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Nondipping blood pressure (BP) is associated with
increased morbidity and mortality. This study examines the
relationship of “dipping” in 24-hour ambulatory BP monitor-
ing (ABPM) with awake and sleeping urinary norepinephrine
(NE) and epinephrine (EPI), and that of urinary NE and EPI
with urinary sodium (UNa). Fifty nondippers and 65 dippers
were included in the present study. Collected data included
age, sex, body mass index, history of hypertension, current
antihypertensive treatment, ABPM data, and NE, EPI, and
UNa values. Hierarchical multiple regression analysis with

the night-to-day ratio (NDR) of systolic BP as a dependent
variable showed that the composite term of the NDRs of
urinary NE and EPI was a significant predictor for dipping.
Results also show a differential role of NE and EPI in
circadian UNa excretion in dippers and nondippers. These
results indicate that the sympathetic nervous system is
involved in the regulation of circadian BP variations and
UNa excretion. J Clin Hypertens (Greenwich). 2016;18:921–
926. ª 2016 Wiley Periodicals, Inc.

Ambulatory blood pressure (BP) monitoring (ABPM)
may be used to identify diurnal variations in BP and to
differentiate between so-called dippers, defined as indi-
viduals with a ≥10% decrease in systolic BP (SBP)
during nighttime, and nondippers, defined as individuals
who lack this fall in BP.1,2

Absence of the normal nocturnal fall in SBP is
associated with increased morbidity and mortality,3

and poses a substantial risk even after antihypertensive
treatment.4 Hence, restoration of the physiological
circadian rhythm may be an aspect of crucial impor-
tance in the care of hypertensive patients independent of
normalization of elevated BP values.5

The underlying mechanisms responsible for the nor-
mal fall in SBP, as well as its absence, are incompletely
understood. Based on the seminal work of Guyton and
colleagues,6,7 who first drew attention to high urinary
sodium (UNa) excretion in hypertensive individuals
compared with normotensives, numerous studies have
since established a prominent role of sodium balance for
the maintenance of a normal circadian BP profile.8–13

On the other hand, a loss of circadian changes in BP
and heart rate (HR) is common in conditions with
persistent sympathetic-parasympathetic imbalance such
as after traumatic brain injury.14 In addition, dimin-
ished nighttime decreases in systolic and diastolic BP are
associated with blunted reductions of nocturnal HR in
hypertensive patients,15 and HR variability is reduced in

patients with nondipping resistant hypertension.16

Therefore, an impaired sympathetic withdrawal during
sleep might be another explanation for nondipping BP
characteristics.17,18

The aim of the present study was to establish a
possible relationship between diurnal variations in SBP
as determined by 24-hour ABPM and changes in urinary
catecholamine excretion in a population of normoten-
sive and mildly (stage 1) hypertensive volunteers. We
also measured UNa in order to find out whether there is
a link between urinary catecholamines and UNa excre-
tion in this study population.

METHODS

Patients
A total of 115 consecutive normotensive (BP <140/
90 mm Hg; n=43) and mildly (stage 1) hypertensive
(SBP 140–159 mm Hg or diastolic BP 90–99 mm Hg, or
both; n=72) volunteers were enrolled in the present
study according to resting office BP readings. The data
collected included age, sex, body mass index (BMI),
history of hypertension, and current antihypertensive
medication. The study was conducted as an extension of
the ongoing PMT study and was approved by the local
review board and ethics committee of the University
Hospital Carl Gustav Carus at the Technical University
of Dresden, Dresden. Informed consent was obtained
from all study participants.

Ambulatory BP Monitoring
ABPM was obtained with the 90207-2Q device (Space-
labs Healthcare, Snoqualmie, WA). Daytime and night-
time systolic and diastolic BP as well as HR were
recorded at intervals of 15 minutes and 30 minutes each,
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respectively. Dipping BP characteristics were defined as
a night-to-day ratio (NDR) of SBP <0.9. Sleep quality
was not routinely assessed to authenticate nondipping.

Clinical Chemistry
Urine was collected into two separate boxes for daytime
and nighttime samples. Participants were instructed to
start daytime collection with the second morning urine
and to stop with the last voiding before going to bed.
Nighttime collections included all overnight voidings
and the first morning urine. Urinary free norepinephrine
(NE) and epinephrine (EPI) concentrations were deter-
mined by high-performance liquid chromatography
tandem mass spectrometry.19 Day and night UNa and
creatinine concentrations were measured according to
standard procedures in the Institute of Clinical Chem-
istry and Laboratory Medicine at the University of
Dresden (standard procedures on Modular PPE 9000
from Roche Diagnostics Deutschland GmbH, Mann-
heim, Germany).

