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Abstract

The purpose of this study was to compare components of cardiometabolic risk and health
behaviors of 20 family caregivers of allogeneic hematopoietic stem cell transplant patients
to those of age, gender, and race/ethnicity-matched controls. A prospective, repeated mea-
sures design was used to compare cardiometabolic risk and health behaviors in caregivers
and controls at three time-points: pre-transplantation, discharge, and six weeks post-dis-
charge. Measures included components of metabolic syndrome, Reynolds Risk Score,
NMR serum lipoprotein particle analyses, and the Health-Promoting Lifestyle Profile Il
(HPLP-II). Mixed-model repeated measure analyses were used. There were no between or
within group differences in LDL cholesterol, HDL cholesterol, and triglycerides. There was a
significant interaction effect between time and role in large VLDL concentration (VLDL-P)
(F (2, 76) = 4.36, p=.016), with the trajectory of large VLDL-P increasing over time in care-
givers while remaining stable in controls. Within caregivers, VLDL particle size (VLDL-Z)
was significantly larger at time-point three compared to time-points one (p=.015) and two
(p=.048), and VLDL-Z was significantly larger in caregivers than in controls at time point
three (p=.012). HPLP-Il scores were lower in caregivers than controls at all time-points

(p <.01). These findings suggest that caregiving may have a bigger impact on triglycerides
than on other lipids, and it is through this pathway that caregivers may be at increased cardi-
ometabolic risk. More sensitive measurement methods, such as NMR lipoprotein particle
analyses, may be able to detect early changes in cardiometabolic risk.

Introduction

Exposure to prolonged stress is associated with increased morbidity and mortality, primarily
from cardiovascular disease (CVD) [1]. Although the exact pathway whereby chronic stress
leads to CVD is unclear, it appears that heightened activation or dysregulation of the
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hypothalamic-pituitary-adrenal axis and the sympathetic nervous system [2,3] may be contrib-
uting factors that result in endothelial dysfunction [4]. Individuals who engage in healthy
activities such as physical activity, rest and relaxation, social connection, proper nutrition, as
well as refraining from tobacco and excessive alcohol consumption, may be protected from
some of the damaging effects of chronic stress [2]. Unfortunately, unmanaged stress negatively
impacts one’s health behaviors, as individuals who are stressed are less likely to engage in regu-
lar exercise, and more likely to smoke, ingest excessive amounts of alcohol, and consume
foods high in sugar, fat, and salt, all of which contribute to cardiometabolic diseases such as
CVD and type 2 diabetes [5].

The stress and strain of being a caregiver increases one’s all-cause risk of mortality [6],
although there is some controversy whether this increased risk is a direct result of caregiving
or whether the general stress of having a severely ill loved one is the cause of this increased
morbidity of mortality [7]. However when evaluating the evidence specific to the effect of care-
giving on cardiovascular health, the findings are more consistent. Findings from the Nurses’
Health Study (NHS) examining 54,412 women with no baseline evidence of CVD suggested
that women who cared for a disabled or ill spouse for 9+ hours per week had an age-adjusted
relative risk of CVD of 1.93 (95% CI, 1.16-3.20) compared with non-caregivers [8]. Addition-
ally, individuals providing care to a spouse with Alzheimer’s disease exhibited increased Fra-
mingham Coronary Heart Disease scores compared to controls (8.0 +2.9vs. 6.3+ 3.0 (p =
.013)), with hypertension making the largest contribution to their CVD risk [9]. Much of the
prior research on CVD risk in caregivers has been conducted in dementia caregivers and has
focused on hypercoagulability as a potential mechanism; dementia caregivers have demon-
strated greater increases in the pro-coagulant factor D-dimer and tissue plasminogen activator
(t-PA) antigen [10]. In addition, dementia caregivers had a 2.2 times greater odds of having
carotid artery plaque measured via B-mode ultrasonography compared with non-caregivers,
even when controlling for other CVD risk factors (95% CI, 1.10-4.73, p = .48) [11].

