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Background: Sympathetic activation is a primary mechanism mediating increased blood
pressure (BP) in obstructive sleep apnea (OSA). However, the relationships between over-
weight/obesity, sympathetic activation and BP in OSA are not well understood. We hypothe-
sized that increased sympathetic drive is associated with increased BP in normal weight, but
not in overweight/obese males with OSA. We therefore examined the effects of body mass
index (BMI) on the association between sympathetic activation and BP in males with OSA.
Methods: We studied 115 males with OSA recruited consecutively from clinic. Twenty-four-
hour urinary norepinephrine was used to assess sympathetic activation. Blood pressure was
measured both in the evening and in the morning. Hypertension was defined based on either
BP measurements or an existing diagnosis. Linear and logistic regressions were conducted to
examine the associations between sympathetic activation and both BP and risk of hypertension.
Results: We found 24-hour urinary norepinephrine levels were associated with systolic and
diastolic BP (SBP, p=0.157, p=0.082; DBP, =0.212, p=0.023) and mean arterial pressure
(MAP, B=0.198, p=0.032) after adjusting for confounders. Interestingly, these associations
were modified by overweight/obesity. After adjusting for confounders, increased 24-hour
urinary norepinephrine levels were significantly associated with elevated SBP (B=0.454,
p=0.012), DBP (B=0.399, p=0.041), and MAP (p=0.432, p=0.023) in normal weight, but
not in overweight/obese patients (all p>0.2). Similar findings were observed in the associa-
tions between 24-hour urinary norepinephrine levels and hypertension.

Conclusion: Sympathetic activation is associated with elevated BP in normal weight but not
in overweight/obese males with OSA, suggesting that BMI may moderate the association
between sympathetic activation and BP in males with OSA.

Keywords: obesity, overweight, sympathetic activation, blood pressure, hypertension,
obstructive sleep apnea

Introduction
Obstructive sleep apnea (OSA) is highly prevalent in the general population,
affecting approximately 20-30% of males and 10—15% of females.' The association
of OSA with cardiovascular comorbidities, such as hypertension, is well estab-
lished. Approximately 50% of patients with OSA are hypertensive’ and a dose—
response relationship between OSA severity and the prevalence of hypertension has
been observed.”

Sympathetic activation, independent of obesity,* has been reported as the
primary mechanisms for acute increases in blood pressure in patients with
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OSA.’ Increased sympathetic outflow, measured as mus-
cle sympathetic nerve activity (MSNA) and urinary and
plasma catecholamines, may also contribute importantly
to longer term increases in blood pressure. Increases in
both nocturnal (apneic)’ and diurnal (non-apneic) sym-
pathetic activity® are evident in patients with OSA.
Acute sympathetic activation during apneic sleep leads
to blood pressure surges at the end of apneic events® and
chronic persistent sympathetic activation during nor-
moxic wakefulness is accompanied by sustained
in likelihood of

Conversely, heightened nocturnal and

increases in blood pressure and
hypertension.®
diurnal sympathetic activation, as well as increased
blood pressure, were attenuated by treatment of OSA
using nasal continuous
(CPAP).”

Obesity and sympathetic activation are closely linked and

positive airway pressure

both conditions are associated with increased risk for
hypertension.>>”® However, previous findings have sug-
gested that sympathetic activity differs in normal weight and
obese essential hypertension patients.””'” In normal weight
essential hypertension, the total spillover of norepinephrine to
plasma is increased and higher than in obesity hypertension.”’
Furthermore, it has been reported that body mass index (BMI)
moderated the association between urinary norepinephrine
and blood pressure in women without OSA."" Weber et al
reported that the cardiovascular characteristics of lean hyper-
tensive patients were more dependent on catecholamines com-
pared to obese patients.'® Taken together, it appears that obese
hypertensive patients might be spared the toxic effects of
OSA and obesity are highly
associated' and sympathetic activation has been proposed as

sympathetic activation.

an underlying mechanism for hypertension in OSA.’
However, whether heightened sympathetic activity has more
striking pressor consequences in normal weight versus over-
weight/obese patients with OSA remains unknown.

