSCT caregivers often experience high levels of stress and symptoms such as depression
and anxiety due to their caregiving burden [6, 7]. Unmanaged stress and symptoms may
increase the risk of developing cardiometabolic disease such as type 2 diabetes (T2D) and coro-
nary artery disease in these caregivers [8-11].

Many of the intervention studies to relieve stress and symptoms in family caregivers of peo-
ple with cancer took mindfulness approaches, often including yoga, breathing exercise, and
meditation as components of the intervention programs [12-15]. These studies have shown
that mindfulness-based interventions are effective in improving multiple symptoms (e.g., anxi-
ety, depression, fatigue, sleep disturbance) and mental health in cancer caregivers [12-15].
However, such intervention studies in HSCT caregivers have been lacking. Furthermore, those
studies have relied heavily on self-reported outcomes to evaluate the effects of the interven-
tions, while physiological responses have been rarely included as outcomes. Specifically, there
is a growing body of evidence that caregiving stress is a risk factor for the development of car-
diometabolic disease [8, 16]; however, intervention studies focusing on assessing biomarkers
of cardiometabolic function in the caregiver population are lacking.

Recent evidence has suggested incorporating a serum lipoprotein particle profile assessed
via nuclear magnetic resonance (NMR) spectroscopy in order to precisely identify lipid-associ-
ated cardiometabolic risk because standard lipids can vary greatly in cholesterol content (i.e.,
particle concentration and size) among individuals [17, 18]. This approach measures particle
concentrations and sizes of all lipoprotein classes (triglyceride-rich lipoprotein particle
[TRL-P], low-density lipoprotein particle [LDL-P], and high-density lipoprotein particle
[HDL-P]) and particle concentrations of lipoprotein subclasses (e.g., large, medium, small)
[17]. Evidence has been accumulating, suggesting that NMR lipoprotein particle concentration
and size may be sensitive enough to detect early signs of cardiometabolic risk [17-20]. How-
ever, to date, only two studies have demonstrated the superiority of NMR lipoprotein particle
profile analysis in detecting early changes in cardiometabolic health in cancer caregivers [10,
21]. Furthermore, no published studies have examined whether yoga designed to decrease
caregivers’ stress results in changes in cardiometabolic health measured by NMR lipoprotein
particle profiles. Expanding the scientific research of lipoprotein particle profiles in caregivers
will contribute to understanding the impact of caregiving stress on the caregivers’ cardiometa-
bolic health and enhance our ability to evaluate interventions.

To reduce perceived stress, stress-related symptoms, and cardiometabolic risk in HSCT
caregivers, we developed a six-week yoga-based stress reduction intervention. We assessed the
effects of the intervention on the following outcomes: perceived stress and psychological out-
comes (depression, anxiety) using self-reported measures; and cardiometabolic risk using
NMR lipoprotein particle profile analysis.
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Methods
Study design and participants

A prospective randomized controlled trial (RCT) design was used to examine the effectiveness
of a six-week yoga-based stress reduction intervention in family caregivers of adult patients
who underwent an allogeneic HSCT at the National Institutes of Health (NIH) Clinical Center
(NCT#02257853). This study followed the Consolidated Standards of Reporting Trials (CON-
SORT) reporting guideline for RCTs. Participants were recruited between January 2015 and
February 2019. Caregivers were eligible to participate in the study if they (1) were at least 18
years old; (2) were an active caregiver for a patient undergoing the 1** allogeneic HSCT; (3)
were able to read and speak English; (4) were able to lift arms over head without pain; and (5)
were able to sit and stand from a seated position unassisted. This study was approved by the
National Heart, Lung, and Blood Institute intramural Institutional Review Board. Written
informed consent was obtained from all participants prior to initiating any study procedures.