While caregiving appears to increase the risk of morbidity and mortality, particularly from
CVD, nearly all of the research has focused on caregivers of individuals with dementia. No
published studies were found examining cardiometabolic risk factors in caregivers of patients
undergoing allogeneic hematopoietic stem cell transplantation (HSCT). In the realm of cancer
care, HSCT is one the most intense cancer treatments, potentially leading to serious and some-
times life-threatening treatment toxicities, as well as long-term health issues from chronic
graft versus host disease [12]. Accordingly, transplant centers require transplant patients to
have a caregiver at all times during the immediate post-transplant recovery period to provide
physical and emotional support to the patient and to assist in the assessment and management
of treatment-related symptoms [13]. While caregiving can be a rich and rewarding experience
[14], individuals providing care to a friend or family member undergoing HSCT experience a
multitude of competing demands that can lead to disruption in their daily lives and profound
stress [15-17]. Caregivers of HSCT patients typically experience high levels of caregiver bur-
den and, compared to age, gender, and race/ethnicity matched controls, they experience pro-
longed and significantly higher levels of stress, anxiety, and depression [18,19].

While the impact of caregiving on psychosocial aspects of caregivers’ health is well
described, the effects on health behaviors are less well understood. Evidence shows that HSCT
caregivers will prioritize the needs of the patient over their own [20]. Cancer caregivers report
modifying their lifestyle to accommodate their loved one’s needs, including restricting physical
activity and leisure time, as well as losing contact with their social support network of family
and friends [21]. However, the evidence is inconclusive regarding whether cancer caregiving
is=associated with decreases in healthy behaviors that are cardio-protective, such as physical
activity, proper nutrition, social interaction, and stress reduction [22].
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Determining cardiometabolic risk is complex and includes a variety of individual factors
that are often used in clinical practice within composite measures. Two common composite
measures are metabolic syndrome and the Reynolds Risk Score. Metabolic syndrome, a cluster
of symptoms that place individuals at increased risk for CVD [23], has been defined by the
Third Report of the National Cholesterol Education Program Adult Treatment Panel’s as the
presence of three or more of the following: hyperglycemia (fasting blood glucose > 110 mg/
dL), hypertension (blood pressure (BP) > 130/85 mmHg), hypertriglyceridemia (serum
triglycerides > 150 mg/dL), low high-density lipoprotein cholesterol (HDL-C) < 40 mg/dL in
men and < 50 mg/dL in women, and waist circumference > 40 inches in men and > 35 inches
in women [24]. The World Health Organization (WHO) also includes inflammation, mea-
sured as hs-CRP, as a component of metabolic syndrome, and the addition of hs-CRP
enhances the predictive values for cardiovascular risk [25]. The Reynolds Risk Score utilizes
traditional measures from the Framingham Risk Score (FRS) including: age, gender, total cho-
lesterol, HDL-C, systolic blood pressure (SBP), smoking status, and antihypertensive medica-
tion usage to calculate an individual’s 10-year risk of CVD [26]. However, the Reynolds Risk
Score also includes family history and hs-CRP, potentially providing better prediction of
10-year CVD risk than the FRS [27].

Low-density lipoprotein cholesterol (LDL-C) has also been recognized as an important pre-
dictor of cardiometabolic risk, and reducing LDL-C with statins improves morbidity and mor-
tality [28]. Recently, nuclear magnetic resonance (NMR) spectroscopy, has become an
established technique for quantifying both the concentration and size of serum lipoproteins,
and measurements of total LDL particle concentration (LDL-P) and particle size (LDL-Z) may
serve as more accurate, sensitive indicators of true cardiometabolic risk than measurements of
LDL-C [29].

The purpose of these analyses is to compare over time the cardiometabolic risk and health
behaviors of HSCT caregivers to age, gender and race/ethnicity matched controls. The primary
research question was: Are there differences in HSCT caregivers compared with controls in
measures of cardiometabolic risk (components of metabolic syndrome, Reynolds Risk Score,
and NMR serum lipoprotein particle concentration and size), as well as differences in health
behaviors that contribute to cardiometabolic risk? A secondary research question was: Do
health behaviors predict cardiometabolic risk in HSCT caregivers?