We therefore sought to examine the effects of BMI on
the association between sympathetic activation and blood
pressure in males with OSA. Specifically, we hypothesized
that increased sympathetic drive is associated with
increased blood pressure in normal weight, but not in
overweight/obese males with OSA.

Materials and Methods

Subjects
We studied 115 male adults (age>18 years) who had
a diagnosis of OSA. The subjects were consecutively

recruited from the Sleep Disorders Clinic. All subjects
were interviewed following a comprehensive question-
naire, which provided a history of sleep complaints, gen-
eral health, and medication use. Obstructive sleep apnea
was defined as an apnea-hypopnea index (AHI) >5 events/
hour based on an overnight polysomnography (PSG)
recording.'? Exclusion criteria included a history of type
2 diabetes mellitus, coronary artery disease, other sleep
disorders (ie, insomnia, narcolepsy, periodic limb move-
ment disorder, and circadian disorder), and/or psychiatric
disorders (ie, major depression, panic disorder, generalized
anxiety disorder or substance abuse), and use of medica-
tions or supplements that may affect sympathetic activity
(ie, steroids, serotonin-norepinephrine reuptake inhibitors
and amphetamines, etc.). Patients were also excluded if
they had previously received treatment of OSA such as
CPAP and oral appliances. Because this study did not
involve any potential harmful examination or intervention,
a verbal informed consent was conducted instead of in
a written form. Prior to the enrollment, a verbal informed
consent was obtained from each participant and the infor-
mation was documented in each patient’s medical record
by researchers. The study and verbal informed consent
were approved by the Institutional Review Board of
Shantou University Mental Health Center (SUMHC
20190604). This study complied with the Declaration of
Helsinki.

Power calculation revealed that with a sample size of
29 normal weight and 86 overweight/obese patients, there
was 72% statistical power to reject the null hypothesis and
detect a significant difference of regression coefficients of
24-hour urinary norepinephrine on blood pressure between
normal weight and overweight/obese patients with alpha
set at 0.05 (PASS 15.0.5, NCSS, Kaysville, Utah).

Sleep Laboratory

All potential participants were evaluated for an overnight
PSG in the sleep laboratory in sound-attenuated, light- and
temperature-controlled rooms. During this evaluation, sub-
jects were allowed to sleep ad libitum based on their
habitual sleep time, with the recording time ranging from
22:00-23:00 to 6:00-7:00. Subjects were continuously
monitored with 16-channel polygraphs, including the elec-
troencephalogram, electrooculogram, electromyogram,
and electrocardiogram. All polysomnography measures
were analyzed and scored according to the international
criteria of the American Academy of Sleep Medicine."

Mild, moderate and severe OSAs were defined based on
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AHI=5-14.9/hour, 15-29.9/hour and >30/hour,
respectively.'? Body mass index was calculated as weight
(kg) divided by the square of height (m), which were
measured by a nurse as part of the physical examination.
Overweight/obesity was defined as BMI>25 kg/m® and
normal weight was defined as BMI=18.5-24.9 kg/m>.'*
Epworth Sleepiness Scale (ESS) was used to assess day-
time sleepiness.'”

Twenty-Four-Hour Urinary

Norepinephrine

Twenty-four-hour urinary norepinephrine was used to
assess sympathetic activity. From 3 days prior to urine
collection till its completion, participants were instructed
to avoid vigorous exercise, smoking and certain foods (ie,
coffee, tea, chocolate, bananas) which could affect norepi-
nephrine levels. On the day of PSG recording, participants
were asked to collect complete 24-hour urine specimens.
Urine samples were collected in polyethylene bottles con-
taining 25 mL of 0.6 mol/L hydrochloric acid. After the
total volume of 24-hour urine collection was measured, 20-
mL aliquots were frozen at —80°C until being assayed.
Urine volume and creatinine were measured to confirm
the completeness of each collection. To exclude demon-
strable inaccuracy of norepinephrine measures, samples
were excluded if their 24-hour urine volume was
<400 mL. Urinary norepinephrine was measured by
radioimmunoassay.'® Higher levels of 24-hour urinary nor-
epinephrine indicate higher levels of sympathetic activity
during a 24-hour period. The sensitivity for 24-hour urinary
norepinephrine was +1.1 ug.

