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NeuropeptideY (NPY) is involved in resilience to stress, and higher vagal (parasympathetic) activity
has been associated with greater stress resilience. Thus, we examined whether rs16147, a functional
promoter polymorphism (C>T) of the NPY gene, could influence vagal tone during chronic high stress
levels. NPY genotyping, chronic psychological stress level measurement (using the Perceived Stress

. Scale [PSS]), cardiac autonomic function assessment (using short-term heart rate variability [HRV])

. were performed in 1123 healthy, drug-free Han Chinese participants who were divided into low- and

. high-PSS groups. In the high-PSS group (n=522), the root mean square of successive heartbeat interval
differences and high frequency power (both HRV indices of parasympathetic activity) were significantly
increased in T/T homozygotes compared to C/C homozygotes. However, no significant between-

. genotype difference was found in any HRV variable in the low-PSS group (n=601). Our results are the

. first to demonstrate that functional NPY variation alters chronic stress-related vagal control, suggesting

. apotential parasympathetic role for NPY gene in stress regulation.

High levels of prolonged stress may lead to physiological and various psychological problems’ but do not affect
everyone similarly. Resilient people have adaptive physiological and psychological responses and are not weighed

. down by adversity, while non-resilient people exhibit inappropriate responses that increase their susceptibility

to disease® Recent studies of heart rate variability (HRV), a noninvasive electrocardiographic (ECG) method to
measure autonomic nervous system (ANS) activity®, have implicated ANS function in the stress response.

The cognitive and emotional responses of people with higher cardiac vagal (parasympathetic) tone tend to be
more adaptive to a variety of stressors*°. Higher vagal control further reduces the later development of internal-
izing psychopathology in response to chronic adversity”®. In addition, higher vagal tone also predicts better car-

. diovascular recovery from psychosocial stress>!°. Conversely, decreased vagal control is associated with impaired

: post-stress recovery of cardiovascular, endocrine, and immune markers; predicts future stress-related mental

. disorders (e.g., anxiety and depressive disorders), and predisposes to cardiovascular risk factors such as obesity,

. hypertension, and diabetes®!""'2. Differences in vagal tone under high chronic stress conditions have therefore

: been considered a contributing factor to individual differences in resilience to stress”!*>!4. However, we know

. little about the underlying molecular mechanisms responsible for individual differences in vagal control during

. prolonged high stress.

: The 36-amino acid neuropeptide Y (NPY) is released during both acute and chronic stress'®, widely distrib-
uted in the brain and ANS'S, and an influential mediator of stress resilience. Animal models and pharmacolog-
ical studies have repeatedly revealed the anxiolytic and antidepressant-like properties of NPY in stress-induced

. behaviors'’-%. Likewise, human studies have demonstrated that soldiers with higher levels of NPY following
interrogation displayed lower psychological distress?!. Furthermore, higher NPY is positively associated with
feelings of dominance and self-confidence, and superior performance under interrogation stress?»?. Of note,
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“Low-PSS group (n=601) “High-PSS group (n=522)
C/C C/T T/T C/C C/T T/T

Characteristics (n=301) (n=236) (n=64) P® (n=230) (n=234) (n=58) Vs
Age (year) 40.1£10.5 41.6£10.9 39.5+10.7 0.20 353+£9.2 36.1£9.3 352+89 0.61
Female, 1 (%) 162 (53.8) 130 (55.1) 35(54.7) 0.96 120 (52.2) 105 (44.9) 30(51.7) 0.26
BMI (kg/mz) 22.6+33 229432 225432 0.46 22.8+34 229432 223437 0.49
Current smoker, 7 (%) 50(17.4) 24.9 (13.6) 11(17.5) 0.47 30 (13.6) 44 (19.8) 7(13.7) 0.18
Weekly regular exercise 0.70 0.17
<3 times/ week, n (%) 241 (80.1) 193 (81.8) 54 (84.4) 206 (89.6) 200 (85.5) 47 (81.0)

>3 times/ week, 7 (%) 60 (19.9) 43 (18.2) 10 (15.6) 24 (10.4) 34 (14.5) 11 (19.0)

Total cholesterol (mg/dl) 177.3+27.4 181.1£30.3 181.44+29.9 0.25 174.6 £28.3 175.0£28.0 173.9£325 0.97
Triglyceride (mg/dl) 93.7+£39.6 93.0+41.9 94.0£44.0 0.98 93.6+37.4 90.3+37.2 93.2+40.4 0.63
Fasting glucose (mg/dl) 87.6+8.2 88.5+8.5 85.9+6.2 0.075 87.0£7.9 87.2+£8.0 85.1+7.46 0.19
PSS (scores) 154+4.4 15.0+£4.8 14.9+5.0 0.67 27.3+£4.0 27.1+4.4 27.5+5.6 0.84
BAI (scores) 2.84+3.50 2.94+3.68 3.98+3.28 0.93 5.53+4.71 5.534+4.72 4.72+4.38 0.47
BDI (scores) 3.69+4.0 320+34 2.83+3.1 0.12 7.30£5.0 7.47+5.0 7.17+54 0.90
Heart rate (beats/min) 70.7+12.8 70.9+11.3 70.94+10.2 0.99 72.5+10.2 70.7+10.5 68.57+10.3 | 0.017
SBP (mmHg) 1122+12.2 113.2£13.1 109.6 £13.9 0.13 113.6 £12.8 112.4+134 108.3+11.4 | 0.021
DBP (mmHg) 73.7+8.9 73.9+9.1 71.0+9.1 0.060 74.0+£9.0 722493 69.4+8.3 0.002

Table 1. Demographic data and clinical characteristics of participants stratified by NPY genotype and
stress level. *Low- and high-PSS groups were determined by a median split at PSS score 21. *Comparison using
ANOVA test (continuous variables) and x? test (categorical variables). Continuous variables are reported as
mean = standard deviation; categorical variables are listed as number (percentage).Abbreviations: BAI, Beck
Anxiety Inventory; BDI, Beck Depression Inventory-1I; BMI, body mass index; PSS, Perceived Stress Scale; DBP,
diastolic blood pressure; SBP, systolic blood pressure.

experimental research has also shown the involvement of the NPY system in synaptic transmission of the ANS,
particularly the parasympathetic nervous system?*%.

