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Abstract: Background/Objectives: Blood pressure (BP) is characterized by a circadian rhythm (Circr)
with lower nighttime values, called dipping. Non-dipping is associated with higher CVD risk. The
Circr of urinary sodium excretion (NaCle), peaking during the day, is linked to BP patterns. Physical
activity (PA) is known to improve BP control and enhance the dipping phenomenon, but its possible
effect on NaCle remains unclarified. This study aimed to investigate the correlation between PA and
the Circr of NaCle and to determine if the relationship is independent of age, sex, BP values, dipping
pattern, and salt intake. Methods: A pilot cross-sectional analysis was conducted using data from the
Ticino Epidemiological Stiffness Study, involving 953 participants in Switzerland. Data collection
included standardized questionnaires, blood samples, 24 h urine collections, and ambulatory BP
monitoring. Participants were categorized into sedentary, partially active, and active. The effect of
PA, NaCl intake, and dipping on the day/night NaCle ratio was assessed with multivariable linear
regressions. Results: Participants’ median age was 49 years, with 78% having normal BP values and
47% exhibiting a dipping pattern; 51% were classified as sedentary and 22% as partially active. The
median NaCl intake was 7.9 g/day. The youngest subjects had a higher hourly NaCle ratio compared
to older subjects. Higher NaCl intake correlated with increased BP, a phenomenon more pronounced
in men and younger subjects. The hourly day/night NaCle ratio positively correlates with dipping;
however, PA did not show a significant correlation with the NaCle ratio. Conclusions: This study
indicates that while the day/night NaCle ratio correlates with the dipping pattern, PA is unrelated to
the circadian rhythm of renal sodium handling. The beneficial effects of PA on BP and cardiovascular
health thus appear to be mediated through mechanisms other than NaCle. These are explorative
findings only but relativize the need for further investigations on the topic.

Keywords: physical activity; hypertension; dipping; circadian pattern; circadian rhythm; sodium;
sodium excretion; salt intake

1. Introduction

Hypertension is one of the main risk factors contributing to the onset of cardiovascular
diseases (CVDs) [1,2]. In people with a usual sleep–wake pattern, blood pressure (BP)
is characterized by a circadian rhythm, with the highest values during daytime and the
lowest during nighttime while asleep [3–5]. This decrease in BP values during nighttime
is called “dipping”, and it is characterized by a lowering of nighttime pressure of 10–20%
compared to daytime BP [6]. The circadian rhythm of blood pressure is usually assessed
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using ambulatory BP monitoring (ABPM), which measures BP at preset intervals during a
24 h period [3]. Despite the fact that the dipping pattern is physiological, some people have
“non-dipping” blood pressure profiles, with a reduction in BP during nighttime <10%, and
in some cases “reverse dipping” profiles, with an elevation of BP values during the night.
The absence of dipping is associated with increased CVD risk and more serious target-
organ damage like left ventricular hypertrophy, microalbuminuria, and cerebrovascular
disease [7–11].

It has been suggested that the absence of nocturnal dipping in some subjects could
be related to high sodium intake and/or salt sensitivity [12,13]. Furthermore, more recent
studies have hypothesized that the non-dipping pattern could be explained by an impaired
capacity to excrete enough sodium during the daytime [14,15]. To this point, our group has
previously demonstrated that impaired daytime sodium excretion capacity is associated
with a reduced dipping pattern in subjects older than 50 years [16].

Urinary sodium excretion is also characterized by a circadian rhythm, with the max-
imum level of excretion during daytime and the minimum during nighttime [17]. This
pattern, and in particular nighttime sodium excretion, is closely linked to blood pressure.
Previous findings have in fact suggested that BP represents the primary determinant of
sodium excretion during the night. This indicates that an impaired capacity to excrete
sodium during the daytime is linked to increased nocturnal BP in order to promote sodium
excretion through the pressure-natriuresis mechanism, resulting in the typical non-dipping
pattern [17–19]. Another important determinant of sodium and water renal excretion
regulation is the renal sympathetic nerve activity (RSNA), whose rise promotes renin secre-
tion and renal tubular sodium reabsorption, resulting in sodium retention and increase in
BP [20].