Blood Pressure Measurement

Blood pressure was measured at 2 time points: in the
evening prior to the PSG recording (20:00 to 21:00) and
in the morning right after the end of PSG recording (6:00
to 7:00). After at least 10 minutes of rest in the supine
position, blood pressure was recorded as the average of 3
consecutive readings during a 5-minute period. An elec-
tronic sphygmomanometer (Omron, HEM-7136) with the
accuracy of £3 mm Hg, which was checked against
a mercury sphygmomanometer at least once a month,
was used for blood pressure measurements. Mean arterial
pressure (MAP) was calculated as (systolic blood pressure
[SBP] + 2* diastolic blood pressure [DBP])/3.!” The mean
values of SBP, DBP, and MAP were calculated as (evening
BP values + morning BP values)/2 and were used for

statistical analyses. Hypertension was defined as: 1) the
mean value of evening and morning DBP >90 mm Hg or
the mean value of evening and morning SBP >140 mm
Hg,'® or 2) a self-report of history of a hypertension diag-
nosis by a physician or using antihypertensive medication.

Statistical Analysis

Data are presented as the meantstandard deviation for
continuous variables and percentage for categorical vari-
ables. Bivariate comparisons between groups were per-
formed using independent #-test or Mann—Whitney U-test
for normally and non-normally distributed continuous
variables, respectively, or using y* test for categorical
variables.

In order to examine the association between 24-hour
urinary norepinephrine and blood pressure, we conducted 3
linear regression models with 24-hour urinary norepinephr-
ine values as predictors and mean values of SBP, DBP and
MAP at evening and morning as outcomes, respectively.
Given that there are clear associations between blood pres-
sures and age, overweight/obesity, and use of antihyperten-
sive medications, age, overweight/obesity, and use of
antihypertensive medications were always entered in the
models as covariates using a forced entry method, while
other relevant demographic, nighttime sleep and daytime
sleepiness covariates (p-value of the comparison between
subjects with and without hypertension <0.1, Table 1) were
entered using a backward conditional method. As the sever-
ity of OSA may affect the association between 24-hour
urinary norepinephrine levels and blood pressure, we further
adjusted for AHI as sensitivity analyses. Due to the strong
correlation between AHI and minimum oxygen saturation
(min Sa0,, =—0.604, p<0.001), we did not include AHI and
min Sa0, in regression models simultaneously. Thus, we first
adjusted min Sa0O, and then conducted sensitivity analyses
with AHI as a covariate in regression models to control for
the severity of OSA. To assess the potential BMI effects on
the association between 24-hour norepinephrine levels and
blood pressure in OSA, we further conducted linear regres-
sion models to examine these associations in normal weight
(BMI<25 kg/mz) and overweight/obese patients with OSA
(BMI>25 kg/m?) after adjusting for potential confounders,
respectively. Logistic regression models with 24-hour urin-
ary norepinephrine levels as predictors and hypertension as
outcome were provided as secondary analyses to examine
BMI effects on the association between 24-hour urinary
norepinephrine levels and hypertension in normal weight
and overweight/obese patients with OSA, respectively.
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Similar to linear regression models, age was always entered
in these models as a covariate using a forced entry method,
while other relevant demographic, nighttime sleep and day-
time sleepiness covariates (p-value of the comparison
between subjects with and without hypertension <0.1,
Table 1) were entered in the models using a backward con-
ditional method. Furthermore, binary correlation analyses
were conducted to examine the correlations between 24-
hour urinary norepinephrine levels and sleep parameters,
including sleep onset latency, total sleep time, sleep effi-
ciency, wake time after sleep onset, percentages of non-
rapid eye movement (NREM) sleep stage 1, stage 2, stage
3, and rapid eye movement (REM) sleep, AHI, and min
Sa0,. The level of p<0.05 was used to determine statistical
significance. All analyses were conducted using SPSS 23.0
(IBM Corp., Armonk, NY).