A single nucleotide polymorphism (SNP rs16147: C-399T) in the promoter region of NPY gene has recently
been shown to alter NPY expression in vitro, with -399C allele reducing the expression of NPY gene®. Previous
studies have reported that the NPY -399C allele is associated with increased bilateral amygdala activation in
response to threat-related fascial expression in both healthy humans and depressed patients*?’. In addition, the
NPY rs16147 also modifies risk of post-disaster generalized anxiety disorder under conditions of hurricane expo-
sure?. Thus, investigating the effect of NPY rs16147 polymorphism on HRV during long periods of high stress
is crucial for understanding the mechanisms underlying chronic stress-related vagal control and may provide
potential insights into NPY’s role in stress resilience.

Several non-genetic factors (age, gender, smoking status, physical activity, physical position, medications,
and psychiatric and medical morbidities) may influence HRV?. Studying medication-free healthy subjects in a
well-controlled manner can therefore attenuate these confounding influences to reveal more precisely the effect
of the NPY gene on stress regulation of vagal activity. Using HRV measures in a large cohort of healthy drug-free
Han Chinese subjects, the current study tested the hypothesis that the promoter variant (rs16147: C-399T) of
NPY has an effect on cardiac vagal control during high-level chronic stress and whether the association remains
significant even after adjusting for relevant confounders.

Results

Sample characteristics in NPY genotype subgroups of low- and high-stress participants. The
NPY genotype distribution in this cohort was in Hardy-Weinberg equilibrium. Using a median split approach,
we divided participants into those with high Perceived Stress Scale (PSS) score (n = 522; mean PSS score:
27.23 £ 4.38; range: 22-45) and those with low PSS score (1 =601; mean PSS score: 15.19 4 4.60; range: 0-21).
The demographic and clinical data for the participants with different NPY genotypes in both groups are listed in
Table 1. In the low-PSS group, the NPY genotype subgroups did not differ in demographic data or clinical char-
acteristics, e.g., gender, systolic (SBP) and diastolic blood pressure (DBP), serum metabolic profiles, and Beck
Anxiety Inventory (BAI) scores. However, the NPY genotype subgroups of high-PSS participants differed signif-
icantly in heart rate (HR), SBP, and DBP (p =0.017, 0.021, and 0.002, respectively). T/T genotype carriers had
significantly lower values of HR, SBP, and DBP than C/C genotype subjects (all p < 0.05), while C/T heterozygotes
and T/T homozygotes had similar HR and blood pressure.

Non-genetic factors associated with HRV indices, stratified by PSS score.  Associations between
HRYV measures and potential confounding variables are summarized separately according to PSS score (Table 2).
In the high-PSS group, women (compared to men) had significantly reduced low frequency power (LF), high fre-
quency power (HF), ratio of LF to HF (LF/HF), and root mean square of successive heartbeat interval differences
(RMSSD). Habitually physically active participants had significantly higher HF and RMSSD. Age, BAI score, and
serum metabolic parameters were negatively correlated with HRV indices, including HF and RMSSD. For the
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LF HF LF/ HF RMSSD

Low-PSS | High-PSS | Low-PSS | High-PSS | Low-PSS | High-PSS | Low-PSS | High-PSS
Age —0.45%%% | —(0.45%%k | Q. 4]%Hkk | —(38%H* —0.09% —0.17#%% | —(.39%#% | (37
Gender (Women/men) 0.26%%* 0.26%%* 0.08* 0.15%* 0.22%%* 0.207%:%* 0.07 0.13%:*
BMI 0.02 0.01 —0.06 —0.01 0.08%* 0.01 0.03 —0.06
Smoking status (No/ yes) 0.02 0.02 —0.003 —0.07 0.05 —0.05 0.05 0.08
Physical activity (Low/ high) 0.05 0.05 —0.03 0.10%* —0.09% —0.06 0.03 0.15""
Total cholesterol —0.13%% | —0.15%%* | —0.11%* —0.07 —0.05 —0.09% | —0.16%** —0.11%
Triglyceride —0.18%* —0.10% —0.21%%%* —0.07 0.01 —0.03 —0.20%** —0.15%*
Fasting glucose —0.20%%% | —0.20%%% | —0.22%%% | —0.20%** —0.01 —0.04 —0.22%%% | —(.22%%*
BAI —0.04 —0.15%* —0.06 —0.14%* 0.01 —0.01 —0.06 —0.13"
BDI —0.03 —0.05 0.01 —0.03 —0.06 —0.01 0.01 —0.04

Table 2. Non-genetic potential confounding factors associated with HRV indices among participants
stratified by PSS score. Data are represented as correlation coefficient values. First category in parenthesis

is the reference group. Physical activity levels were classified as 0-2 times per week (low)/ >3 times per week
(high). Low- and high-PSS groups were determined by a median split at a PSS score of 21. Pearson correlation
was used to evaluate the correlation between serum total cholesterol and HRV indices in the High-PSS group,
and the others were analyzed by Spearman correlation. Abbreviations: BAIL, Beck Anxiety Inventory; BDI, Beck
Depression-Inventory-II; BMI, body mass index; PSS, Perceived Stress Scale; HRV, heart rate variability; LE,
low frequency power; HE high frequency power; LF/HE, ratio of LF to HF; RMSSD, the root mean square of
successive heartbeat interval differences. *p < 0.05; **p < 0.01; ***p < 0.001.

low-PSS group, age, gender, body mass index (BMI), habitual physical activity, and serum metabolic parameters
were related to at least one index of HRV.