Methods
Study design and participants

This study utilized a prospective repeated measure design to compare changes in components
of cardiometabolic risk and health behaviors in 20 family caregivers of adults undergoing
HSCT. Data were collected at three time-points: pre-transplantation (pre-HSCT), time of ini-
tial hospital discharge (+1 week), and six weeks post-discharge (6wk) (+1 week) compared
with age-, gender-, and race/ethnicity matched controls. This study was approved by the
National Heart, Lung, and Blood Institute intramural Institutional Review Board and written
informed consent was obtained for all participants. The study design, participants and proce-
dures have been described in detail previously in a manuscript that examined biomarkers of
stress [19]. Caregivers of adult patients receiving their first HSCT at the National Institutes of
Health (NIH) Clinical Center were approached prior to the patient’s transplant and were
enrolled if they were able to read and write in English or Spanish and > 18 years of age. The
NIH Clinical Center Clinical Research Volunteer Program registry was used to identify 20 gen-
der, age (+ 10 years) and race/ethnicity-matched controls meeting the same inclusion criteria.
Exclusion criterja that were the same for both groups included: glucocorticoid treatment in
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the last two months; diagnosis of Cushing, Addison or Parkinson’s disease; heart transplant;
pacemaker; orthostatic hypotension or autonomic dysfunction; unwilling to cease smoking for
at least 12 hours or drinking alcohol for at least 24 hours prior to specimen collection; or serv-
ing as a paid caregiver for an individual. Control subjects were also excluded if they were cur-
rently receiving psychiatric care/medications, had served as a family caregiver in the preceding
three months, or had experienced a substantially stressful life event in the preceding three
months.

Measures

At each time-point, caregiver and control subjects were asked to complete a demographic and
health behavior questionnaire, as well as a clinical review, including a physical exam, health
history, and twelve-hour fasting blood samples. These visits incorporated a determination of
Eastern Cooperative Oncology Group (ECOG) performance status (Eastern Cooperative
Oncology Group, 2002) and completion of the Charlson Comorbidity Index [30], a review of
recent stressful life events, and anthropomorphic measurements (height, weight, BP, heart
rate, waist circumference, and BMI). Height and weight measurements were obtained with
subjects wearing light clothing, without shoes, and rounded to the nearest 0.1 centimeter and
kilogram, respectively. Waist circumference was measured at the level of the umbilicus at the
end of exhalation, with the subject lying down. BP was measured by a Dinamap™ Pro 100-
400v2 electronic BP machine on either the right or left upper arm of the subject, following a
5-minute rest period in a sitting position; three BP measurements were obtained and the aver-
age was used. Blood samples were obtained from an indwelling catheter placed in the subject’s
arm and run in a clinical chemistry panel (total cholesterol, HDL-C, LDL-C, triglycerides, glu-
cose, and hs-CRP), as well as analyzed for NMR serum lipoprotein particle concentration and
size. Clinical chemistry panels were obtained through an enzymatic immunoassay using a
Roche Cobas™ 6000 Analyzer (Roche Diagnostics, Indianapolis, IN).

Cardiometabolic risk. Cardiometabolic risk is measured in this study using: components
of metabolic syndrome, Reynolds Risk Score, LDL-C, and NMR serum lipoprotein particle
concentration and size.

The following components of metabolic syndrome were used: SBP, DBP, waist circumfer-
ence, and fasting levels of serum glucose, triglycerides, HDL-C, and hs-CRP. While related to
cardiometabolic risk but not specifically listed as components of metabolic syndrome, an apo-
lipoprotein panel and LDL-C were also obtained, and a Homeostasis Model Assessment of
Insulin Resistance (HOMA-IR) was calculated.

A Reynolds Risk Score was calculated for each subject [26]. The score was calculated using
each subject’s: age, current smoking status, BP, total cholesterol, HDL-C, hs-CRP, and familial
history of myocardial infarction. The score is calculated and stratified into one of four risk cat-
egories: Low risk (< 5% chance), low to moderate risk (5% to 10% chance), moderate to high
risk (10% to 20% chance), or high risk (20% or higher chance).