Results

A total of 115 male patients with OSA with a mean age of
43.72 + 8.80 years (range: 21 to 64) and mean BMI of
27.32 + 3.06 kg/m? (range: 18.52 to 36.23) were included.
Twenty-nine patients were normal-weight and 86 patients
were overweight/obese. Of these, 7 patients had mild, 16
patients had moderate, and 94 patients had severe OSA,
respectively. Demographic, clinical, sleep, and 24-hour
urinary norepinephrine measures of the whole study sam-
ple, as well as the overweight/obese and hypertension
subgroups, are presented in Table 1.

In linear regression models, increased levels of 24-hour
urinary norepinephrine were significantly associated with
higher DBP ($=0.212, p=0.023) and MAP (B=0.198,
p=0.032) after adjusting for age, antihypertensive medication
use, overweight/obesity, min Sa0O,, percentage of NREM

Table | Demographic, Clinical and Sleep Characteristics of Study Sample

Overall Normal- Overweight/ p No Hypertension | p
N=I115 Weight N=29 | Obesity N=86 Hypertension N=66
N=49

Age (year) 43.72+8.80 43.38+8.89 43.84+8.82 0.810 41.79+£7.96 46.33+9.29 0.006
BMI (kg/m?) 27.32+3.06 23.46+1.36 28.62+2.26 <0.001 | 27.27+3.22 27.38+2.84 0.845
SBP (mm Hg) 126.39+15.27 124.23£17.68 127.11£14.40 0.560 117.889.12 138.10£14.27 <0.001
DBP (mm Hg) 84.10+11.74 81.17£13.21 85.10£11.10 0.130 77.83+7.01 92.72+11.50 <0.001
MAP (mm Hg) 98.20+12.44 95.55%14.32 99.10%11.69 0.221 91.18+7.13 107.85+11.74 <0.001
NM-SBP (mm Hg) * 124.47+13.93 122.29+16.74 125.22+12.87 0.618 117.889.12 140.02£10.53 <0.001
NM-DBP (mm Hg) * 83.28+11.09 79.96x11.94 84.42+10.64 0.163 77.83+7.01 96.13+8.87 <0.001
NM-MAP (mm Hg) * 91.01£11.6l 94.07+13.16 98.02+10.95 0.261 91.18+7.13 110.76%7.92 <0.001
Hypertension (n, %) 66 (57.3) 16 (55.2) 50 (58.1) 0.780 0 (0) 66 (100) <0.001
Smoke (n, %) 64 (55.7) 18 (62.1) 46 (53.5) 0.421 28 (57.1) 36 (54.5) 0.782
Sleep onset latency (min) 12.56+14.38 12.95£10.51 12.43+15.52 0.146 12.81+15.60 12.22+12.72 0.830
Total sleep time (min) 436.48161.62 425.10+£51.68 440.32+64.44 0.252 439.17+£57.07 432.86167.70 0.589
Sleep efficiency (%) 85.26+9.84 82.81+8.15 86.09£10.25 0.017 85.67+8.97 84.72£10.97 0.611
NREM sleep stage | (%) 44.14£21.09 42.87+19.70 44.57+21.64 0.807 | 41.94£20.73 47.11%21.63 0.209
NREM sleep stage 2 (%) 35.18+17.26 36.37+16.54 34.78+17.57 0.668 37.69+17.36 31.79+16.70 0.054
NREM sleep stage 3 (%) 5.33+£5.70 5.69+5.51 5.21+5.80 0.624 5.50+5.79 5.11£5.63 0.582
REM sleep (%) 15.34%6.13 15.05+5.99 15.44+6.20 0.770 14.8616.01 15.98+6.29 0.568
Wiake time after sleep 63.29+48.96 75.53+40.86 59.16+50.96 0.016 61.32+46.69 65.94+52.24 0.619
onset (min)
AHI (event/hour) 56.82+23.93 48.71%23.35 59.56+23.64 0.019 55.29+24.09 58.88+23.81 0.428
Minimum SaO, (%) 63.00£18.66 68.10£19.61 61.28+18.13 0.025 66.47+15.32 58.33+21.69 0.077
ESS scores 9.72+5.42 7.31£4.90 10.53+5.37 0.007 8.76+5.05 11.02+5.67 0.026
24-hour urinary 50.02+26.24 43.77+28.99 52.13+25.08 0.024 46.46122.20 54.81+30.45 0.127
norepinephrine (ug/day)