Association of NPY genotypes with HRV indices in the low- and high-stress groups. The rela-
tionships of HRV indices to NPY genotype in both the low- and high-PSS groups are presented in Fig. 1. In
the high-PSS group, three NPY genotypes differed in HF (F=4.56, p=0.011) and RMSSD (F =4.15, p=0.016).
Participants bearing the T/T genotype displayed increased HF (p =0.012) and RMSSD (p =0.016) compared
to C/C genotype carriers, but C/T heterozygous and T/T homozygous participants had similar HRV indices.
Furthermore, the NPY genotype had no effect on HRV measures in the low-PSS group.

Variables associated with HRV were used as covariates in ANCOVA models, with HRV indices as dependent
variables. After adjusting for relevant confounders, including age, gender, BAI, habitual physical activity levels,
and serum metabolic profiles, the aforementioned associations remained significant (Table 3).

Furthermore, using the SPSS macro PROCESS® to analyze the total sample (adjusting for age and gender),
NPY genotypes had a significant main effect on HF (B=10.10, SE=0.04, t =2.45, p=0.014) and a marginally
significant effect on RMSSD (B=0.04, SE=0.02, t=1.90, p=0.058), but PSS scores were not. The interaction
term (product of PSS scores and NPY genotypes), however, was a significant predictor of HF (B=0.01, SE=0.01,
t=2.12, p=10.034) and RMSSD (B=0.01, SE<0.01, t=2.03, p=0.042). Two copies of -399T allele were sig-
nificantly associated with greater HF at relatively higher PSS [(mean and +1 standard deviation (SD)] levels
(B=0.10, SE=0.04, t=2.15,p=0.014; B=0.19, SE=0.06, t =3.30, p =0.001, respectively). Similarly, the effects
were also found in RMSSD [(for mean: B=0.04, SE=0.02, t=1.90, p = 0.058 (marginally significant); for +1 SD:
B=0.08, SE=0.03, t=2.67, p=0.008)] (Fig. 2).

Discussion

The present study found that the functional NPY promoter polymorphism (rs16147) interacts with chronic stress
to influence autonomic control. Under high chronic stress, vagal activity is elevated (i.e., HF and RMSSD are sig-
nificantly higher) in T/T genotype carriers than C/C genotype carriers. However, NPY genotype does not affect
vagus-mediated HRV measures in subjects with chronic low level stress. After adjusting for relevant covariates,
the association of NPY with vagal indices of HRV remains significant. Furthermore, moderation analyses also
confirm the moderating role of PSS level on the association between NPY genotypes and HF and RMSSD. To our
knowledge, this is the first study to investigate the role of a functional NPY genetic polymorphism in human vagal
regulation during chronic psychological stress.

Evidence suggests that NPY may modulate ANS regulation of stress reactivity. Histological studies reveal
the presence of NPY receptors (Y1, Y2, Y4, and Y5) in neurons and satellite cells of parasympathetic ganglia®!.
Research in animals has demonstrated that NPY blunts elevations in blood pressure and HR following expo-
sure to social stress®?, and that NPY pretreatment can block chronic stress-induced baroreflex hypersensitivity>.
Furthermore, the synaptic release of acetylcholine, a critical neurotransmitter of the parasympathetic nervous
system, is reported to be affected by NPY under laboratory stress®*. Heritability studies have already demon-
strated that genetics contribute substantially to variance in vagus-mediated HRV?*. The findings of the present
study conducted in human volunteers complement those of previous studies and show that the functional NPY
genetic polymorphism plays a key role in stress regulation of autonomic vagal activity.

High levels of vagal tone have been considered a sign of autonomic flexibility, the capability of the parasympa-
thetic nervous system to generate adequate responses to environmental stress by modifying HR, respiration, and
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Figure 1. Unadjusted effects of the NPY genotype on indices of heart rate variability, stratified by PSS
score. LF, low frequency power; HEF, high frequency power; LF/HEF, ratio of LF to HF; RMSSD, the root mean
square of successive heartbeat interval differences. PSS, Perceived Stress Scale; Low- and high-PSS were
determined by a median split at PSS score 21. *p < 0.05.