Intervention details

Based on prior research suggesting that cancer caregivers are less likely to participate in
health-promoting behaviors that require them to leave the presence of the care recipient [22-
24], we sought to develop a brief yoga intervention that could be performed anywhere without
yoga props or special equipment. The six-week length of the intervention, as well as the
20-minute time of the audio file, was selected based upon the length of similar interventions in
cancer caregiver populations, with interventions ranging between six to eight weeks [12-15].
We worked with a certified Advanced Iyengar yoga instructor with experience in the therapeu-
tic use of yoga as well as extensive experience in developing audio yoga classes to develop the
intervention. Iyengar yoga utilizes highly standardized teaching methods, and is the yoga style
most often used in RCT's [25]. The intervention consisted of approximately ten minutes of
standing poses at the wall (urdhva hastasana, adho mukha svanasana) and very gentle seated
backbends and twists, followed by ten minutes of seated ujjayi pranayama (breath awareness)
and seated savasana (relaxation pose). To ensure that participants could safely complete the
intervention, the intervention participants were instructed individually on performance of
every pose, and they were required to return demonstrate proper and safe performance of the
poses. Intervention participants were asked to contact study staff immediately should they
experience any discomfort or injury.

Allocation, randomization, and details of group assignment

After study enrollment, the study statistician randomized participants to either the control or
the intervention group using a permuted block randomization with allocation ratio of 1:1. All
participants received usual care education, which includes transplant specific information for
the recipient and the caregiver, as well as written and online caregiver resources. All partici-
pants met 1:1 at the baseline clinic visit with a study investigator to review the usual care edu-
cation materials. In addition, participants in the intervention group received the audio file
intervention, a pamphlet containing pictures of the proper performance of the poses, and a
practice diary to record daily practice. The intervention participants were asked to practice
daily and to record their practice in the practice diary.

Outcome measures

Primary outcome. Perceived stress. The NIH toolbox was used to collect measures of per-
ceived stress (10-item fixed form), using a 5-point Likert scale ranging from 1 to 5, with higher
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scores indicative of higher levels of perceived stress. Scores 1 standard deviation (SD) or more
below the mean (T-score < 40) indicate low levels of perceived stress and scores 1 SD or more
above the mean (T-score > 60) indicate high levels of perceived stress [26, 27].

Secondary outcomes. Depression and anxiety. The Patient-Reported Outcomes Measure-
ment Information System (PROMIS™) is a reliable and highly validated system of self-
reported health outcome measures [28]. In this analysis, PROMIS™ measures of depression
and anxiety were administered using Computer Adaptive Testing (CAT) format. CAT uses
validated algorithms to adapt a test based on the participant’s preceding responses. PROMIS®
measures generate a raw score from which T-scores are calculated, which are standardized
scores that are normed to the general population with a mean of 50 and a SD of 10.

Cardiometabolic biomarkers. A lipoprotein particle profile was quantified from blood
serum samples using a further-optimized deconvolution algorithm, called the fourth-genera-
tion lipoprotein profile algorithm, NMR spectroscopy [17]. The lipid biomarkers were calcu-
lated from the amplitudes of their spectroscopically unique lipid methyl group NMR signals.
Particle concentration, concentration of subclasses by size (e.g., large, medium, small), and
particle size were measured for all lipoprotein classes (TRL-Ps, LDL-Ps, HDL-Ps). Glycosy-
lated acute phase proteins (GlycA), a novel inflammatory biomarker, reflects both increased
glycan complexity and circulating acute-phase protein levels during local and systematic
inflammation [17]. Lipoprotein insulin resistance (LP-IR), a novel composite metabolomic
biomarker, captures the multidimensional effects of insulin resistance (IR) on the lipoprotein
metabolic chain. Six lipoprotein parameters showing the strongest association with IR and pre-
diabetes, including large TRL-P, TRL particle size (TRL-Z), small LDL-P, large HDL-P, LDL
particle size (LDL-Z), and HDL particle size (HDL-Z), were used to derive LP-IR scores.
LP-IR scores range from 0 (Most insulin sensitive) to 100 (Most insulin resistant) [17].