Statistical Analyses
All variables were examined using the Shapiro test for
normal distribution and equality of variance using
F test. For comparison between dippers and nondippers,
Pearson’s chi-squared, Student’s t, and Wilcoxon rank
tests were used for paired and unpaired data, as
appropriate. For correlations, Spearman’s correlation
coefficient was applied. “Dips” were defined as the
respective NDRs. Hierarchical linear models were
constructed by backward selection and analyzed using
“R”. For model comparison, analysis of variance and

Bayesian information criterion20 were used, as required.
Two-tailed statistical tests with a threshold P value of
.05 were applied for all analyses and the method of
Bonferroni was used for adjustment in subgroup anal-
yses (Ns=2).

RESULTS

Clinical and Laboratory Characteristics of the Study
Population
For the whole study population (N=115), mean SBP
decreased from day to night from 132�11 mm Hg to
117�10 mm Hg, diastolic BP from 83�9 mm Hg to
70�9 mm Hg, and HR from 78�10 to 66�7 beats per
minute (Table I). Urinary NE and EPI decreased from
16�8 lmol/mol to 8�5 lmol/mol creatinine and from
3.9�2.4 lmol/mol to 0.9�0.5 lmol/mol creatinine.
UNa decreased from 103�62 mmol to 52�37 mmol.
All of these differences were statistically significant
(P<.001) (Table II).

Dippers and Nondippers
Following the results of ABPM, study participants were
divided into 65 dippers and 50 nondippers. There were
no differences in age, sex, BMI, mean 24-hour systolic
and diastolic BP, and HR between the two groups of
patients. The proportions of hypertensive patients and
patients treated for hypertension were also not different
(65% and 60% [P=.75] and 46% and 56% [P=.39] in
dippers and nondippers, respectively). Diuretics (2 vs 4;
P=.24), b-blockers (7 vs 14; P=.018), calcium channel
blockers (9 vs 9; P=.54), and angiotensin-converting

TABLE I. Population Characteristics With Calculated Night-to-Day Ratios

Total (N=115) Dipper (n=65) Nondipper (n=50) P Value

Age, y 50�9 49�9 50�9 NS

Female, % 60 55 66 NS

BMI, kg/m² 27�5 26�4 28�6 NS

Treated for hypertension, % 50 46 56 NS

24-h ABPM

SBP, mm Hg 128�13 130�15 125�11 NS

DBP, mm Hg 80�11 81�12 78�9 NS

HR, beats per min 75�11 76�12 74�11 NS

Day ABPM

SBP, mm Hg 132�11 135�12 127�11 <.01

DBP, mm Hg 83�9 85�9 80�9 .015

HR, beats per min 78�10 79�10 76�10 NS

Night ABPM

SBP, mm Hg 117�10 113�11 120�9 <.005

DBP, mm Hg 70�9 69�9 72�8 NS

HR, beats per min 66�7 66�7 66�7 NS

Night-to-day ratios

Ratio SBP 0.89�0.06 0.84�0.04 0.95�0.03 <.001

Ratio DBP 0.85�0.07 0.81�0.05 0.90�0.05 <.001

Ratio HR 0.85�0.08 0.84�0.08 0.87�0.06 .0470

Abbreviations: ABPM, ambulatory blood pressure monitoring; BMI, body mass index; DBP, diastolic blood pressure; HR, heart rate; NS, not significant;

SBP, systolic blood pressure. Values are expressed as means�standard deviation.
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enzyme inhibitors/angiotensin receptor blockers (21 vs
19; P=.53) accounted for 95% and 96%, respectively, of
antihypertensive drugs used. No significant differences
could be detected in the average number of antihyper-
tensive drugs per patient in dippers compared with
nondippers (1.4 vs 1.7; P=.21). Awake systolic and
diastolic BP values were significantly higher in dippers
than in nondippers, whereas nighttime SBP was signif-
icantly higher in nondippers (Table I). Daytime urinary
EPI was significantly higher in dippers. A circadian
pattern of sodium excretion was demonstrated both in
dippers and nondippers, but nighttime decrease in UNa
was significant only in dippers (P<.001), indicating
enhanced nighttime excretion of sodium in nondippers
(Table II).