Besides blood pressure, age is one of the most important determinants of sodium
homeostasis. Aging has been shown to be linked to both salt retention and salt sensitivity
and consequently to hypertension [12,13]. With advancing age the kidney undergoes
structural and functional changes, including reduction in renal blood flow and glomerular
filtration rate [21]; it has also been proved that people 40 years old or older excrete less
sodium after saline loading than those younger than 40 years [22]. As an escape mechanism
to rebalance extracellular volume and ultimately reduce BP, pressure natriuresis, a rise in
sodium excretion due to a pressure related secondary increase in renal perfusion, intervenes
physiologically. Still, due to an age-related decline in the contra-regulation of sodium
excretion, the net result is an increased prevalence of salt-sensitive hypertension in the
older population [23].

Age is also related to a decrease in nocturnal BP fall [24], a phenomenon that could be
explained by the loss of the sleep-dependent ability to reduce sympathetic vascular tone
and by the presence of vascular wall changes leading to stiffness [25].

Regular physical activity (PA) is a key protective factor for the prevention and man-
agement of many chronic diseases like CVD, type 2 diabetes, cancer, obesity, depression,
and osteoporosis [26,27]. Engaging in regular exercise is known to reduce blood pressure
(BP) [28] and stimulates physiological adaptations for general health improvements [29].
Current recommendations from the American College of Sports Medicine suggest that most
individuals with hypertension should perform 90–150 min/week of moderate intensity
aerobic exercise [30].

As far as the circadian pattern of blood pressure, physical activity is associated with BP
dipping during the nighttime, and previous studies showed that the non-dipping pattern
could be improved by long-term aerobic exercise training [31,32].

Taking into consideration the relationships between the circadian rhythm of urinary
sodium excretion and the dipping pattern of blood pressure and between the latter and
physical activity, and knowing that both BP, PA and Na metabolism are related to com-
mon mechanisms (sympathetic system [33], cortisol pathway [34], renin–angiotensin–
aldosterone system [35,36]), we hypothesized that PA could independently influence
sodium excretion. Therefore, the aim of this pilot study is (i) to investigate a possible
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correlation between physical activity and the circadian rhythm of urinary sodium excretion
and (ii) to assess if this influence is independent from age, sex, blood pressure values,
dipping pattern, and salt intake.

2. Materials and Methods
2.1. Study Design

The present pilot study is based on a cross-sectional analysis of a population-based
research project, the “Ticino Epidemiological Stiffness Study, TEST-study”, which took
place between the years 2017 and 2018. It was carried out in the Italian-speaking part of
Switzerland (Canton Ticino) and involved residents aged ≥ 18 years. Participants were
recruited with a random sampling from a mailing list that was provided by the Swiss
Federal Statistic Department, with a response rate of 86%.

2.2. Ethical Approval

The TEST-study was performed in conformity with the 1964 Helsinki Declaration and
its subsequent revisions. It was approved by the Swiss ethics committee (CE 3115-2016-
01718) and all participants provided a written informed consent to take part in the study.

2.3. Population Sample

A total of 1202 participants were recruited in the original study. Each subject was
administered a standardized questionnaire exploring health, pathological case history,
eating habits, and physical activity; blood samples were collected in order to analyze serum
glucose, HbA1c, creatinine, low-density lipoprotein cholesterol, high-density lipoprotein
cholesterol, triglycerides, total cholesterol, and cystatin. A 24 h urine collection, divided in
“daytime” and “nighttime” based on subject’s self-reported bed-time and wake-up time,
was performed in order to collect different samples from the prevalent sitting/standing
position, and the supine one. To reduce the risk of bias due to the different duration of
“day” and “night” in the subjects and given the well-known intra-individual variability in
urine collection accuracy, the sodium excretion was calculated using the hourly urinary
creatinine excretion as time reference [37].