NMR spectroscopy was used as a technique to quantify both the concentration and size
(diameter) of serum lipoproteins. Aliquots of frozen serum samples were used for the NMR
analysis. LDL-P, LDL-Z, high-density lipoprotein particle concentration (HDL-P) and size
(HDL-Z), and very low-density lipoprotein particle size (VLDL-Z) were calculated from the
amplitudes of their spectroscopically unique lipid methyl group NMR signals. Relative mass
percentage was also quantified from methyl group signals, which gave estimations of concen-
trations and sizes of lipoprotein subclass by size (small LDL-P, large HDL-P, and large
VLDL-P). Prior studies have shown that measurements of total LDL-P and LDL-Z may serve
as more accurate indicators of true cardiovascular risk than LDL-C when LDL-C and LDL-P
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are discordant, especially because cholesterol content of LDL varies greatly among individuals
[29,31,32]. Lipid subclass profiles were obtained using the Vantera®™ Clinical Analyzer
(LipoScience, Inc., Raleigh, NC) at the NTH Clinical Center’s Department of Laboratory
Medicine.

Health behaviors. Each subject was screened for their current and past alcohol and
tobacco usage at each clinic visit. Tobacco frequency and duration of consumption was
assessed and documented based on the number of tobacco products consumed per day and
their lifetime pack year history.

The Health-Promoting Lifestyle Profile IT (HPLP-II) is a self-administered 52-item instru-
ment that measures the frequency of self-reported healthy behaviors using a 4-point Likert
scale [33]. It consists of 6 subscales: Physical activity, spiritual growth, health responsibility,
interpersonal relations, nutrition, and stress management. Scores range from 52 to 208, with
higher scores indicating more frequent engagement in health behaviors. Cronbach’s alphas for
the total scale were .97 at all three time-points and subscale coefficients ranged from .80 to .95.

Statistical analysis

The distributions of all variables at each time-point were examined and appropriate descriptive
statistics were computed (e.g., mean and standard deviation (SD) for interval level data,
median for ordinal level data, frequency and percentage for categorical data). Variables were
natural log or square root transformed in the final model if necessary to meet normality
assumption for the analyses. Baseline between group differences were evaluated using appro-
priate parametric or non-parametric tests (Chi-square test, Fisher’s exact test, t test, or Wil-
coxon signed rank test).

Mixed model repeated measure analyses were used to determine whether there was a
change in all cardiometabolic factors and health behaviors over three study time-points
between groups. Visit was treated as a categorical variable. Restricted maximum likelihood
(REML) procedure was used for model parameter estimation. Aikake information criterion
(AIC) and Bayesian information criterion (BIC) were used to compare and select models.
Demographic variables including income and education were tested and added as covariates
in the final model if they were significant predictors or contributed to the model. All data anal-
yses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC). A p < .05 was con-
sidered significant.

Results

Baseline demographic characteristics, cardiometabolic risk factors, and health behaviors for
both caregivers and control subjects are detailed in Table 1. A more detailed description of the
control subjects, caregiver subjects and their transplant recipients has been published previ-
ously [19]. The patients were on average 20 months (+21.2 months; range 2-76) from initial
diagnosis. Twenty-eight of 40 eligible caregivers enrolled, and 21 completed the study [19].
Control subjects reported higher levels of income (p = .02) and education (p = .01) than care-
givers at baseline. Otherwise, there were no significant differences in the two groups in demo-
graphic variables.

At baseline, the majority of subjects in both groups were overweight (n = 8, 38.1% caregiv-
ers; n = 3, 15% controls) or obese (n = 7, 33.3% caregivers; n = 8, 40% controls) and had at
least one chronic health condition (n = 16, 76.2% caregivers; n = 15, 75% controls). There were
no significant group differences in the use of medications for diabetes (p = 0.169) or CVD
(hypertension and/or hypercholesterolemia) (p = 0.159). Approximately one quarter of the
caregivers (n = 6, 28.6%) and 10% (n = 2) of control subjects met the criteria for metabolic

PLOS ONE | https://doi.org/10.1371/journal.pone.0176408 May 4, 2017 5/15


https://doi.org/10.1371/journal.pone.0176408

®'PLOS | one

CVD in HSCT caregivers

Table 1. Demographics, cardiometabolic risk factors and health behaviors at baseline.