Statistical analysis

Power analysis was conducted based on the primary end point of perceived stress. We used a
two-side hypothesis that the perceived stress level would differ between the intervention group
and the control group. Based on a Cohen’s d effect size of 0.6 and correlation of 0.8 between
two time points from our previous study [29], with 80% power and type I error of 0.05, to
detect a time-averaged difference between the intervention group and the control group, we
estimated that we need 39 participants in each group [30]. However, after four years of recruit-
ing and changes to the HSCT transplant program, we experienced challenges of recruitment
and closed the study to further recruitment. Descriptive statistics (mean and SD for normally
distributed continuous data, median and interquartile range for ordinal and non-normal data,
frequencies and percentages for categorical data) were used to describe the demographic char-
acteristics, perceived stress, psychological outcomes, and NMR-measured cardiometabolic
biomarkers at the baseline and after six weeks of the intervention. Linear mixed models with
time, group, and time by group interaction were used to analyze the effects of the intervention
on the outcome measures over time. All variables at the baseline were tested if they were signif-
icantly different between the intervention and control groups. All data analyses were con-
ducted using IBM SPSS statistics software, version 26.

Results

Of the 226 caregivers screened for the study, 108 were eligible and 50 agreed to participate,
were enrolled, and then were randomly assigned to either the intervention group (n = 25) or
the control group (n = 25) (Fig 1). Six of the 50 participants dropped out before completing
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Enrollment

Assessed for eligibility (n=226)

Did not meet eligibility criteria
(n=118)

| Eligible (n=108)
4' Declined to participate (n=58)

Randomized (n=50)

l— Allocation -—l

Randomized to Intervention (n=25) | | Randomized to Control (n=25)

Postintervention

Lost to 6-week postintervention (n=3) Lost to 6-week postintervention (n=3)

*Lack of interest (n=1) *Death of the patient (n=2)
*Feelings of being overwhelmed *Feelings of being overwhelmed (n=1)
(@©=2)

Analyses

Analyzed (n=25) | | Analyzed (n=25)

Fig 1. Consolidate Standards of Reporting Trials (CONSORT) flow diagram.
https://doi.org/10.1371/journal.pone.0277009.9001

the study because of lack of interest (n = 1), feelings of being overwhelmed (n = 3), and death
of the patient (n = 2).

The baseline caregiver and patient characteristics of the two groups are detailed in Table 1.
The groups did not differ on any of the baseline characteristics. The intervention group
reported practicing the yoga intervention for 34.71 days (SD = 8.12), with a range of 16 to 42
days, and 652.95 minutes (SD = 159.08), with a range of 320 to 840 minutes. Throughout the
six weeks of the intervention, the average weekly completion rates of those who completed the
20-minute intervention in its entirety ranged between 63% and 75%. No adverse effects were
reported by the participants during the duration of the study. Cardiometabolic biomarkers are
displayed in Table 2. The intervention group reported higher levels of large HDL-P than the
control group at the baseline (p = 0.034). Otherwise, there were no significant differences
between the two groups in cardiometabolic biomarkers.

Perceived stress

Six percent of our sample reported low levels of perceived stress and 32% reported high levels of
perceived stress. There were no significant differences found for group or time, or the interaction
between group and time for perceived stress. A post-hoc power analysis for the primary outcome
was performed. The actual effect size for time averaged perceived stress between groups was
approximately 0.4; the correlation between time points was approximately 0.8. Thus, with the
sample size of 50, the actual power for the primary outcome was 32%, not the desired 80%.

Depression and anxiety

There were no significant differences found for group or time, or the interaction between
group and time for depression and anxiety.
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Table 1. General characteristics at baseline (N = 50).