LF 5.8740.06 5.85+0.07 596+0.13 | 0.73 | 6.0240.07 6.1140.06 6.2940.13 0.16
HF 5.38+0.06 5.38+0.06 536+0.12 | 0.81 | 5.4340.06 5.6140.06 5.8040.12 0.013 C/C<T/T*
LF/HF 0.50+0.06 0.46+0.07 0.5940.12 | 0.67 | 0.5940.06 0.5040.06 0.4840.12 0.49
RMSSD 3.4640.03 3.4340.03 3.4440.06 | 0.80 | 3.4640.03 3.5540.03 3.65+£0.06 | 0.020 | C/C<T/T*

Table 3. Adjusted means of heart rate variability (HRV) indices presented by NPY genotype and PSS score.
Data are presented as mean =+ standard error. “Low- and high-PSS groups were determined by a median split at
PSS score 21. "Bonferroni correction was applied to the post hoc testing. +Adjusted for the covariates listed in
Table 2 (variables associated with individual HRV indices were all entered as covariates in ANCOVA models
with the corresponding index as a dependent variable). Abbreviations: PSS, Perceived Stress Scale; LE, low
frequency power [In(ms?)]; HE high frequency power [In(ms?)]; LF/HF, ratio of LF to HF [In(ratio)]; RMSSD,
the root mean square of successive heartbeat interval differences [In(ms)]. *p < 0.05.

arousal>'. In contrast, decreases in vagal modulation may predict mismatches between environmental challenges
and cardiac (re)-activity, thus increasing vulnerability to stress-related cardiovascular diseases (CVDs) such as
angina pectoris, coronary heart disease, myocardial infarction, or congestive heart failure®>*”. Recent studies
have shown the involvement of NPY system polymorphisms in CVDs**’, for example, the involvement of the
rs16147 -399C allele in the development of early-onset atherosclerosis*®. Taken together, our findings showing
that reduced cardiac vagal control in chronically high stressed individuals with the C/C genotype of NPY may
suggest an underlying parasympathetic role for NPY gene in susceptibility to CVDs. Indeed, even in the present
healthy cohort, high chronically stressed subjects with the C/C genotype already exhibited faster HR and higher
SBP and DBP. A prospective study examining the impact of NPY variant-associated vagal decline on the incidence
of stress-related CVDs is warranted.

Two studies identified the C/C genotype of NPY rs16147 as a risk factor for stress-related psychopathology
including anxiety and depression***!, while another study failed to detect any effect of the NPY variant on anx-
iety or depression disorders*?. Thus, an analysis of HRV using quantitative indices of ANS function® to explain
the physiologic role of the studied NPY polymorphism under chronic high stress conditions may complement
analyses using conventional self-report questionnaire approaches, which often cannot effectively separate one
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Figure 2. Moderation effects of PSS on the associations between NPY genotypes and vagus-mediated HRV.
HE, high frequency power; RMSSD, the root mean square of successive heartbeat interval differences; SD:
standard deviation; PSS, Perceived Stress Scale.

phenotype from another*. Since reduced vagal activity is associated with anxiety and depression®*, and the
NPY system is implicated in stress-related psychiatric disorders'é, the results here raise the possibility that the
NPY C/C genotype with chronic stress-related low vagal activity increases the risk of developing stress-related
psychopathology in the long run.

Investigating stress responses at multiple phenotypic levels, including not only self-report psychological meas-
urements, but also measurements of ANS functions, could help to delineate the underlying mechanism of stress
resilience?®. As mentioned in the Introduction, higher levels of NPY and greater cardiac vagal control have both
been associated with resilience to stress. It is noteworthy that the -399C allele (rs16147) reduces expression of
NPY gene in vitro (i.e., decreases NPY mRNA levels by 30%)*. Therefore, the present result that, under chronic
high stress, cardiac vagal tone is higher in “high-expression” T/T genotype carriers than C/C genotype carriers
may suggest a potential parasympathetic pathway involving NPY in stress resilience. Furthermore, our finding
also helps to explain, at least partly, why people differ in their resilience to stress.

Lastly, several non-genetic confounders may have effects on the vagus-mediated HRV. Different methods of
data acquisition have often elicited inconsistent HRV results?’. Nonetheless, our study has carefully controlled
for confounding factors. The participants here were also all drug-free and had received medical health check-ups
and structured psychiatric evaluations to exclude illnesses. Moreover, as ethnic stratification of study samples
may reset population HRV patterns¥, all subjects in the current study were unrelated Han Chinese, and recruited
from a population pool in Taiwan that is known to be genetically homogeneous*. Thus, our study may precisely
exhibit the NPY gene’s effect on autonomic stress regulation, without ethnic stratification bias. Collectively, these
observations suggest that false-positive results are less likely.

Several limitations should be considered in the present study. The study only used cross-sectional data.
Therefore, the long-term influence of the NPY variant on autonomic stress regulation cannot be directly deduced.
In addition, the reliability of using 5-min HRV recordings should be a concern. However, short-term HRV
recordings have been shown to be reliable particularly in healthy individuals at rest*’. Another limitation is that
we did not control for the respiratory rate, which has been shown to influence parasympathetic measures of
HRV in clinical settings®. Fortunately, this may not have affected our results because differences in HF between
metronome-guided and spontaneous breathing are extremely small in healthy subjects®. Furthermore, only a
single NPY variant was investigated. Future work should consider other genetic variations and other promising
candidate genes, such as the serotonin transporter gene, to determine their additive and interactive effects. Our
study failed to provide the information concerning the menstrual cycles of our female participants inasmuch as
HRYV has been shown to fluctuate between phases of the female menstrual cycle®. The levels of NPY are mainly
determined by NPY gene expression, and the T/T (high expression) genotype may therefore have higher serum
NPY levels contributing to related phenotypes?. However, serum NPY levels were not measured in the present
study. Future studies analyzing not only NPY gene but also serum NPY levels may further strength understanding
of the relationship between NPY variation and vagal control. Lastly, unequal subgroup sample size with relatively
small numbers of the NPY T/T genotype carriers (n =64 and 58, respectively in the Low- and High-PSS groups)
may increase the type I error, even though the current sample composed of 1123 participants. Since this is the
first study to look at this matter, studies replicated in independent, larger cohorts are necessary to corroborate the
present results.