Caregivers Normal Controls
n=21 n=20
Demographics M (SD)
min-max
Age, years 52.2(11.4) 51.1(11.0)
30.5-74 29.9-74
Gender, female, n (%) 12 (57.1) 11 (55.0)
Education, n (%)2°**
High school or less 3(15.0) 0(0)
Associate’s degree/some college 9 (45.0) 2(10.5)
Bachelor’s degree 3(15.0) 10 (52.6)
Graduate or professional degree 5(25.0) 7 (36.8)
Income, n (%)**
<$10,000 6 (28.6) 1(5.0)
$10,000-$29,999 1(4.8) 1(5.0)
$50,000-$69,999 4(19.0) 1(5.0)
$70,000-$89,999 3(14.3) 4 (20.0)
$90,000-$149,999 4(19.0) 7 (35.0)
More than $150,000 3(14.3) 6 (30.0)
Cardiometaolic Risk Factors
BMI, kg/m? 28.7 (4.4) 27.3(5.3)
20.8-36.8 20-36.1
SBP, mmHg 115.4 (10.6) 115.3(10.2)
98-143 96-137
DBP, mmHg 68.6 (6.6) 68.8 (6.6)
56-85 58-80
Hypertension®, n (%) 6 (28.6) 3(15)
Total Cholesterol, mg/dL 170.2 (28.9) 172.7 (25.0)
97-208 135-232
HDL-C, mg/dL 50.1(16.4) 52.6 (10.9)
21-77 27-69
LDL-C, mg/dL 94.0 (22.9) 101.9 (20.6)
45-133 69-134
Triglycerides, mg/dL 130.0 (90.0) 94.8 (55.3)
43-349 39-244
Hypertriglyceridemia®, n (%) 7 (33) 2(10)
Glucose, mg/dL 92.6 (7.5) 94.7 (9.9)
83-106 80-123
Hyperglycemia®, n (%) 4(19) 1(5)
Apolipoprotein A1, mg/dL 145.3 (28.7) 146.7 (19.9)
98-209 118-207
Apolipoprotein B, mg/dL 84.9 (20.0) 85.1(12.7)
44-122 69-111
Apolipoprotein B/A1 ratio 0.6 (0.2) 0.6 ((0.1)
0.3-1.0 0.5-0.8
HOMA-IR 3.6 (6.3) 2.4(2.9)
0.8-29.5 0.5-12.9
hs-CRP, mg/L 2.1(2.0) 1.4(1.4)
0.2-6.2 0.2-5
Metabolic Syndrome, yes, n (%) 6 (28.6) 2(10.0)
Reynolds Risk Score, n (%)
Low risk, <5% 16 (76.2) 18 (90.0)
(Continued)
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Table 1. (Continued)

Demographics

Low to Moderate risk, 5%-10%
Moderate to High risk, 10%-20%
High risk, >20%

LDL-P, nmol/L

HDL-P, umol/L

Small LDL-P, nmol/L?®
Large HDL-P, ymol/L

Large VLDL-P nmol/L
LDL-Z, nm*

HDL-Z, nm

VLDL-Z, nm

Health Behaviors

Alcohol use, yes, n (%)

Tobacco use, yes, n (%)
Health-Promoting Lifestyle Total***

Nutrition

Physical Activity***
Interpersonal Relations***
Spiritual Growth***
Stress Management* **

Health Responsibility* **

Caregivers
n=21

3(14.3)
2(9.5)
0

905.9 (173.3)
5341250

19.9 (3.0)
15.2-28.6

276.2 (212.19)
70-657

2.3(1.3)
0.8-5

3.9(3.0)
0.5-10.7

21.1(1.0)
19.7-22.5

9.5(0.7)
8.4-11.1

52.1 (5.1)
43.3-63.4

13 (61.9)
3(14.3)

2.4(0.6)
1.1-3.8

2.6(0.7)
1.1-3.8

1.9(0.8)
1.0-4.0

2.7 (0.7)
1.1-3.8

2.8(0.7)
1.2-38

2.2(0.7)
1-4

2.1(0.6)
1.1-37

M (SD)
min-max

Normal Controls
n=20

2(10.0)
0
0

925.1 (178.7)
660-1253

20.1 (2.4)
13.7-24.1

185.25 (118.9)
27-423

2.3(1.2)
0.7-4.8

3.04 (2.3)
0.3-8.1

21.7(0.8)
20.1-22.9

9.6 (0.8)
8.2-11

50.4 (5.9)
37.8-62.5

18 (90.0)
2(10.0)