Variables

N (%) Mean (SD), range

Total (n = 50) |

Intervention group (n = 25) |

Control group (n = 25)

Caregiver characteristics

Age (years) 44.94 (15.21), 18-74 | 47.32 (15.31), 18-74 | 42.56 (15.04), 18-66
Sex
Female 42 (84.0) | 22 (88.0) | 20 (80.0)
Race/ethnicity
White/Non-Hispanic 25 (50.0) 13 (52.0) 12 (48.0)
Non-White/Non-Hispanic 15 (30.0) 9 (36.0) 6 (24.0)
Hispanic 10 (20.0) 3(12.0) 7 (28.0)
Marital status
Married/cohabiting 39 (78.0) 21 (84.0) 18 (72.0)
Not married® 11 (22.0) 4(16.0) 7 (28.0)
Annual household income
< $50,000 20 (47.0) 10 (47.6) 10 (45.5)
$50,000-$89,000 7 (16.0) 4(19.0) 3(13.6)
> $89,000 16 (37.0) 7 (33.4) 9 (40.9)
Employment status
Full-time 18 (36.0) 8(32.0) 10 (40.0)
Part-time 12 (24.0) 6(24.0) 6 (24.0)
Not Workingb 20 (40.0) 11 (44.0) 9 (36.0)
Changes in caregiver employment
Yes 40 (80.0) 20 (80.0) 20 (80.0)
No 10 (20.0) 5(20.0) 5(20.0)
BMI (kg/mz) 28.13 (6.15), 18.5-46.5 27.26 (5.81), 18.50-44.4 29.01 (6.46), 19.7-46.5
Waist circumference
Male 100.38 (8.75), 88-111 100.67 (7.29), 92.5-106.5 100.20 (10.35), 88-111
Female 90.58 (14.30), 65-136 90.92 (15.84), 65-136 90.21 (12.79), 70-124
SBP (mg/dL) 113.97 (13.31), 88-144 113.53 (12.24), 94-144 114.41 (14.53), 88-143
DBP (mg/dL) 67.37 (9.50), 49-91 66.84 (8.88), 49-84 67.90 (10.25), 51-91
Chronic health problems
Yes 36 (72.0) 17 (68.0) 19 (76.0)
No 14 (28.0) 8(32.0) 6 (24.0)
Relationships with patient
Spouse 25 (50.0) 12 (48.0) 13 (52.0)
Non-spouse 25 (50.0) 13 (52.0) 12 (48.0)
Caregiving days/week 6.76 (1.03), 2-7 7.00 (0.00), 0-7 6.52 (1.42),2-7
Caregiving hours/day 14.30 (7.89), 1.50-24.0 14.44 (8.13),1.5-24 14.16 (7.82), 2-24

Perceived stress®

54.83 (10.62), 30.77-76.13

53.49 (11.44), 34.78-76.13

56.17 (9.78), 30.78-74.78

Depressiond

51.04 (7.78), 34.17-71.37

49.23 (7.76), 34.17-71.37

52.85 (7.51), 41.73-69.10

Anxietyd

60.46 (7.01), 44.55-75.54

60.70 (6.94), 44.55-73.44

60.22 (7.21), 46.69-75.54

Patient characteristics

Age (years) 36.68 (14.03), 18-66 | 36.20 (13.48), 18-66 | 37.16 (14.83), 20-65
Patient sex

Male 33 (66.0) | 16 (64.0) | 17 (68.0)
Primary disease®

Hematological malignancy 26 (52.0) 10 (40.0) 16 (64.0)

Non-hematological malignancy 24 (48.0) 15 (60.0) 9 (36.0)

(Continued)
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Table 1. (Continued)

Variables N (%) Mean (SD), range
Total (n = 50) Intervention group (n = 25) Control group (n = 25)
Type of transplant
RIC 32 (64.0) 18 (72.0) 14 (56.0)
Myeloablative 18 (36.0) 7 (28.0) 11 (44.0)
Stem cell source
Peripheral blood 39 (78.0) 19 (76.0) 20 (80.0)
Bone marrow 10 (20.0) 5(20.0) 5(20.0)
Cord 1(2.0) 1(4.0) 0(0.0)
Disease risk category
Low 39 (78.0) 22 (88.0) 17 (68.0)
Intermediate 5(10.0) 1 (4.0) 4(16.0)
High 6 (12.0) 2(8.0) 4(16.0)

Note. Numbers may not sum to total due to missing data.

BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; RIC, reduced intensity conditioning.

*Not married = never married, divorced, separated, widowed,

Not working = student, retired, disability, unemployed,

“Assessed using NIH toolbox,

dAssessed using Patient-Reported Outcome Measurement Information System™ (PROMIS™),

“Primary disease, hematological malignancy = chronic myelogenous leukemia, acute lymphocytic leukemia, acute myelogenous leukemia, and chronic lymphocytic
leukemia, Hodgkin’s and non-Hodgkin’s lymphoma; non-hematological malignancy = aplastic anemia, sickle cell disease, inherited bone marrow failure disorders,

primary immunodeficiency disease.

https://doi.org/10.1371/journal.pone.0277009.t001

Cardiometabolic biomarkers

There were significant effects in two of cardiometabolic biomarkers, large TRL-P and LP-IR
(Table 3). There was a significant interaction effect between group and time in large TRL-P (F
(1,43) = 10.16, p = 0.003). The levels of large TRL-P significantly increased over time in the
control group (mean difference [MD] = 1.68; confidence interval [CI] = [0.86, 2.51], p < .001)
but did not significantly change in the intervention group (MD = -0.15; CI = [-0.96, 0.66],

p =0.718) (Fig 2a). A significant interaction effect between group and time was found in
LP-IR (F (1,42) = 4.28, p = 0.045), with the trajectory of LP-IR increasing overtime in the con-
trol group (MD = 5.67; CI = [1.15, 10.18], p = 0.015) while a nonsignificant change in LP-IR
for the intervention group (MD = -0.81; CI = [-5.22, 3.61], p = 0.714) (Fig 2b).

Discussion

Our study is the first to examine the efficacy of a six-week yoga-based stress reduction inter-
vention to improve perceived stress, psychological outcomes, and cardiometabolic health, as
measured by novel NMR lipoprotein particle concentration and size, in HSCT caregivers.
Multiple studies using yoga-based meditation and mindfulness interventions have shown ben-
eficial effects on stress and psychological symptoms [12-14, 31-33]. However, no other study
reported cardiometabolic outcomes in caregivers. In this study, there were no significant dif-
ferences between the two groups in perceived stress, depression, and anxiety, nor were there
within group changes in either of the two groups in these outcomes from the baseline to the
trial’s end. Nevertheless, we found that the six-week yoga-based stress reduction intervention
led to beneficial changes in the lipoprotein subclass profile, large TRL-P and LP-IR.
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Table 2. Levels of cardiometabolic biomarkers in intervention and control groups at baseline.