Notes: Data are presented as mean #standard deviation for continuous variables, and sample size (percentage) for categorical variables. *There are 94 subjects not on
antihypertensive medication, including 70 normal-weight and 24 overweight/obese patients, and 66 non-hypertensive and 28 hypertensive patients. Overweight/obesity was

defined as a body mass index=25 kg/m>.

Abbreviations: AHI, apnea hypopnea index; BMI, body mass index; DBP, diastolic blood pressure; ESS, Epworth Sleepiness Scale; MAP, mean arterial pressure; NM-DBP,
diastolic blood pressure in subjects not on antihypertensive medication; NM-SBP, systolic blood pressure in subjects not on antihypertensive medication; NM-MAP, mean
arterial pressure in subjects not on antihypertensive medication; NREM, non-rapid eye movement; REM, rapid eye movement; SaO,, oxygen saturation; SBP, systolic blood

pressure.
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sleep stage 2 and total scores of ESS (Table 2). The association
between 24-hour urinary norepinephrine and SBP was mar-
ginally significant (f=0.157, p=0.082, Table 2). Sensitivity
analyses showed that findings were similar and in the same
direction after adjusting AHI instead of min SaO,.

We further examined the effects of BMI on the asso-
ciation between 24-hour urinary norepinephrine and
blood pressure. Interestingly, we found that the associa-
tion between 24-hour urinary norepinephrine and blood
modified by
Interactions between 24-hour urinary norepinephrine

pressure  was overweight/obesity.
and overweight/obesity on SBP (interaction-p=0.009)
and MAP (interaction-p=0.046), as well as DBP (interac-
tion-p=0.140) were significant and marginally significant,
respectively. As showed in Table 2, after adjusting for
age, antihypertensive medication use, min SaO,, percen-
tage of NREM sleep stage 2, and total scores of ESS,
increased 24-hour urinary norepinephrine was signifi-
cantly associated with higher SBP (f=0.454, p=0.012),
DBP ($=0.399, p=0.041), and MAP ($=0.432, p=0.023)
in normal-weight male patients with OSA, but not in
overweight/obese patients (all p>0.2). As shown in
Figure 1A, each 10 ug rise in 24-hour urinary norepi-
nephrine was associated with 2.77 and 0.07 mm Hg rise
in SBP (p=0.009), 1.82 and 0.60 mm Hg rise in DBP
(p=0.140), and 2.13 and 0.42 mm Hg rise in MAP
(p=0.046) in normal-weight and overweight/obese male
patients with OSA, respectively. Sensitivity analyses
showed that findings were similar and in the same direc-
tion after adjusting AHI instead of min SaO,.

In secondary analyses, we used logistic regression models
to examine BMI effects on the association between 24-hour
urinary norepinephrine and hypertension in normal-weight
and overweight/obese male patients with OSA, respectively.
As shown in Figure 1B, after adjusting for age, min SaO,,
percentage of NREM sleep stage 2, and total scores of ESS,
each 10 ug rise in 24-hour urinary norepinephrine was sig-
nificantly associated with 2.32-fold increased odds for hyper-
tension in normal-weight male patients with OSA (adjusted
OR=2.33, 95% CI=1.06 to 5.09, p=0.034), but not in over-
weight/obese patients (adjusted OR=0.98, 95% CI=0.81 to
1.18, p=0.849). Interaction between 24-hour urinary norepi-
nephrine and overweight/obesity on hypertension was sig-
nificant (interaction-p=0.022). Sensitivity analyses showed
that these findings were similar and in the same direction
after adjusting for AHI instead of min SaO,.