The current results provide initial evidence that the studied functional NPY polymorphism (rs16147) modu-
lates vagal outflow to the heart during high chronic stress, suggesting a potential parasympathetic role for NPY
gene in stress regulation. A follow-up study investigating the influence of the NPY polymorphism-associated
vagal decline on the development of stress-related psychopathology and CVDs is warranted.

Methods

Subjects. The study cohort was recruited from volunteers who received annual health examinations at the
Tri-Service General Hospital, a medical teaching hospital of the National Defense Medical Center in Taipei,
Taiwan. All participants were unrelated ethnic Han Chinese. After an initial questionnaire evaluation, those tak-
ing any medication for at least 1 month before the study or those with a personal history of psychiatric illnesses,
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illegal substance dependence, medical diseases, or pregnancy were excluded. In all, 1321 Han Chinese adults were
recruited. The demographic data collected included age, gender, BMI (kg/m?), weekly exercise level (0-2 times
per week/>3 times per week), and smoking status (yes/ no).

The study protocol was approved by the institutional review board of the Tri-Service General Hospital, which
adhered to the guidelines of the Declaration of Helsinki, and all participants provided informed consent before
the study.

Measurement of chronic psychological stress. Chronic stress was assessed using the Chinese version of
the PSS, which is a 14-item self-reported questionnaire that evaluates the degree to which individuals appraise their
lives as unpredictable, uncontrollable, or overloaded during the last month®2. Responses are rated on a frequency
scale of 0 (never) to 4 (almost always). Scores can be used to infer relative stress levels or make within-group
comparisons, with higher scores on the PSS indicating greater levels of psychological stress (range 0-56).
The PSS is one of the most frequently and widely used tools to measure chronic stress*. For the stratified analysis
conducted in this study, participants were divided based on a median split* (median = 21) into low stress (PSS
score < 21) and high stress (PSS score > 21) groups.

Assessment of psychiatric morbidity and anxiety and mood levels. The psychiatric morbid-
ity of each enrolled participant was evaluated by a senior research assistant using the Chinese version of the
Mini-International Neuropsychiatric Interview according to DSM-IV criteria®. Participants with psychiatric
disorders were excluded, whereas the rest were further evaluated to determine their depression and anxiety status.

The Chinese version of the BAI, a self-rated 21-item inventory, was used to assess the intensity of anxiety
over the past week®®. Each item’s score ranged from 0 ‘not at all’ to 3 ‘severe’ The total scores ranged from 0-63,
with higher scores indicating higher anxiety. The Chinese version of the Beck Depression Inventory-1I (BDI),
a 21-item questionnaire, was employed to assess the subjects’ self-reported levels of depression in the past two
weeks’. Each item’s score ranged from 0 to 3, with 3 representing the most severe level (total score range, 0-63).
Higher total score correlated with more severe depression. Both the Chinese BAI and BDI were highly valid and
reliable®>*”. Subjects with a higher than mild degree of anxiety (BAI > 15) or depression (BDI > 19) were also
excluded.

Measurement of medical conditions. Participants all received health check-ups, which included physical
examination, biochemical analysis, and chest X-ray and ECG examinations. SBP and DBP were measured. Fasting
plasma glucose, serum triglyceride, and total cholesterol levels were determined as described elsewhere®®.

Subjects with cardiovascular diseases (e.g., arrhythmia and hypertension), metabolic disorders (e.g., hyper-
triglyceridemia, hypercholesterolemia, and diabetes mellitus), kidney or liver diseases, malignancy, neuropathy,
or obesity (BMI > 30kg/m?) were excluded. The final study sample had 1123 healthy participants (541 men, 582
women; mean age: 38.31 +10.34).

Assessment of heart rate variability. HRV was measured using an ECG analyzer (SA-3000P; Medicore
Co., Ltd., Seoul, Korea) that acquired, stored, and processed ECG signals®. All of the subjects were examined in
a quiet and temperature-controlled (22-24 °C) room after receiving psychometric evaluation. ECG monitoring
was done in the morning (08:00-12:00 a.m.) to accommodate diurnal variations. After 15 min of sitting at rest,
each participant underwent ECG recording in a sitting position for 5 min. The average HR (beats per minute) was
derived from the R waves of the ECG.

Using time-domain and frequency-domain analyses®, the system analyzed changes in HR automatically. The
time-domain index (RMSSD) reflected cardiac vagal activity. Power spectral analysis of changes in HR, using the
fast-Fourier transformation, was then quantified into standard frequency-domain measurements, including LF
(0.04-0.15Hz), HF (0.15-0.4 Hz), and LF/HF°. The HF represented parasympathetic control of the HRV, whereas
LF represented both vagal and sympathetic control of the HRV. The LF/HF ratio was considered by some investi-
gators to reflect global sympathovagal balance or sympathetic modulation®. All the indices were logarithmically
transformed to produce normalized distributions.

SNP genotyping. Blood sampling was all performed one hour before the examination of HRV. For gen-
otyping, DNA was isolated from blood samples using a QIAamp® DNA blood kit and protocol based on the
manufacturer’s instructions (Qiagen®, Valencia, CA). The quality of isolated genomic DNA was evaluated for
each sample by agarose gel electrophoresis, while the quantity of DNA was measured by spectrophotometry
(NanoDrop®, Wilmington, DE, USA). The studied NPY rs16147 (C-399T) polymorphism was genotyped by the
TaqMan® 5-exonuclease assay as described previously*! using a Prism 7900 system (Applied Biosystems® Foster
City, CA, USA).