Variables Intervention group (n = 25) Control group (n = 25) Refence range value®
Mean (SD) Range Mean (SD) Range Mean (SD) | Range
Triglyceride-rich Particles (nmol/L)
Total TRL-P 115.61 (96.99) 15.7-484.5 112.85 (70.91) 27.4-273.5 125.2 (61.6) 42-239
Very Large TRL-P 0.14 (.09) 0-0.3 0.27 (0.49) 0-2.5 0.4 (1.0) 0-1.6
Large TRL-P 1.20 (2.35) 0-11.4 1.6 (2.79) 0-13.9 2.9 (6.5) 0-12.8
Medium TRL-P 17.96 (16.41) 0-57.6 18.28 (12.67) 0-40.6 17.9 (16.2) 0.3-48.4
Small TRL-P 45.68 (36.79) 0-147 29.62 (23.02) 4.6-99.7 56.6 (37.5) 7.3-124.4
Very Small TRL-P 50.63 (67.34) 0-281.20 63.08 (69.58) 0-230.8 47.5 (46.9) 0-142.3
LDL Particles (nmol/L)
Total LDL-P 1557.6 (447.81) 1001-2626 14300 (369.39) 831-2398 1454.0 (393.0) 891-2150
Large LDL-P 239.72 (180.44) 0-631 158.12 (180.80) 0-727 309.0 (223.0) 17-748
Medium LDL-P 702.88 (381.85) 0-1528 597.96 (386.38) 0-1182 676.0 (405.0) 0-1377
Small LDL-P 615.12 (493.96) 71-2017 674 (594.13) 0-2134 469.0 (431.0) 13-1318
HDL Particles (umol/L)
Total HDL-P 19.7 (3.14) 14.1-24.7 19.39 (2.97) 14.6-24.8 24.0 (3.0) 19.2-29.3
Large HDL-P* 3.08 (1.99) 0.5-7.3 2.04 (1.44) 2.0-4.7 2.5(1.9) 0.2-6.3
Medium HDL-P 3.97 (2.13) 1.2-9.2 3.54 (1.54) 1.0-6.6 7.7 (2.7) 3.7-12.6
Small HDL-P 12.65 (4.47) 2.4-19.8 13.80 (2.83) 7.7-19.8 13.8 (3.4) 8.1-19.6
Mean Particles Sizes (nm)
TRL-Z 41.22 (6.19) 33.3-63.7 43.84 (7.00) 30.8-67.4 44.0 (8.4) 33.8-60.9
LDL-Z 20.91 (0.49) 19.8-21.6 20.76 (0.56) 19.7-21.7 21.0 (0.5) 20.1-21.7
HDL-Z 9.15 (0.44) 8.4-10 8.95 (0.36) 8.3-9.6 9.0 (0.4) 8.3-9.8
Lipids and Apolipoproteins (mg/dL)
Total cholesterol 183.36 (37.04) 129-272 165.32 (29.80) 114-223 193.8 (36.5) 140-256
LDL-C 104.52 (29.28) 67-182 93.40 (23.18) 57-135 110.5 (30.7) 63-163
HDL-C 56.08 (13.69) 31-85 49.92 (12.35) 34-72 61.1 (14.4) 41-88
Triglycerides 109.00 (50.97) 51-244 107.88 (43.52) 51-237 119.3 (89.8) 43-276
Apolipoprotein Al 133.32 (21.71) 90-169 123.92 (21.91) 85-166 156.8 (27.8) 116-209
Apolipoprotein B 90.04 (27.18) 56-167 81.68 (20.93) 47-130 87.1(23.6) 53-127
Inflammatory Biomarker (umol/L)
GlycA | 37492(5114) | 283510 | 367.16(59.14) | 258-478 | 4024(658) |  307-524
Composite Metabolomic Marker
LP-IR  2776(2335) | 1-94 | 3828(2227) | 3-92 \ 36.0 (24.5) | 3-83

Note. GlycA, glycoprotein acetylation; HDL-C, high-density lipoprotein cholesterol; HDL-P, high-density lipoprotein particles; HDL-Z, high-density lipoprotein size;

LDL-C, low-density lipoprotein cholesterol, LDL-P, low-density lipoprotein particles; LDL-Z, low-density lipoprotein size; LP-IR, lipoprotein insulin resistance index;

TRL-P, triglyceride rich lipoprotein particles; TRL-Z, triglyceride rich lipoprotein size.

"Reference range values are from a representative sampling (n = 698) of the general population, comprised of apparently healthy men (n = 284) and women (n = 414)

aged 18 to 84 years (mean 39 years).

*p<.05

https://doi.org/10.1371/journal.pone.0277009.t002

In our study, it is somewhat surprising that perceived stress and symptoms of depression and
anxiety did not improve in the intervention group. Perceived stress is commonly examined in
yoga intervention research and is believed to be positively influenced by engagement in yoga-
based stress reduction [32, 33]. However, there are some conflicting reports regarding yoga-
based intervention’s impact on psychological outcomes. Some studies showed beneficial results
in psychological outcomes, such as depression and anxiety [12-14, 31-33], while other studies
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Table 3. Cardiometabolic biomarker outcomes that differed by group over time.