The urine samples were analyzed for sodium and creatinine concentrations. Invalid
collections with less than 400 mL or less than 2.5 mmol of urinary creatinine or more than
6000 mL or 30.0 mmol of urinary creatinine in the 24 h urine and participant reported losses
of more than 100 mL urine were excluded from the study. Concerning blood pressure
measurements, every participant was equipped for 24 h with an Ambulatory Blood Pressure
Monitor (ABPM). The device recorded measurements every 30 min during the day and
once every hour during the night. The blood pressure was recorded during working days
and the participants were asked to maintain their usual routine [11]. The blood pressure
monitoring was performed the same day of the urine collection.

After excluding subjects with missing data for total sodium excretion, level of physical
activity, blood pressure measurements, or urine collection, we analyzed 953 participants
(Figure 1).

Based on the questions exploring levels of physical activity (minutes of walking per
day, physical activity at work, and heavy physical activity in a week) in the standardized
questionnaire, participants were divided into three categories of “physical activity level”:
“sedentary”, “partially active”, and “active”.

The participants were considered to have risk factors when one or more of the fol-
lowing characteristics were present: current smoker, diabetes, previous cardiovascular
disease, chronic kidney disease (CKD) stage 3 or more as per KDIGO classification, LDL
(low-density lipoprotein) ≥ 4.4 mmol/L, hypertension, use of hypolipidemic and/or anti-
hypertensive drugs, metabolic syndrome.
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According to the NCEP ATP III definition, metabolic syndrome was diagnosed if three
or more of the five key criteria were met: waist circumference > 101.6 cm (men) or 88.9 cm
(women), blood pressure > 130/85 mmHg, fasting triglyceride level > 1.69 mmol/L, fasting
high-density lipoprotein (HDL) cholesterol level < 1.03 mmol/L (men) or 1.29 mmol/L
(women), and fasting blood glucose over 5.5 mmol/L [38]. In case of unavailability of
a fasting blood glucose, a HbA1c value of 5.7% was used as the cut-off [39]. eGFR was
calculated with the CKD-EPI Creatinine-Cystatin Equation (2021).

The circadian rhythm of sodium excretion was calculated using the ratio between the
hourly sodium excretion during the day by the hourly sodium excretion during the night.

The 24 h NaCl intake was estimated from the 24 h urinary sodium excretion consider-
ing that 1 mmol of sodium corresponds to 0.0584 g of NaCl and assuming that most of the
Na is ingested as a chloride salt.

2.4. Statistical Methodology

Preliminarily, a factorial analysis was conducted to identify the possible underlying
dimensions in the group of variables related to physical activity. The identification of the
factors derived from the individual scales and the interpretation of the factor loadings
(saturation) was performed by setting the value 0.50 as the lower limit of acceptability of
the individual item. Factor identification was performed after applying a varimax rotation
to maintain the independence of the factors [40,41]. To understand the suitability of the
data for factor analysis, the Kaiser–Meyer–Olkin test was performed [42]. In this way, two
factors, one related to daily physical activity and the other to heavy physical activity, were
identified and used to calculate a physical activity score (results not reported). Therefore,
subjects were classified as sedentary, partially active, or active (Table 1).

Due to the non-normal distribution of the quantitative variables, descriptive statistics
were expressed as median and interquartile ranges (25th–75th) (IQR). Categorical data
were presented as relative frequencies and percentages. Comparisons among groups
were performed using non-parametric tests, Mann–Whitney U test or Kruskal–Wallis test,
with the latter followed by the Dunn procedure to determine statistically significant two-
by-two comparisons. In addition, the chi-square test was used for categorical variables.
Multivariable linear regressions were performed in the main sample and by subgroups
(i.e., sex, age range, blood pressure level, and risk factors) to assess the effects of physical
activity, daily NaCl intake, and dipping on the ratio. The statistical significance level was
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set at 0.05 (p < 0.05). Statistical analysis was performed using STATA18 (StataCorp., College
Station, TX, USA).

Table 1. Physical activity level definition.

Sedentary Little or no physical activity during the day and at work.
No heavy physical activity at work.

Partially active Moderate physical activity.
Occasional heavy physical activity at work.

Active
Intense physical activity.
Moderate/intense physical activity at work.
Almost daily moderate/intense heavy physical activity.