Statistical analysis. The allele and genotype frequencies of the NPY gene in participants stratified by PSS
category were calculated and genotypic distribution was compared to values predicted from Hardy-Weinberg
equilibrium. The x? Tests were used to compare categorical variables, and the ANOVA was used for continuous
variables among the NPY genotype groups.

To control the non-genetic confounders, the associations between HRV indices and demographic/clinical var-
iables (e.g., age, gender, cigarette smoking, and serum metabolic measurements) were tested. The Pearson correla-
tion was used to test relationships between variables with normal distribution, whereas the Spearman correlation
was used for variables with non-normal distribution. Variables correlated with HRV were then used as covariates
in separate ANCOVA models evaluating the effects of genotype on each of the HRV indices. Bonferroni correc-
tion was applied to the post hoc testing. Additionally, we further analyzed the whole sample, controlling for age
and sex, by using the SPSS macro PROCESS® to test whether PSS scores did moderate the relationship between
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NPY genotypes and HRV indices. A p value < 0.05 (two-tailed) was considered statistically significant. All statis-
tical analyses were done through IBM SPSS Statistics, Version 19.0.

Quanto software version 1.2.4%! was used for the power calculations. Both the high- and low-PSS cohorts

(n=522 and 601, respectively) had powers of 99.9% for determining a proportion of variance, R>=0.05, in HRV
indices explained by NPY effects.

References

1.
2.
3.

4.

11.
12.
13.

14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

26.
27.

28.
29.

30.
31

32.
33.

34.
. Singh, J. P,, Larson, M. G., O’Donnell, C. J. & Levy, D. Genetic factors contribute to the variance in frequency domain measures of

36.
37.
38.
39.

40.

Cohen, S., Janicki-Deverts, D. & Miller, G. E. Psychological stress and disease. Jama. 298, 1685-1687 (2007).

Franklin, T. B., Saab, B. J. & Mansuy, I. M. Neural mechanisms of stress resilience and vulnerability. Neuron. 75, 747-761 (2012).
Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology. Heart rate
variability: standards of measurement, physiological interpretation and clinical use. Circulation. 93, 1043-1065 (1996).

Thayer, J. F, Hansen, A. L., Saus-Rose, E. & Johnsen, B. H. Heart rate variability, prefrontal neural function, and cognitive
performance: the neurovisceral integration perspective on self-regulation, adaptation, and health. Ann Behav Med. 37, 141-153
(2009).

. Porges, S. W. The polyvagal perspective. Biol Psychol. 74, 116-143 (2007).
. Kemp, A. H. & Quintana, D. S. The relationship between mental and physical health: insights from the study of heart rate variability.

Int ] Psychophysiol. 89, 288-296 (2013).

. McLaughlin, K. A., Alves, S. & Sheridan, M. A. Vagal regulation and internalizing psychopathology among adolescents exposed to

childhood adversity. Dev Psychobiol. 56, 1036-1051 (2014).

. Kogan, A.V,, Allen, J. J. & Weihs, K. L. Cardiac vagal control as a prospective predictor of anxiety in women diagnosed with breast

cancer. Biol Psychol. 90, 105-111 (2012).

. Souza, G. G. et al. Resilience and vagal tone predict cardiac recovery from acute social stress. Stress. 10, 368-374 (2007).
. Lane, J. D., Adcock, R. A. & Burnett, R. E. Respiratory sinus arrhythmia and cardiovascular responses to stress. Psychophysiology. 29,

461-470 (1992).

McLaughlin, K. A., Rith-Najarian, L., Dirks, M. A. & Sheridan, M. A. Low vagal tone magnifies the association between psychosocial
stress exposure and internalizing psychopathology in adolescents. ] Clin Child Adolesc Psychol. 44, 314-328 (2015).

Weber, C. S. et al. Low vagal tone is associated with impaired post stress recovery of cardiovascular, endocrine, and immune
markers. Eur ] Appl Physiol. 109, 201-211 (2010).

Smeets, T. Autonomic and hypothalamic-pituitary-adrenal stress resilience: Impact of cardiac vagal tone. Biol Psychol. 84, 290-295
(2010).

Porges, S. W. Vagal tone: a physiologic marker of stress vulnerability. Pediatrics. 90, 498-504 (1992).

Thorsell, A., Carlsson, K., Ekman, R. & Heilig, M. Behavioral and endocrine adaptation, and up-regulation of NPY expression in rat
amygdala following repeated restraint stress. Neuroreport. 10, 3003-3007 (1999).

Enman, N. M., Sabban, E. L., McGonigle, P. & Van Bockstaele, E. J. Targeting the Neuropeptide Y System in Stress-related Psychiatric
Disorders. Neurobiol Stress. 1, 33-43 (2015).

Kask, A. et al. The neurocircuitry and receptor subtypes mediating anxiolytic-like effects of neuropeptide Y. Neurosci Biobehav Rev.
26, 259-283 (2002).

Christiansen, S. H., Olesen, M. V., Gotzsche, C. R. & Woldbye, D. P. Anxiolytic-like effects after vector-mediated overexpression of
neuropeptide Y in the amygdala and hippocampus of mice. Neuropeptides. 48, 335-344 (2014).

Stogner, K. A. & Holmes, P. V. Neuropeptide-Y exerts antidepressant-like effects in the forced swim test in rats. Eur ] Pharmacol. 387,
R9-10 (2000).

Redrobe, J. P., Dumont, Y., Fournier, A. & Quirion, R. The neuropeptide Y (NPY) Y1 receptor subtype mediates NPY-induced
antidepressant-like activity in the mouse forced swimming test. Neuropsychopharmacology. 26, 615-624 (2002).