Outcome Measurement Intervention group Control group Mixed model analysis
Mean (SE) Mean (SE) Effect p value

Large TRL-P Baseline 1.20 (0.63) 1.60 (0.63) Time 0.010
6 weeks 1.05 (0.64) 3.29 (0.65) Group 0.129

Group x time 0.003

LP-IR Baseline 27.76 (4.46) 38.28 (4.46) Time 0.128
6 weeks 26.95 (4.52) 43.95 (4.55) Group 0.030

Group x time 0.045

Note. Boldface indicates statistical significance (p < 0.05). HDL-P, high-density lipoprotein particles; TRL-P, triglyceride rich lipoprotein particles; LP-IR, lipoprotein

insulin resistance index.

https://doi.org/10.1371/journal.pone.0277009.t003
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Fig 2. Mean cardiometabolic biomarkers levels over time for the intervention and control groups. a. Predicted
large TRL-p overtime. Post-hoc analyses showed significant differences between baseline and 6 weeks for control
group only (p < 0.001). b. Predicted LP-IR over time. Post-hoc analyses showed significant differences between

baseline and 6 weeks for control group only (p = 0.015).

https://doi.org/10.1371/journal.pone.0277009.g002
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did not observe significant changes in these outcomes [34, 35]. One possible reason for the dif-
ference in findings between previous research and this study may be attributed to the relatively
short-term intervention. Two systematic reviews assessing the effects of yoga-based stress reduc-
tion intervention in nonclinical populations, with the duration varying from four to 24 weeks,
suggested that the intervention duration is an important factor of yoga effectiveness [36, 37].
The optimal duration of yoga-based stress reduction intervention is unclear, but studies with
longer intervention periods appear to have better results [37]. Thus, further studies need to col-
lect outcomes at multiple time points to ascertain the effects of longer-term intervention on psy-
chological outcomes in caregivers. In addition, with 50 participants, this study was not
sufficiently powered to detect differences in the patient reported outcome measures between
groups. Future studies should be appropriately powered to assess the effects of perceived stress
by recruiting more participants, enrolling participants at higher risk, and prolonging follow-up.
The most notable finding of this study was that the yoga-based stress reduction intervention
appeared to be protective of negative changes in large TRL-P, which is specifically associated
with IR. IR is a key risk factor of metabolic dysfunction in prediabetes and T2D, characterized
by deterioration in tissue sensitivity to insulin and a compensatory increase in insulin secretion
[38]. Impaired insulin sensitivity may contribute to occlusive vascular disease, which has been
positively related to increased risk of coronary artery disease and ischemic stroke in the general
population [39, 40]. It is well appreciated that worsening IR was associated with lipoprotein
abnormalities featured by remarkably increased large VLDL-P, without consistent changes in
medium or small VLDL-P [41, 42]. Large VLDL-P may be more critical in predicting athero-
genic risk than medium or small VLDL-P since a greater proportion of large lighter VLDL is
efficiently catabolized to small dense LDL particles, leading to an increase in serum triglycer-
ides and cholesterol ester in the vascular intima [38, 43]. Using a novel NMR platform-derived
algorithm that captures five different TRL subclasses, we found that HSCT caregivers in the
control group showed a significant increase in circulating large TRL-P while levels in the inter-
vention group remained unchanged. The findings suggested a potential mechanism by which
caregiving stress may increase the risk of cardiometabolic disease. These findings are strength-
ened by our own past research finding that “double duty caregivers” who experienced the
added stress of providing care to another individual in addition to the cancer patient were
more likely to have higher levels of large TRL-P than were caregivers who only provided care to
the cancer patient [10]. We also previously found that HSCT caregivers’ levels of large VLDL-P
worsened over time, while the levels remained unchanged in non-caregivers, indicating very
early signs of cardiometabolic disease in these caregivers [21]. Perhaps caregiving stress has a
bigger impact on triglyceride-rich remnant lipoprotein, and it is through this pathway that
caregivers are at increased cardiometabolic risk. One of the main determinants of circulating
triglycerides is the level of lipoprotein lipase, which is well known to be affected by stress [44].
Another important finding in this study is that the yoga-based stress reduction intervention
elicited notable beneficial changes in LP-IR, a novel composite metabolomic marker of IR and