Relationship Between the NDRs of NE, EPI, and SBP
A stepwise multiple linear regression model was fitted
by backwards selection with the NDR of the SBP as the
dependent variable and waking and sleeping SBP; NDRs
of HR, NE, EPI; and UNa as independent variables. The
NDR of diastolic BP was not considered because of a
high correlation with the NDR of SBP (Rs=0.79;
P<.001). In this model, a composite term of the NDRs
of NE and EPI proved to be a powerful predictor of
dipping (P<.001), and a highly significant correlation
could be established between these variables (Rs=.338;
P<.001) (Figure 1). Moreover, a highly significant
correlation could be demonstrated between the NDRs
of EPI and SBP (Rs=0.338; P<.0002), whereas the
NDRs of NE and SBP were only weakly correlated
(Rs=0.213; P<.022) (not shown).

Relationship Between the NDRs of NE and EPI and
UNa
Further analysis showed a significant correlation
between the NDRs of total NE and UNa both in
dippers (Rs=0.536; P<.0001) and in nondippers

(Rs=0.368; P<.01) (Figure 2A and 2B). In addition,
the NDRs of total EPI and UNa were significantly
correlated in dippers (Rs=0.540; P<.0001). In contrast,
there was no significant correlation between the NDRs
of total EPI and UNa in nondippers (Figure 2C
and 2D).

Relationship Between Urinary NE and EPI and 24-
Hour UNa
A significant correlation could also be established
between 24-hour urinary NE and 24-hour UNa in
dippers and a trend correlation in nondippers, which,
however, became insignificant after adjustment of sig-
nificance levels for subgroup analyses (Ns=2) according
to Bonferroni (Figure 3A and 3B). Values of 24-hour
urinary EPI and 24-hour UNa were significantly corre-
lated in dippers but not in nondippers (Rs=0.455;
P<.0001) (Figure 3C and 3D).

TABLE II. Urine Catecholamine and Sodium Values With Calculated Night-to-Day Ratios

Total (N=115) Dipper (n=65) Nondipper (n=50) P Value

Urine

Day-NE, lmol/mol creatinine 16�8 17�8 15�7 NS

Night-NE, lmol/mol creatinine 8.0�5 7.9�5 8.0�5 NS.

Day-EPI, lmol/mol creatinine 3.9�2.4 4.3�2.3 3.2�2.5 <.005

Night-EPI, lmol/mol creatinine 0.9�0.5 0.9�0.5 0.9�0.6 NS

Day-total sodium, mmol 103�62 104�64 100�61 NS

Night-total sodium, mmol 52�37 48�36 56�39 NS

Day-sodium/creatinine, mol/mol crea 14�8a 13�6b 15�10c NS

Night-sodium/creatinine, mol/mol crea 12�9a 11�7b 14�11c NS

vs daytime

Night-to-day ratios

Ratio NE/creatinine 0.51�0.19 0.47�0.17 0.54�0.21 .023

Ratio EPI/creatinine 0.26�0.16 0.23�0.12 0.31�0.20 .022

Ratio total sodium 0.61�0.47 0.56�0.42 0.69�0.53 NS

Ratio sodium/creatinine 0.97�0.64 0.89�0.52 1.07�0.77 NS

Abbreviations: EPI, epinephrine; NE, norepinephrine. Values are expressed as means�standard deviation. aP<.005. bP<.001. cNot significant (NS).
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FIGURE 1. Relationship of the dip in systolic blood pressure (NDR
SBP) with the dip in the composite term of norepinephrine and
epinephrine (NDR [NE9EPI]). Significance of Spearman’s coefficient
of correlation is denoted.
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DISCUSSION
In the present study, we set out to explore the impact of
the sympathetic nervous system (SNS) on circadian BP
variations, as assessed by changes in urinary NE and
EPI. We hypothesized that excess activation of the SNS
might be responsible, at least in part, for the loss of the
ability in certain individuals (ie, nondippers) to appro-
priately lower their nighttime SBP compared with their
normal counterparts (dippers).

In support of our hypothesis, we found significantly
lower NDRs of NE and EPI in our group of normoten-
sive and mildly hypertensive dippers than in the group
of nondippers. Furthermore, nighttime UNa excretion
was significantly lower in dippers compared with
nondippers, thus raising the possibility of major differ-
ences between dippers and nondippers not only in the
neural mechanisms underlying BP regulation but also
renal sodium handling.

In order to unravel these mechanisms in more detail
we at first fitted a linear regression model using waking
and sleeping SBP and the NDRs of NE and EPI either as
two independent variables or as a composite term, to

take account of the synergistic actions of these cate-
cholamines. In this model, the composite term of NE
and EPI proved to be a powerful predictor of dipping.
Moreover, significant correlations could be established
between the NDRs of SBP and NE and EPI, strongly in
favor of our main hypothesis.