2.9(0.4)
1.9-3.7

2.8(0.6)
1.4-37
2.6(0.9)
1.3-3.9
3.2(0.5)
2.1-3.9
3.4(0.4)
2.6-4
2.8(0.5)
1.6-3.6

2.7 (0.6)
1.4-4

Mmean, SD standard deviation, BM/ body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HDL-C high-density lipoprotein
cholesterol, LDL-C low-density lipoprotein cholesterol, hs-CRP high-sensitivity C-reactive protein, HOMA-IR homeostatic model assessment for insulin
resistance, Reynolds Risk Score Percent risk of a cardiac event in the next 10 years, LDL-P low-density lipoprotein particle number, HDL-P high-density
lipoprotein particle number, VLDL-P very low-density lipoprotein particle number, LDL-Zlow-density lipoprotein particle diameter, HDL-Z high-density
lipoprotein particle diameter, VLDL-Z very low-density lipoprotein particle diameter.

®n = 20 caregivers,

®n = 19 normal controls,

°BP > 130/85 or antihypertensive medication,

“Triglycerides > 150 mg/dl or lipid-lowering medication,
®Glucose >110 mg/dl or insulin or oral hypoglycemic medication
*p <.05,

**p <.02,

***p < .01

https://doi.org/10.1371/journal.pone.0176408.t001
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Table 2. Estimated mean differences between caregivers and controls for the main outcomes, according to mixed model repeated measures

analysis.
Outcome Baseline Discharge 6-Weeks Post
Mean difference
(95% Cl)
HDL particle® 0.65 1.69 2.31
(-1.05, 2.35) (-0.01, 3.39) (0.59, 4.03)**
Large VLDL-P? 0.31 0.68 1.74
(-1.61,2.24) (-1.24,2.61) (-0.20, 3.67)
VLDL diameter 1.79 3.69 4.84
(-1.92, 5.49) (-0.01, 7.39) (1.09, 8.58)*
HPLP total -0.53 -0.50 -0.54
(-0.85, -0.21)** (-0.80, -0.19)** (-0.82, -0.27)***
Physical activity -0.74 -0.58 -0.59
(-1.26,-0.21)** (-1.05,-0.11)* (-1.04,-0.13)*
Relationships -0.53 -0.58 -0.53
(-0.91,-0.16)** (-0.94, -0.21)** (-0.91, -0.15)**
Spirituality -0.55 -0.50 -0.51
(-0.90, -0.19)** (-0.85, -0.14)** (-0.89, -0.12)*
Stress reduction -0.57 -0.60 -0.71
(-0.95, -0.19)** (-0.96, -0.25)** (-1.04, -0.37)***
Health responsibility -0.60 -0.50 -0.58
(-1.00, -0.21)** (-0.89, -0.12)* (-0.95, -0.21)**

All differences were calculated as caregiver values minus control values.

ClI Confidence Interval, HPLP Health-Promoting Lifestyle Profile Il (HPLP-II).
8ncome was controlled in the model.

*p <.05,

*% p< .01 ,

*¥*¥* p<.001

https://doi.org/10.1371/journal.pone.0176408.t1002

syndrome, but the large majority of both the caregivers (n = 16, 76%) and the controls (n = 17,
89%) had Reynold’s Risk Scores that placed them at low risk for CVD. The NMR analysis
revealed mean values of HDL-P and large HDL-P placed both caregivers and controls in the
higher cardiometabolic risk category, while levels of small LDL-P, large VLDL-P, and VLDL-Z
placed both groups at moderate risk [32,34,35]. The sole baseline difference between the two
groups in cardiometabolic risk was LDL-Z, which was significantly smaller in the caregivers
than the controls (p = .036).