As shown in Figure 2A, 24-hour urinary norepinephrine
levels were significantly higher in normal-weight male
patients with OSA and hypertension compared to those
without hypertension (p=0.035) after adjusting for age, min
Sa0,, percentage of NREM sleep stage 2 and total scores of
ESS. However, among those overweight/obese patients with
OSA, no significant difference in 24-hour urinary norepi-
nephrine levels was observed between patients with and
without hypertension (Figure 2B, p=0.664).

As shown in Supplemental Table 1, among overweight/

obese OSA patients, correlations between levels of 24-hour
urinary norepinephrine and percentage of REM sleep
(r=0.242, p=0.025) and min SaO, (r=—0.211, p=0.051)

were significant, while no significant correlation was

Table 2 Association Between 24-Hour Norepinephrine Levels and Blood Pressure in Males with Obstructive Sleep Apnea

Overall* Normal-Weight! Overweight/Obesity!
B [i] P Interaction plt B ] p B [} P

SBP (mm Hg)
24-hour urinary norepinephrine (ug) | 0.093 | 0.157 | 0.082 0.009 0.277 | 0.454 | 0.012 | 0.007 0.012 0.909
DBP (mm Hg)
24-hour urinary norepinephrine (ug) | 0.096 | 0.212 | 0.023 0.140 0.182 | 0.399 | 0.041 0.060 0.133 0.223
MAP (mm Hg)
24-hour urinary norepinephrine (ug) | 0.095 | 0.198 | 0.032 0.046 0213 | 0432 | 0.023 | 0.042 0.089 0.407

Notes: *The linear regression models in overall samples were adjusted for age, overweight/obesity, antihypertensive medications use, minimum oxygen saturation, Epworth
Sleepiness Scale scores, and percentage of non-rapid eye movement sleep stage 2. The linear regression models in normal weight and overweight patients with OSA were
adjusted for age, antihypertensive medications use, minimum oxygen saturation, Epworth Sleepiness Scale scores, and percentage of non-rapid eye movement sleep stage 2.
*The p values of interaction between 24-hour urinary norepinephrine and overweight/obesity. Overweight/obesity was defined as a body mass index=25 kg/mz.
Abbreviations: B, unstandardized coefficients; B, standardized coefficients; DBP, diastolic blood pressure; MAP, mean arterial pressure; SBP, systolic blood pressure.
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Figure | (A) Blood pressure increase for each 10 ug rise in 24-hour urinary norepinephrine levels in normal-weight and overweight/obese male patients with obstructive
sleep apnea. (B) Odds ratios of hypertension for each 10 ug rise in 24-hour urinary norepinephrine levels in normal-weight and overweight/obese male patients with

obstructive sleep apnea.

Notes: *P<0.05. Error bars indicate standard error. Overweight/obesity was defined as a body mass index225 kg/m> All data were adjusted for age, antihypertensive
medication use, minimum oxygen saturation, percentage of non-rapid eye movement sleep stage 2, and total scores of Epworth Sleepiness Scale.
Abbreviations: DBP, diastolic blood pressure; MAP, mean arterial pressure; SBP, systolic blood pressure.

observed between levels of 24-hour urinary norepinephrine
and other sleep parameters (all p-values>0.1). No significant
correlation was observed between levels of 24-hour urinary
norepinephrine and any sleep parameters in normal-weight
OSA patients (all p-values>0.07).

Discussion

To our knowledge, this is the first study examining mod-
erating effects of BMI on the association between sympa-
thetic activation and blood pressure in males with OSA.

>

90 -
p=0.035

53.94
60 A

33.00

30 A

24-hour urinary norepinephrine (ug)

No HT HT

Normal weight

Our data suggest that sympathetic activation is differen-
tially associated with elevated blood pressure in OSA,
with this association only evident in normal-weight, but
not in overweight/obese males with OSA.