Subgroup analysis revealed that the NDRs of urinary
NE and UNa were closely related in dippers and
nondippers. In addition, 24-hour urinary NE was
significantly correlated with 24-hour UNa in dippers
and trend correlated in nondippers. By contrast, both
NDRs of EPI and UNa and 24-hour urinary EPI and 24-
hour UNa were significantly correlated only in dippers.

Thus, beyond a close relationship between the night-
time decreases in urinary NE and EPI and the magnitude
of nighttime drops in SBP in our study population, a
significant relationship became apparent between NE
and EPI andUNa in dippers, but only aweak relationship
was found betweenNE and UNa and no relationship was
found between EPI and UNa in nondippers. Given the
known synergistic effects of NE and EPI on total
peripheral resistance and the prime role of EPI in renal
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FIGURE 2. Relationship of the night-to-day ratio of total sodium excretion (NDR total Na) with the night-to-day ratio of total
norepinephrine (NDR total NE) (A and B) and epinephrine (NDR total EPI) (C and D) excretion for dippers (A and C) and nondippers
(B and D), respectively. Significances of Spearman’s coefficients of correlation are denoted.
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sodium handling,21 these results fit well with the notion
of a prevailing regulation by NE of diurnal BP variations
and UNa excretion in dippers and an increase in the
weight of the effects of EPI in nondippers as reflected by
the noticeable lack of correlation between EPI and UNa
in these patients. The reason for this is not clear, but it
may be the result of an enhanced recruitment of renin-
secreting cells in response to the attenuated nighttime
decrease of EPI found in nondippers with ensuing
upregulation of the renin-angiotensin-aldosterone sys-
tem or determined genetically. However, since neither
renin activity nor aldosterone levels were measured in the
present study, these explanations remain speculative.
Our results are in line with findings that show a

parallel decrease of sympathetic activity and UNa
excretion in patients with mild to moderate essential
hypertension on a long-term low-sodium–based diet.22

They are also consistent with studies describing recovery
of a normal circadian BP rhythm in hypertensive
nondippers upon treatment with diuretics.23,24 These
drugs are known to exert their short-term BP-lowering
effect via volume and sodium depletion but their long-

term hypotensive action mainly by lowering total
peripheral resistance.23,25,26

It should be clarified, however, that no firm conclusions
can be drawn concerning the primacy of the SNS in the
pathogenesis of nondipping BP characteristics. Although
our results are consistent with the notion of enhanced
sympathetic activity in nondippers in the first place, they
wouldalso appear tobe compatiblewith available evidence
of a lead role of the kidneys in the development of
hypertension and abnormal BP diurnal variability.22,27,28

STUDY LIMITATIONS
Our study has several limitations. First, classification of
dippers and nondippers relied on a single ABPM record-
ing, and neither sleep records nor diaries were routinely
kept to authenticate nondipping. However, conflicting
evidence exists on the impact of poor sleep quality on
nocturnal BP dipping.29,30 Similarly, there is no consis-
tent support in favor of more than one ABPM recording
for satisfactory assessment of a diurnal BP rhythm,31 and
there is also no indication for the preferential misclassi-
fication of patients into one group or the other.5
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FIGURE 3. Relationship of the 24-hour total sodium excretion (24h Na [mmol/d]) with the 24-hour total NE (24h NE [lmol/d]) (A and B)
and EPI (24h EPI [lmol/d]) (C and D) excretion for dippers (A and C) and nondippers (B and D), respectively. Significances of Spearman’s
coefficients of correlation are denoted.
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Although, occasional misclassifications cannot therefore
be ruled out, this should not have affected the overall
findings of our study. Another limitation relates to the use
of urinary catecholamines as a surrogate for sympathetic
activity.32–35 Yet, measurement of urinary catechola-
mines has been successfully applied to delineate altered
sympathetic activity in various health conditions and
ethnicities.36–40 Therefore, we are confident that the
differences in NDRs of urinary catecholamines observed
between dippers and nondippers in the present study do
reflect real differences in sympathetic activity between
these two study populations.

CONCLUSIONS
The results of the present study provide evidence for the
involvement of the SNS in the regulation of circadian BP
variations and are in support of different contributions
of NE and EPI to circadian BP regulation and UNa
excretion in dippers and nondippers. However, the
results do not allow conclusions to be drawn concerning
the primacy of the SNS or the kidneys in the develop-
ment of a nondipping BP pattern.
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