3. Results
3.1. Descriptive Statistics

Nine hundred and fifty-three patients with a median age of 49 years (IQR: 41–57) were
included in the study (Table 2). More than 78% of the subjects had normal blood pressure
values, and almost half of the subjects had a drop in blood pressure of 10% or more between
day and night. More than 57% of the subjects had three or more of the following risk factors:
smoking, diabetes, previous cardiovascular disease, chronic kidney disease (CKD) ≥ 3,
LDL ≥ 4.4 mmol/L, hypertension, taking hypolipidemic drugs, taking antihypertensive
drugs, metabolic syndrome.

Table 2. Patients’ characteristics.

No. of Patients 953

Demographic characteristics

Age, years 49.0 (41–57)

Sex, n (%)

Female 523 (54.9)

Male 430 (45.1)

BMI (kg/m2)
Hypertensive drug, n (%)

24.5 (22.1–27.5)
135 (14.2)

Blood pressure values

Systolic pressure (mmHg) 121 (114–129)

Diastolic pressure (mmHg) 76 (71–83)

Mean BP (mmHg) 91 (85–98)

Blood pressure subgroups, n (%)

Normotensive, n (%) 746 (78.3)

Mean BP (mmHg) 90 (85–97)

Hypertensive, n (%) 207 (21.7)

Normotensive, n (%) 746 (78.3)

Dipping (%)

Median (IQR) 8.9 (4.4–12.9)

Dipping ≥ 10%, n (%) 448 (47.0)

Dipping < 10%, n (%) 505 (53.0%)
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Table 2. Cont.

No. of Patients 953

Physical activity

Walking time day (minutes) 30 (0–600)

Physical activity at work, n (%)

None 312 (32.7)

Light 364 (38.2)

Moderate 221 (23.2)

Intense 56 (5.9)

Heavy physical activity during the week, n (%)

None 301 (31.6)

Light 148 (15.5)

Moderate 198 (20.8)

Intense 306 (32.1)

Physical activity level, n (%)

Sedentary 486 (51.0)

Partially active 210 (22.0)

Active 257 (27.0)

Sodium metabolism data

Hourly ratio of Na excretion (day/night) 1.2 (0.9–1.6)

24 h NaCl intake estimation (g) ** 7.9 (5.7–10.4)

Patients with risk factors *, n (%) 550 (57.7)
* Patients were classified at risk when three or more of the following factors were present: smoking, diabetes,
previous cardiovascular disease, CKD ≥ 3, LDL ≥ 4.4 mmol/L, hypertension, use of hypolipidemic drugs, use of
hypertensive drugs, metabolic syndrome. ** NaCl intake was estimated using the conversion factor: 1 mmol of
Na corresponds to 0.0584 g of NaCl.

Approximately 50% of subjects had a sedentary lifestyle, while the remaining 22%
and 27% were classified as partially and fully physically active, respectively. Specifically,
less than 3% of patients reported walking time less than 10 min daily. The ratio of hourly
urinary Na excretion had a median of 1.2 Na(g)/Na(n) (IQR: 0.9–1.6). The median NaCl
intake was 7.9 g/day (IQR: 5.7–10.4), while the mean NaCl intake was 8.3 ± 3.3 g/day
(women: 7.3 ± 2.9 g/day, men: 9.5 ± 3.3 g/day). eGFR was 119.2 mL/min/1.73 m2

(IQR: 111.2–125.4) in subjects <40 years, 106.3 mL/min/1.73 m2 (IQR:98.3–114.8) in subjects
40–65 years and 88.1 mL/min/1.73 m2 (IQR 76.1–98.4) in subjects ≥65 years (p < 0.001).

More than 55% of the subjects <40 years and 50% of the entire population led a
sedentary lifestyle, while the oldest subjects had a higher level of physical activity (p = 0.007)
(Figure 2A). A high percentage of subjects without risk factors (52.9%) reported sedentary
behaviors; the comparison in physical activity levels between subjects with and without
risk factors is shown in Figure 2D.

The youngest subjects showed a higher ratio of hourly Na urinary excretion (median
1.3, IQR: 0.9–1.9) compared to the oldest age groups (40–65 years: median 1.2, IQR: 0.8–1.6;
≥65 years: median: 0.9, IQR: 0.7–1.3) (p = 0.001) (Figure 3B). No statistically significant
differences were found in the other subgroup analyses (Figure 3A,C,D).