Morgan, C. A. 3rd et al. Plasma neuropeptide-Y concentrations in humans exposed to military survival training. Biol Psychiatry. 47,
902-909 (2000).

Morgan, C. A. 3rd et al. Relationship among plasma cortisol, catecholamines, neuropeptide Y, and human performance during
exposure to uncontrollable stress. Psychosom Med. 63, 412-422 (2001).

Morgan, C. A. 3rd et al. Neuropeptide-Y, cortisol, and subjective distress in humans exposed to acute stress: replication and
extension of previous report. Biol Psychiatry. 52, 136-142 (2002).

Herring, N., Lokale, M. N., Danson, E. J., Heaton, D. A. & Paterson, D. J. Neuropeptide Y reduces acetylcholine release and vagal
bradycardia via a Y2 receptor-mediated, protein kinase C-dependent pathway. ] Mol Cell Cardiol. 44, 477-485 (2008).
Smith-White, M. A,, lismaa, T. P. & Potter, E. K. Galanin and neuropeptide Y reduce cholinergic transmission in the heart of the
anaesthetised mouse. Br ] Pharmacol. 140, 170-178 (2003).

Zhou, Z. et al. Genetic variation in human NPY expression affects stress response and emotion. Nature. 452, 997-1001 (2008).
Domschke, K. ef al. Neuropeptide Y (NPY) gene: Impact on emotional processing and treatment response in anxious depression.
Eur Neuropsychopharmacol. 20, 301-309 (2010).

Amstadter, A. B. et al. NPY moderates the relation between hurricane exposure and generalized anxiety disorder in an epidemiologic
sample of hurricane-exposed adults. Depress Anxiety. 27, 270-275 (2010).

Cohen, H., Matar, M. A., Kaplan, Z. & Kotler, M. Power spectral analysis of heart rate variability in psychiatry. Psychother Psychosom.
68, 59-66 (1999).

Hayes, A. F. An Index and Test of Linear Moderated Mediation. Multivariate Behav Res. 50, 1-22 (2015).

Mahaut, S., Dumont, Y., Fournier, A., Quirion, R. & Moyse, E. Neuropeptide Y receptor subtypes in the dorsal vagal complex under
acute feeding adaptation in the adult rat. Neuropeptides. 44, 77-86 (2010).

Klemfuss, H., Southerland, S. & Britton, K. T. Cardiovascular actions of neuropeptide Y and social stress. Peptides. 19, 85-92 (1998).
Xie, E. et al. Neuropeptide Y reverses chronic stress-induced baroreflex hypersensitivity in rats. Cell Physiol Biochem. 29, 463-474
(2012).

Herring, N. Autonomic control of the heart: going beyond the classical neurotransmitters. Exp Physiol. 100, 354-358 (2015).

heart rate variability. Auton Neurosci. 90, 122-126 (2001).

Tsuji, H. et al. Impact of reduced heart rate variability on risk for cardiac events. The Framingham Heart Study. Circulation. 94,
2850-2855 (1996).

Ponikowski, P. et al. Depressed heart rate variability as an independent predictor of death in chronic congestive heart failure
secondary to ischemic or idiopathic dilated cardiomyopathy. Am J Cardiol. 79, 1645-1650 (1997).

Niskanen, L. et al. Leucine 7 to proline 7 polymorphism in the neuropeptide Y gene is associated with enhanced carotid
atherosclerosis in elderly patients with type 2 diabetes and control subjects. ] Clin Endocrinol Metab. 85, 2266-2269 (2000).
Bhaskar, L. V. et al. Neuropeptide Y gene functional polymorphism influences susceptibility to hypertension in Indian population.
] Hum Hypertens. 24, 617-622 (2010).

Shah, S. H. et al. Neuropeptide Y gene polymorphisms confer risk of early-onset atherosclerosis. PLoS Genet. 5, 1000318 (2009).

SCIENTIFICREPORTS | 6:31683 | DOI: 10.1038/srep31683 7



www.nature.com/scientificreports/

41. Sommer, W. H. et al. Human NPY promoter variation rs16147:T>C as a moderator of prefrontal NPY gene expression and negative
affect. Hum Mutat. 31, E1594-E1608 (2010).

42. Lindberg, C. et al. No association between the -399 C>T polymorphism of the neuropeptide Y gene and schizophrenia, unipolar
depression or panic disorder in a Danish population. Acta Psychiatr Scand. 113, 54-58 (2006).

43. Singh, J. P. et al. Heritability of heart rate variability: the Framingham Heart Study. Circulation. 99, 2251-2254 (1999).

44. Yang, A. C. et al. BDNF Val66Met polymorphism alters sympathovagal balance in healthy subjects. Am ] Med Genet B Neuropsychiatr
Genet. 153B, 1024-1030 (2010).

45. Cohen, H. & Benjamin, J. Power spectrum analysis and cardiovascular morbidity in anxiety disorders. Auton Neurosci. 128, 1-8
(2006).

46. Feder, A., Nestler, E. J. & Charney, D. S. Psychobiology and molecular genetics of resilience. Nat Rev Neurosci. 10, 446-457 (2009).

47. Martin, L. A. et al. Ethnicity and Type D personality as predictors of heart rate variability. Int ] Psychophysiol. 76, 118-121 (2010).

48. Chang, H. A. et al. Major depression is associated with cardiac autonomic dysregulation. Acta Neuropsych. 24, 318-327 (2012).

49. Sandercock, G. R., Bromley, P. D. & Brodie, D. A. The reliability of short-term measurements of heart rate variability. Int ] Cardiol.
103, 238-247 (2005).