Sympathetic activation has been proposed as one of the
primary pathways of OSA related hypertension.” In con-
trast to normal sleep, sympathetic activity as well as blood
pressure does not fall during sleep in patients with OSA
due to repetitive episodes of hypoxia and arousal induced
by respiratory events during sleep.'®*° These high levels

90 -
% p=0.664
2
Q
£
< 53.26
560 1 : 50.85
5
15
]
z
g
‘£ 30
S
5
5]
<
=
(o]

() 4
No HT HT
Overweight/obesity

Figure 2 (A) Twenty-four-hour urinary norepinephrine levels in normal-weight male OSA patients with and without hypertension. (B) Twenty-four-hour urinary

norepinephrine levels in overweight/obese male OSA patients with and without hypertension.
Notes: Error bars indicate standard error. Overweight/obesity was defined as a body mass index 225 kg/m2. HT=hypertension; OSA=obstructive sleep apnea. All data were
adjusted for age, minimum oxygen saturation, percentage of non-rapid eye movement sleep stage 2, and total scores of Epworth Sleepiness Scale.
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of sympathetic activity are sustained into wakefulness.”'
In the current study, we found increased 24-hour urinary
norepinephrine was independently and significantly asso-
ciated with elevated blood pressure in patients with OSA,
which was consistent with previous findings.** However,
this relationship was evident only in normal-weight, but
not in overweight/obese patients with OSA.

Although obesity is a major risk factor for OSA and
hypertension, up to 36-74% patients with OSA may not be
obese.>* % Evidence from previous studies showed a dose—
response relationship between the severity of untreated
OSA and risk of hypertension, and this association was
independent of obesity.?”*® Similarly, heightened sympa-
thetic drive is present in patients with OSA independent
of obesity.”’ Our data show that increased sympathetic
activity was associated with elevated blood pressure and
increased risk of hypertension in normal-weight, but not
overweight/obese patients with OSA. These findings sug-
gest that sympathetic activation is likely to be a key
mechanism mediating OSA-related hypertension in normal-
weight patients with OSA.

The mechanisms mediating the more potent pressor
effect of sympathetic activation on blood pressure in nor-
mal-weight patients with OSA are unclear. It has been
demonstrated that the patterns of sympathetic activation
differ in
hypertension.’® The firing rate of single vasoconstrictor

normal-weight and obesity-related
nerve fibers is increased in normal-weight essential hyper-
tension subjects, whereas it is normal in obese subjects
regardless of their prevailing blood pressure despite the
total multiunit MSNA being elevated.’® It appears that
previously silent nerve fibers are recruited in obesity, but
they do not subserve vasoconstriction. Furthermore, sus-
tained elevation of MSNA in obesity might lead to down-
regulation of a-adrenergic receptors and reduction of
sympathetic vascular tone.’! In support of this, it has
been reported that the reflex sympathetic responses during
baroreceptor stimulation and deactivation induced by
intravenous infusions of phenylephrine and nitroprusside
were preserved in normal-weight hypertensive subjects but
reduced in obese hypertensive subjects.>® As for obesity-
related hypertension, it may be related to several collective
mechanisms other than sympathetic drive, such as sys-
temic inﬂammation,3 3 insulin resis‘[ance,34 increased levels
of leptin,® and activation of the renin-angiotensin-
aldosterone system.*® In addition, there may be a “ceiling
effect”, where the rise in blood pressure is finite, and
addition of further pressor mechanisms above and beyond

a certain level, does not result in further substantial blood
pressure increase. Thus, given the multifactorial contribu-
tion to elevated blood pressure in obese patients with
OSA, the redundancy in mechanisms driving higher
blood pressure may blur any individual contribution of
sympathetic activation. Indeed, compared to normal-
weight patients with OSA, overweight/obese patients are
reported to have greater likelihood of objective daytime
sleepiness.>” We recently found that OSA with objective
associated with

daytime sleepiness

8

was systemic

and increased risk for hypertension.*’

inflammation’
However, we did not assess measures of systemic inflam-
mation in the current study to further examine this
hypothesis.