Examining between and within group effects, there were no significant effects in any of the
traditional markers of cardiometabolic risk in the final models. However, there were signifi-
cant effects in three of the lipoprotein particle size and concentration markers of cardiometa-
bolic risk. Estimated mean differences between the two groups for the main outcomes are
shown in Table 2. First, controlling for income, there was a significant interaction effect
between time and role in large VLDL-P (F (2, 76) = 4.36, p = .016), with trajectories of large
VLDL-P increasing over time in caregivers compared with controls (Fig 1). Caregiver within-
group analyses revealed that levels of large VLDL-P were significantly higher at time-point
three compared with time-point one (p = .002) and time-point two (p = .011). Second, when
controlling for income, there was a significant interaction effect between time and role in
HDL-P (F (2, 76) = 3.49, p = .035), with levels of HDL-P increasing in caregivers while HDL-P
in controls were stable; time-point three was significantly higher than time-point one in the
caregivers (p = .002), and this level was significantly higher than controls (p = .009) (Fig 2).
Finally, there was a significant main effect of role in levels of VLDL-Z (F (1, 39) = 4.28,
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Fig 1. Predicted large VLDL-P particle concentration over time based on caregiver status, controlling
for income. Contrast tests showed significant differences between time-point 3 and time-point 1 (p=.002)

and between time-point 3 and time-point 2 (p = .0112) for caregiver group only. CG caregiver, NV normal
volunteer.

https://doi.org/10.1371/journal.pone.0176408.g001

p = .045), with levels of VLDL-Z significantly higher in caregivers than in control subjects at
time-point three (p = .012) and within the caregivers, levels of VLDL-Z at time-point three
were significantly higher than at time-points one (p = .015) and two (p = .048) (Fig 3).

There were no significant baseline differences in health risk behaviors (alcohol consump-
tion and smoking), nor were there any changes in these behaviors over time in either group.
Baseline total scores for the HPLP were significantly lower in the caregivers than controls (p =
.002) (Fig 4). With the exception of nutrition, caregivers scored significantly worse than con-
trols in all of the subscales of the HPLP including physical activity (p = .007), interpersonal
relationships (p = .005), spirituality (p = .004), stress reduction (p = .004), and health responsi-
bility (p = .004). The trajectories of health behaviors did not change significantly over time in
either group, and remained significantly different between the two groups over all time points

Mean of predicted total HDL-P
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- p =.0091 Ny
19 e —" al
18
17
16
1 2 3
Time Point

Fig 2. Predicted total HDL-P particle concentration over time based on caregiver status, controlling
for income. Contrast tests showed significant differences between time-point 3 and time-point 1 for caregiver
group only (p=.0017). CG caregiver, NV normal volunteer.

https://doi.org/10.1371/journal.pone.0176408.9002
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Fig 3. Predicted total VLDL-Z particle size over time based on caregiver status. Contrast tests showed
significant differences between time-point 3 and time-point 1 (p = .0152) and between time-point 3 and time-
point 2 (p = .0481) for caregiver group only. CG caregiver, NV normal volunteer.

https://doi.org/10.1371/journal.pone.0176408.9003

(Fig 4). There were no significant relationships at any time point between total HPLP scores
and any of the measures of NMR lipoprotein particle size or concentration.

Discussion

The findings of this study suggest that traditional measures of cardiometabolic risk may not be
robust enough to identify at-risk individuals early in the trajectory of caregiving, while NMR
lipoprotein particle size and concentration may be sensitive enough to detect such changes.
Three of these more sensitive markers of cardiometabolic risk differed between groups. Levels
of HDL-P placed both caregivers and non-caregivers at higher cardiometabolic risk at baseline.
While levels of HDL-P improved in the caregivers, these levels remained in the higher cardio-
metabolic risk category. However, the findings with the VLDL assays were more compelling.

35
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Fig 4. Predicted total scores of HPLP-Il over time based on caregiver status. CG caregiver, NV normal
volunteer.

https://doi.org/10.1371/journal.pone.0176408.9004
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Prior to the transplant, caregivers’ levels of large VLDL-P and VLDL-Z were similar to the
controls, but these levels worsened over time in the caregivers, while levels in the non-caregiv-
ers remained unchanged.