Male subjects reported higher values for daily NaCl intake (median: 9.1 g, IQR: 7.2–
11.4) than female subjects (median 6.8 g, IQR: 5.1–8.8, p < 0.001) (Figure 4A). Higher NaCl
intakes were observed in the youngest patients (median 8.1 g, IQR: 5.8–10.8) than in the
oldest patients (median: 7.2 g, IQR: 5.4–9.3, p = 0.0076) (Figure 4B). Higher values of NaCl
intake were also recorded in subjects with high blood pressure (median: 8.6 g, IQR: 6.6–11.0)
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compared to subjects with normal blood pressure (median: 7.6 g, IQR: 5.5–10.0, p < 0.001)
(Figure 4D).
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Female subjects had the lowest dipping values (median: 8.4%, IQR: 4.0–12.3) compared
to male subjects (median 9.6%, IQR: 4.9–13.9, p = 0.036) (Figure 5A). Subjects with normal
blood pressure had lower dipping values (median: 8.4%, IQR: 4.0–12.3) than subjects with
high blood pressure (median: 12.3%, IQR: 7.5–16.0, p < 0.001) (Figure 5C).
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3.2. Multivariate Analysis

Overall, the multivariate analysis showed that an increase of 1% in dipping resulted
in a 0.01 Na(d)/Na(n) (95%CI: 0.01–0.02) increase in the ratio (Table 3).

Table 3. Effects of physical activity, NaCl intake, and dipping on circadian rhythm of Na(d)/Na(n)
urinary excretion (Total sample).

Ratio of Na(d)/Na(n)

Subject Partially active
(baseline: sedentary)

0.01
[−0.11; 0.14]

Subject Total active
(baseline: sedentary)

0.01
[−0.10; 0.13]

NaCl intake (g) 0.01
[−0.01; 0.03]

Dipping (%) 0.01 ***
[0.01; 0.02]

Statistical significance level: *** p < 0.001. Results are reported as β-coefficient and [95%CI]. Sedentary subjects
used as baseline.

Subgroup analysis revealed that dipping had a positive significant effect on the ratio
in both female (β = 0.01, 95%CI: 0.01–0.02, p = 0.004) and male (β = 0.02, 95%CI: 0.01–0.03,
p = 0.004) subjects (Table 4A), in subjects older than 40 years (40–65 years: β = 0.02, 95%CI:
0.01–0.02, p = 0.001; ≥65 years: β = 0.02, 95%CI: 0.01–0.03, p = 0.005) (Table 4B), in subjects
with and without high blood pressure (normal: β = 0.01, 95%CI: 0.01–0.2, p = 0.019; high:
β = 0.04, 95%CI: 0.02–0.06, p < 0.001) (Table 5A), and in subjects with risk factors (β = 0.02,
95%CI: 0.01–0.03, p = 0.001) (Table 5C). In the oldest subjects, NaCl intake also showed a
positive effect on the ratio, so an increase in daily NaCl intake by 1 g could be related to an
increase in the ratio values by 0.06 Na(d)/Na(n) (95%CI: 0.02–0.09, p = 0.001) (Table 4B).

Table 4. Effects of physical activity, NaCl intake, and dipping on circadian rhythm of Na(d)/Na(n)
urinary excretion by demographic characteristics.

(A) Sex (B) Age Range

Female Male <40 Years 40–65 Years >65 Years

Subject Partially active
(baseline: sedentary)

0.01
[−0.16; 0.18]

0.01
[−0.18; 0.21]

0.02
[−0.29; 0.34]

0.05
[−0.10; 0.20]

0.01
[−0.25; 0.26]

Subject Total active
(baseline: sedentary)

0.03
[−0.12; 0.19]

−0.01
[−0.20; 0.17]

0.09
[−0.22; 0.42]

0.01
[−0.13; 0.15]

0.20
[−0.04; 0.43]

NaCl intake (g) 0.02
[−0.01; 0.04]

0.02
[−0.01; 0.04]

−0.01
[−0.05; 0.02]

0.01
[−0.01; 0.03]

0.06 ***
[0.02; 0.09]

Dipping (%) 0.01 **
[0.01; 0.02]

0.02 ***
[0.01; 0.03]

0.01
[−0.01; 0.03]

0.02 ***
[0.01; 0.02]

0.02 **
[0.01; 0.03]

Statistical significance level: *** p < 0.001; ** p < 0.05. Results are reported as β-coefficient and [95%CI]. Sedentary
subjects used as baseline.