In a recent meta-analysis, sympathetic activity was
evaluated in 1438 obese or overweight subjects without
hypertension and metabolic syndrome, and MSNA was
noted to be significantly greater in overweight and obese
individuals compared to normal weight subjects.*
Consistent with the findings of this meta-analysis, we
found that overweight/obese patients had higher 24-hour
urinary norepinephrine compared to normal weight
patients, independent of blood pressure status. The
increased sympathetic activation in obese subjects might
conceivably be mediated by hyperinsulinemia,*'
hyperleptinemia*® and/or baroreflex impairment® in obe-
sity. In another study in 10 obese normotensive OSA
patients, Marrone et al reported that one night CPAP
therapy had significant effects on normalizing blood pres-
sure oscillations whereas it did not have any effect on
decreasing nocturnal urinary norepinephrine levels.?’
Taken together, it appears that the association of sympa-
thetic overactivation and elevated blood pressure may be
only present in normotensive, normal weight OSA
patients. Future studies should be conducted to examine
this hypothesis.

Our findings have several important clinical implica-
tions, suggesting that the underlying mechanisms driving
OSA-related hypertension in normal-weight and over-
weight/obese subjects might be different. Thus, in order
to prevent and improve OSA-related hypertension, treat-
ments for normal-weight patients with OSA should target
reductions in sympathetic activity levels (ie, CPAP or renal
sympathetic denervation),** while weight loss interven-
tions should be emphasized in addition to CPAP treatment
for overweight/obese patients with OSA. Indeed, regarding
the former, prior studies strongly suggest that the blood
pressure lowering effects of renal sympathetic denervation
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are especially evident in resistant hypertensive patients
with co-morbid OSA.**** Our results also provide support
for individualized antihypertensive medication in patients
with OSA-related hypertension. For example, central sym-
pathetic inhibitors and/or B-adrenergic blockade combined
with CPAP treatment might provide selective cardiovascu-
lar benefit in normal-weight patients with OSA-related
hypertension. As for overweight/obese hypertensive OSA
patients, diuretics and RAAS blockers combined with
CPAP treatment might possibly produce greater antihyper-
tensive effects.*

Strengths of our study include the measurement of sym-
pathetic drive using 24-hour urinary norepinephrine.
Because the norepinephrine levels are easily influenced by
stress, and their moment-to-moment variation is great due to
the very short half-life in plasma (only 2 to 3 minutes),”**’
we used 24-hour urinary norepinephrine to assess overall
systemic sympathetic drive, rather than use a single mea-
surement of plasma norepinephrine or the direct measure-
ment of sympathetic nerve traffic via microneurography.
Furthermore, compared to the direct measurement of sym-
pathetic nerve traffic via microneurography, 24-hour urinary
norepinephrine is a noninvasive, convenient and easy opera-
tive measure in clinical practice. However, several limita-
tions should be acknowledged. First, we only included male
patients with OSA in this study and our findings cannot be
generalized to females with OSA. However, gender differ-
ences in sympathetic activation®® and OSA-related cardio-
metabolic outcomes*® have been well established. Further
studies should be conducted to examine the BMI effects on
the association between sympathetic activation and blood
pressure in females with OSA. Second, we did not examine
daytime and nighttime urinary norepinephrine separately.
However, 24-hour urinary norepinephrine is a valid surro-
gate marker of 24-hour sympathetic activity. Third, the lack
of data regarding adherence and types of antihypertensive
medications prevented further analyses of their impact on
blood pressure. In mitigation, this may have negligible
effects on the results because our statistical models have
been adjusted for “presence or absence of antihypertensive
medications” and the findings remained similar after exclud-
ing 21 patients on antihypertensive medications. Finally, we
did not perform ambulatory blood pressure monitoring or
examine CPAP treatment effects on sympathetic activity and
blood pressure in normal-weight and overweight/obese
males with OSA. Future randomized controlled trials using
ambulatory blood pressure monitoring should be conducted.

Conclusions

In conclusion, sympathetic activation was associated with
increased blood pressure as well as higher odds for hyper-
tension in normal-weight, but not in overweight/obese
male patients with OSA. These findings suggest that
BMI may moderate the association between sympathetic
activation and blood pressure in males with OSA.
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