50. Bloomfield, D. M. et al. Comparison of spontaneous vs. metronome-guided breathing on assessment of vagal modulation using RR
variability. Am J Physiol Heart Circ Physiol. 280, H1145-H1150 (2001).

51. Sato, N., Miyake, S., Akatsu, J. & Kumashiro, M. Power spectral analysis of heart rate variability in healthy young women during the
normal menstrual cycle. Psychosom Med. 57, 331-335 (1995).

52. Chu, L. C. & Kao, H. S. R. The moderation and meditation experience and emotional intelligence on the relationship between
perceived stress and negative mental health. Chinese ] Psychol. 47, 157-179 (2005).

53. Cohen, S., Kamarck, T. & Mermelstein, R. A global measure of perceived stress. ] Health Soc Behav. 24, 385-396 (1983).

54. Pizzagalli, D. A., Bogdan, R., Ratner, K. G. & Jahn, A. L. Increased perceived stress is associated with blunted hedonic capacity:
potential implications for depression research. Behav Res Ther. 45, 2742-2753 (2007).

55. Sheehan, D. V. et al. The Mini-International Neuropsychiatric Interview (M.LN.L): the development and validation of a structured
diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry. 59, 22-33 (1998).

56. Lin, Y. J. Manual for the Beck Anxiety Inventory. Chinese Behavioral Science Corporation, Taipei, Taiwan (2000).

57. Chen, H. Y. Guidebook of Beck depression inventory-II-Chinese version. Chinese Behavioral Science Corporation, Taipei, Taiwan
(2000).

58. Chang, C. C,, Fang, W. H., Chang, H. A., Chen, T. Y. & Huang, S. Y. Sex-specific association between nerve growth factor
polymorphism and cardiac vagal modulation. Psychosom Med. 76, 638-643 (2014).

59. Chang, C. C,, Chang, H. A, Chen, T. Y., Fang, W. H. & Huang, S. Y. Brain-derived neurotrophic factor (BDNF) Val66Met
polymorphism affects sympathetic tone in a gender-specific way. Psychoneuroendocrinology. 47, 17-25 (2014).

60. Chang, C. C., Fang, W. H., Chang, H. A. & Huang, S. Y. Functional Ser205Leu polymorphism of the nerve growth factor receptor
(NGFR) gene is associated with vagal autonomic dysregulation in humans. Sci Rep. 5, 13136 (2015).

61. Gauderman, W. J. & Morrison, J. M. QUANTO 1.1: A computer program for power and sample size calculations for genetic-
epidemiology studies. http://biostats.usc.edu/software (2006).

Acknowledgements
This study was supported in part by grants MAB-104-074 from the National Defense Medical Center, Taipei,
Taiwan and TSGH-C103-130 from the Tri-Service General Hospital, Taipei, Taiwan.

Author Contributions

H.-A.C,, W.-H.E, S.-Y.H. and C.-C.C. designed the study. H.-A.C., W.-H.F. and C.-C.C. acquired and analyzed
the data. H.-A.C,, T.-C.C. and C.-C.C. drafted the manuscript. C.-C.C. supervised this study and edited the
manuscript. All of the authors carefully reviewed the manuscript and gave final permission for its publication.

Additional Information
Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Chang, H.-A. et al. Association of neuropeptide Y promoter polymorphism (rs16147)
with perceived stress and cardiac vagal outflow in humans. Sci. Rep. 6, 31683; doi: 10.1038/srep31683 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

Sl or other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

© The Author(s) 2016

SCIENTIFICREPORTS | 6:31683 | DOI: 10.1038/srep31683 8


http://biostats.usc.edu/software
http://creativecommons.org/licenses/by/4.0/

	Association of neuropeptide Y promoter polymorphism (rs16147) with perceived stress and cardiac vagal outflow in humans

	Results

	Sample characteristics in NPY genotype subgroups of low- and high-stress participants. 
	Non-genetic factors associated with HRV indices, stratified by PSS score. 
	Association of NPY genotypes with HRV indices in the low- and high-stress groups. 

	Discussion

	Methods

	Subjects. 
	Measurement of chronic psychological stress. 
	Assessment of psychiatric morbidity and anxiety and mood levels. 
	Measurement of medical conditions. 
	Assessment of heart rate variability. 
	SNP genotyping. 
	Statistical analysis. 

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Unadjusted effects of the NPY genotype on indices of heart rate variability, stratified by PSS score.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ Moderation effects of PSS on the associations between NPY genotypes and vagus-mediated HRV.
	﻿Table 1﻿﻿. ﻿  Demographic data and clinical characteristics of participants stratified by NPY genotype and stress level.
	﻿Table 2﻿﻿. ﻿  Non-genetic potential confounding factors associated with HRV indices among participants stratified by PSS score.
	﻿Table 3﻿﻿. ﻿  Adjusted means of heart rate variability (HRV) indices presented by NPY genotype and PSS score.



 
    
       
          application/pdf
          
             
                Association of neuropeptide Y promoter polymorphism (rs16147) with perceived stress and cardiac vagal outflow in humans
            
         
          
             
                srep ,  (2016). doi:10.1038/srep31683
            
         
          
             
                Hsin-An Chang
                Wen-Hui Fang
                Tieh-Ching  Chang
                San-Yuan Huang
                Chuan-Chia Chang
            
         
          doi:10.1038/srep31683
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep31683
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep31683
            
         
      
       
          
          
          
             
                doi:10.1038/srep31683
            
         
          
             
                srep ,  (2016). doi:10.1038/srep31683
            
         
          
          
      
       
       
          True
      
   