Table 5. Effects of physical activity, NaCl intake, and dipping on circadian rhythm of Na(d)/Na(n)
urinary excretion by clinical characteristics.

(A) Blood Pressure (B) Renal Function (C) Risk Factor *

Normal High CKD < 3 CKD ≥ 3 No Yes

Subject Partially active
(baseline: sedentary)

0.05
[−0.09; 0.20]

−0.14
[−0.43; 0.16]

0.02
[−0.11; 0.15]

−0.06
[−0.88; 0.75]

0.01
[−0.20; 0.22]

0.01
[−0.16; 0.17]

Subject Total active
(baseline: sedentary)

0.02
[−0.12; 0.15]

0.04
[−0.24; 0.33]

0.02
[−0.11; 0.14]

−0.10
[−0.95; 0.74]

0.08
[−0.09; 0.25]

−0.03
[−0.20; 0.13]

NaCl intake (g) 0.01
[−0.01; 0.03]

0.01
[−0.03; 0.04]

0.01
[−0.01; 0.03]

−0.01
[−0.16; 0.13]

0.01
[−0.02; 0.03]

0.02
[−0.01; 0.04]

Dipping (%) 0.01 **
[0.01; 0.02]

0.04 ***
[0.02; 0.06]

0.01 ***
[0.01; 0.02]

0.04
[−0.01; 0.08]

0.01
[−0.01; 0.02]

0.02 ***
[0.01; 0.03]

Statistical significance level: *** p < 0.001; ** p < 0.05. Sedentary subjects used as baseline. * Patients were classified
at risk when three or more of the following factors were present: smoking, diabetes, previous cardiovascular
disease, CKD ≥ 3, LDL ≥ 4.4 mmol/L, hypertension, use of hypolipidemic drugs, use of hypertensive drugs,
metabolic syndrome.
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4. Discussion

Blood pressure is characterized by a circadian rhythm, with nighttime values 10–20%
lower compared to daytime [6]. This reduction in BP is called dipping and its absence is
associated with increased CVD risk. Previous findings suggest that the non-dipping pattern
could be at least partially explained by an impaired capacity to excrete, during the day,
enough of the sodium intake. Urinary sodium excretion is in fact in turn characterized by a
circadian rhythm, with higher hourly excretion levels during the day and lower during the
night. Circumstances leading to insufficient sodium excretion during the day can produce
an increase in nocturnal BP, resulting in a compensation of the sodium excretion through
the pressure-natriuresis mechanism. Both BP levels and the urinary sodium excretion
pattern are influenced by age, with a tendency to daytime salt retention and to a tamped
nocturnal BP fall. Regular physical activity plays an important role for the prevention
of CVD and is associated with a more pronounced BP dipping. Physical activity, BP,
and sodium metabolism are influenced by common mechanisms and signaling pathways,
such as the sympathetic system, the hypothalamic–pituitary–adrenal axis and the renin–
angiotensin–aldosterone system. Taking into consideration the relationship between the
circadian rhythm of urinary sodium excretion and the dipping pattern of blood pressure
and between the latter and physical activity, this study tried to explore whether physical
activity could independently influence the pattern of urinary sodium excretion.

The population examined in this study showed a prevalence of sedentary or partially
active lifestyles, with the subjects over 65 being more active than the ones in the other age
ranges. These results seem to be in contrast with the data reported by the “Switzerland
Physical Activity Factsheet 2019”, according to which sufficient physical activity levels
were present in over 74% of people under 65 years and in 72% of subjects ≥65 years [43].
Our results could be explained by the fact that older people who decided to take part in the
study could have been healthier and more active than the general population, producing a
selection bias. Based on the results, we might, however, suspect a reversal of the traditional
social dynamics, where younger people were assumed to have higher activity levels. This
could be explained by an increased awareness in older people of the importance of lifestyle
in maintaining health, translating into a greater willingness to be physically active, and by
the increasing number of programs and resources for the elderly available in Switzerland.
On the other hand, this trend, if an expression of the truth, raises major concerns for
younger people, who may become at increased risk of cardiovascular disease.