T2D risk. A growing body of clinical trials demonstrated that LP-IR scores were strongly associ-
ated with incidence T2D even independent of established risk factors including glucose or
HBAIc levels [45-47]. Furthermore, LP-IR scores have been shown to predict future T2D in
individuals at low risk for T2D based on their clinical profiles [45]. LP-IR scores offer a simple,
reliable way to monitor a patient’s risk of T2D and the effectiveness of treatments that may pre-
vent or delay the onset of T2D [45-47]. Previous studies evaluating the efficacy of modification
interventions that incorporate diet, exercise, stress management or group support on cardiome-
tabolic health have demonstrated the comparability of LP-IR with traditional markers for deter-
mining a patient’s IR state [48, 49]. However, no other study to date has assessed the effects of a
yoga-based stress reduction intervention on LP-IR. In this study, a significant improvement in
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LP-IR was observed in caregivers in the intervention group compared to those in the education
control group. As LP-IR was sensitive to change following the yoga-based stress reduction inter-
vention, our findings provide evidence for the clinical utility of this novel composite metabolo-
mic marker to assess alteration in diseases risk in caregivers. In addition, our findings
demonstrated that the yoga-based stress reduction intervention was effective for improving IR
defined by LP-IR scores, suggesting that yoga-based stress reduction may decrease the risk of
cardiometabolic disease in caregivers by preventing or delaying the onset of T2D. The exact
mechanisms underlying the effects of yoga-based stress reduction on diabetes risk profiles are
not yet well understood, and further studies are warranted. This study has several limitations.
First, with the small sample size, the study was underpowered to detect differences in the pri-
mary outcome between groups. These factors were accompanied by the relatively short data col-
lection period, which needs to be considered when interpreting these findings. Further studies
using larger samples are needed. Second, this study recruited only caregivers of individuals
receiving HSCT at the NIH Clinical Center, a unique research hospital that provides care only
to individuals enrolled in research protocols. Thus, the findings may not be generalizable to
caregivers of patients receiving traditional care in general hospitals or clinics. In addition, while
the study revealed a relatively high and consistent overall adherence to the intervention, moni-
toring the correct completion of the yoga poses is not possible when participants’ completion is
self-paced outside of a controlled setting. Given the growing number of people using live
streaming platforms, incorporating this technology (via the real-time display of video and syn-
chronous communications) may provide monitoring of the intervention and permit instant
feedback from participants during the practice improving intervention fidelity. Finally, since
this study was designed to measure study outcomes only at the baseline and six weeks after the
completion of the intervention, we did not measure study outcomes immediately before and
after the 20-minute intervention. This would have allowed us to examine whether the interven-
tion might have relieved levels of stress or psychological outcomes temporarily following the
completion of the audio file intervention. This temporary respite may have been enough to pro-
tect the intervention participants from negative changes in cardiometabolic biomarkers. Assess-
ment of measures across multiple time points (e.g., pre and post a single yoga session in
addition to pre and post the entire study) and longer follow-up could further inform how stress
or psychological outcomes change throughout the caregiving trajectory and which mechanisms
may lead to changes in cardiometabolic health in HSCT caregivers.

Conclusions

In this study, yoga-based stress reduction was effective for protecting cardiometabolic health
in HSCT caregivers, possibly preventing or delaying progression toward T2D. We reported
that detailed lipoprotein profiling might provide insight into the mechanisms underlying the
protective influence of gentle yoga poses and breathing exercises in preventing negative
changes in vascular atherogenicity and insulin sensitivity. Although additional research is
needed to determine factors influencing long-term changes in IR, health care providers should
consider the benefits of yoga-based stress reduction for improving insulin sensitivity and coro-
nary artery disease risk when developing tailored strategies to maintain optimal cardiometa-
bolic health of family caregivers.
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