The increasing levels of large VLDL-P and VLDL-Z seen in the HSCT caregivers in this
study may be evidence of very early signs of CVD in this population. Unlike the caregivers in
this study, none of whom were in the high-risk category for CVD based on their Reynolds
Risk Scores, von Kanel et al [9] found that dementia caregivers exhibited FRS that placed them
at high risk for CVD. While no direct comparisons can be made in CVD risk between these
two groups of caregivers because the scales upon which risk were calculated differ, SBP and
DBP as well as total cholesterol were lower and HDL-C was higher in the HSCT caregivers
than the dementia caregivers. Perhaps the reason that the dementia caregivers appear to be
doing worse in regards to cardiometabolic risk than the HSCT caregivers can be attributed to
the fact that the dementia caregivers had been enduring the effects of caregiving for up to
twelve years. While HSCT caregiving is stressful and demanding, the caregivers in this study
may not yet have experienced the chronic, long-term stress of caregiving that appears to be the
nature of dementia caregiving. Furthermore, the mean age of the dementia caregivers was over
72 years, twenty years older, on average, than the caregivers in this study. It is possible that the
HSCT caregivers in this study may be in the early stages of the development of CVD and have
not yet experienced the same effects of aging and chronic caregiving stress on their cardiovas-
cular health that were seen in dementia caregivers.

Although the immediate period around the transplant procedure is often the most stressful,
the impact on the patient and caregiver is far from over when they leave the acute care facility.
The majority of HSCT recipients survive beyond two years, but many experience lingering
health effects and unique complications such as chronic GVHD that lead to chronic physical
and psychosocial problems for the survivor as well as the caregiver [36-38]. Thus, while some
caregivers may recover from the stress of the acute HSCT experience with no long-term health
consequences, many will continue to experience the stress and uncertainty of caregiving for
many years [39].

Despite the increasing levels of large VLDL-P and VLDL-Z along the caregiving trajectory,
neither LDL-C nor the NMR lipoprotein measures of LDL-C (LDL-P, LDL-Z) explained CVD
risk in the caregivers in this study. The Apolipoprotein B/Apolipoprotein A-1 ratio, an impor-
tant predictor of coronary death that is associated with metabolic syndrome [40], did not differ
in caregivers and controls. LDL-C has received a great deal of attention as a marker of CVD
risk and, as a result, has become a major focus of primary prevention of CVD [28]. Lowering
LDL-C with statin therapy reduces CVD morbidity and mortality by approximately 20% [41].
Despite the importance of LDL-C as a marker of CVD and a focus of treatment, there remains
significant residual risk for CVD that could be accounted for by other lipoproteins. Perhaps
the stress of caregiving has a bigger impact on triglyceride-rich remnant lipoproteins such as
VLDL, 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 [42], as well as by exercise [43]. The fact that mea-
sures related to VLDL changed the most in caregivers suggest that, in the future, it may be
valuable to also measure post-prandial lipids, particularly given the recent evidence of their
importance in cardiovascular disease [43].

Another important finding in this study is that participation in all of the health promoting
behaviors except nutrition was worse in the caregivers than controls at all time-points. Com-
pared to control subjects, the HSCT caregivers are not exercising, engaging in stress manage-
ment, seeking routine medical care, or experiencing the benefits of spirituality and social
support. Three quarters of the caregivers were overweight or obese and reported having at
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least one chronic health condition at the start of caregiving. This scenario may be indicative of
a “perfect storm,” as caregivers in this study were coming into the caregiving experience in
poor health, experiencing high levels of stress related to caregiving [19], and doing very little to
take care of themselves throughout the process.

While this study adds to the evidence regarding cardiometabolic risk in caregivers, it is not
without limitations. The small sample size may have contributed to the inability to identify
additional differences between the two groups and to see a significant relationship between
health behaviors and cardiometabolic risk. While the researchers carefully matched the care-
givers and control subjects in age, gender and race/ethnicity, and they controlled for any sig-
nificant demographic differences such as income and education, the two groups may have
differed in other ways that could have influenced study outcomes. While one of only a few
research studies to follow caregivers longitudinally, the average length of time that caregivers
were followed in was relatively short (approximately 84 days) [19], and this could have contrib-
uted to an inability to see differences in traditional measures of cardiometabolic risk. Despite
its small sample size and short duration, this study, utilizing more sensitive indicators of cardi-
ometabolic risk, provides evidence of a possible early mechanism in the development of cardi-
ometabolic disease in caregivers that warrants future investigation.
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