Concerning BP, using their values as a categorical variable (normal vs. high), we did
not find a significant difference in the three groups of physical activity levels.

The daily mean salt consumption (8.3 ± 3.3 g of NaCl/day; men: 9.5 ± 3.3 g/day 7.7 g;
women: 7.3 ± 2.9 g/day) was a little lower than expected, taking into consideration that
the “Swiss survey on salt intake” showed a mean salt consumption of 10.5 g for men and
9.0 g for women [44]. Explanations could be the different sample sizes, with the Swiss salt
study enrolling only 216 participants from our region, the time elapsed between the two
studies (7 years), and the effect of the Swiss campaigns to curb salt consumption (2008–2012
and 2013–2016). As expected, and shown in previous studies and mostly attributed to
a higher food consumption, we found that sodium intake was higher in men compared
with women.

The daily salt intake was related to the hourly urinary sodium excretion ratio only
in older people. This correlation could be explained by the fact that older people tend to
have impaired Na excretion and/or greater salt sensitivity [21,45,46]. As suggested by the
literature, and for the same reason, the hourly urinary sodium excretion ratio result was
higher in the younger population.

Patients with normal BP resulted in having lower dipping values than patients with
high blood pressure. This counterintuitive result is explained by the fact that our analysis
did not separate subjects treated with anti-hypertensive drugs from those without. In fact,
12.0% (n = 89) of subjects with normal BP had ongoing anti-hypertensive treatment, and
people with a diagnosis of hypertension, even if treated, often show a non-dipping pattern.
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Furthermore, as expected, a higher sodium intake was seen in people with hypertensive
values [46].

The extent of dipping was positively correlated to the hourly urinary sodium excretion
ratio in both sexes and in subjects ≥40 years, confirming that a physiological circadian
rhythm of BP is related to a similar pattern of sodium metabolism, with higher levels of
urinary Na excretion during the day. The lack of correlation in subjects <40 years could
be explained, as told before, by the fact that younger people are less inclined to translate
an increase in salt intake into a rise in BP [19]. This could also explain why we found a
correlation between dipping and the hourly urinary sodium excretion ratio only in subjects
with cardiovascular risk factors and subjects known to have an older vascular age [45].

In our study, physical activity was not related to the day/night hourly urinary sodium
excretion ratio. The absence of a positive correlation does not suggest the need for further
similar explorations of the pathophysiological mechanism linking physical activity with
blood pressure and sodium metabolism.

We can therefore affirm that the positive effect of physical activity on blood pressure,
especially on the dipping pattern, did not show any link with the pattern of urinary sodium
excretion circadian rhythm.

This study has some limitations. Firstly, our data refer to people living in the Italian-
speaking part of Switzerland; thus, the results cannot automatically be extrapolated to
the general population. Secondly, as this is an observational study, the results cannot be
used to define causality. Thirdly, the influence of RSNA was not investigated. Fourth,
subjects undergoing diuretic therapy and/or those taking antihypertensive medication
were not excluded. Fifth, the level of physical activity was determined by self-report and
not measured.

A considerable strength of this study is the rigorous method used to collect urine
samples from daytime and nighttime, referring to the individually reported bedtimes
and wake-up times. Furthermore, in this investigation, we used a randomly selected
representative sample of the population under study, considering all the major elements
that could have linked sodium excretion, blood pressure patterns, and physical activity.

5. Conclusions

This pilot study shows that while the day/night urinary sodium excretion ratio
correlates with the blood pressure dipping pattern, physical activity is unrelated to the
circadian rhythm of renal sodium handling. The beneficial effects of physical activity
on blood pressure, blood pressure pattern, and cardiovascular health appear thus to be
mediated through mechanisms other than the urinary sodium excretion circadian rhythm.
These are explorative findings only, but they relativize the need for further investigations
on the topic.
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