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Abstract: The aim of this study was to determine whether, after 8 days of water-only fasting, there
are changes in the efficiency of the lower urinary tract, the concentration of sex hormones, and the
symptoms of prostate diseases in a group of middle-aged men (n = 14). For this purpose, before
and after 8 days of water-only fasting (subjects drank ad libitum moderately mineralized water), and
the following somatic and blood concentration measurements were made: total prostate specific
antigen (PSA-T), free prostate specific antigen (PSA-F), follicle stimulating hormone (FSH), luteotropic
hormone (LH), prolactin (Pr), total testosterone (T-T), free testosterone (T-F), dehydroepiandrosterone
(DHEA), sex hormone globulin binding (SHGB), total cholesterol (Ch-T), β-hydroxybutyrate (β-HB).
In addition, prostate volume (PV), volume of each testis (TV), total volume of both testes (TTV),
maximal urinary flow rate (Qmax), and International Prostate Symptom Score (IPSS) values were
determined. The results showed that after 8 days of water-only fasting, Qmax and IPSS improved
but PV and TTV decreased significantly. There was also a decrease in blood levels of PSA-T, FSH,
P, T-T, T-F, and DHEA, but SHGB concentration increased significantly. These results indicate that
8 days of water-only fasting improved lower urinary tract functions without negative health effects.

Keywords: fasting; men; lower urinary tract; sex hormones

1. Introduction

An important strategy which is often applied to improve individuals’ health status
involves energy restricted dietary intervention. It is also the most widely prescribed
strategy to lose weight [1]. In recent years a new approach to restricted caloric intake
called intermittent fasting has emerged. The clinically important consequences of this
method comprise beneficial health effects in patients either with non-communicable or
chronic diseases [2]. Moderate energy restriction which characterizes the intermittent
fasting has been shown to extend the span life of laboratory animals [3,4]. Moreover, a
favorable impact of calorie restriction diets on longevity was observed in older Okinawa
inhabitants, who gained an additional 6% survival time as compared to other Japanese
inhabitants [5]. Some other human studies on calorie restricted diets provide evidence for
slower aging [6–9]. The most extreme fasting, which is also practiced in some religions, is
based on periodic starvation for several days or longer and water-only fasting, which is
defined as the total abstinence of food except for water. In contrast to the proposed benefits
of calorie restricted strategies for health status, the available data on long-term starvation
are ambiguous. Some results have documented positive effects on hypertension [10]
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rheumatoid arthritis [11], fibromyalgia [12], and chronic pain [13]. However, there is also a
risk of malnutrition arising in such a strategy, especially during medically non-supervised
long-term starvation. In long-term starvation, in addition to weight reduction, there is a
decrease in the weight of individual organs, as well as hormonal and metabolic changes of
various degree [14]. It worth noting that even a mild form of fasting can cause headaches,
fainting, weakness, dehydration, malnutrition, eating disorders, susceptibility to infectious
diseases or moderate organ damage [15]. However, research on the effect of prolonged
starvation in humans is still in the early stage, and there is a lack of studies concerning
the urogenital system. In this field of study some data from the use of a negative energy
balance were obtained in relation to changes in the blood concentrations of sex hormones
and sex hormone binding globulin (SHBG) [16,17], or kidney and lower urinary tract
function [18–21].

It should be noted that disturbances in the fluid and electrolyte balance may have
serious consequences for the proper functioning of the body and may also accompany the
water-only fasting. This issue is clearly emphasized by The World Health Organization
(WHO) for public health [22]. Therefore, the consumption of mineralized waters should
provide a sufficient amount of energy-free minerals/elements [23,24]. It is known that dur-
ing fasting minerals are more easily absorbed from ingested water than from food [25,26].
In general, the beneficial effects of mineral water consumption on changes in blood pres-
sure [27,28], plasma lipid profile [29,30], propensity to lower insulin levels in blood after
meal [30,31] and prevention of undesirable weight gain [32] has been documented.

The effectiveness of urine excretion in men depends, among other factors, on the
occurrence of lower urinary tract symptoms (LUTS). This pathology affects 15–60% of
patients over 40 years of age [33,34]. The LUTS pathogenesis may be associated with one
or more of the following diseases: benign prostate hypertrophy (BPH), prostate cancer,
weakness and/or instability of detrusor bladder muscle, acute or chronic prostatitis, urinary
tract infection, urethral strictures, occurrence of urinary stones, or neurological diseases [35].
However, BPH constitutes the vast majority of LUTS, and their combination occurs in
about 90% of men older than 80 years [36–38]. To diagnose LUTS with accompanying BPH,
and exclude prostate cancer, the following primary and secondary tests are applied: blood
levels of total and free fraction of prostate specific antigen (PSA), suprapubic ultrasound,
transrectal ultrasound, urine flow tests (uroflowmetry), routine urine analysis, and imaging
tests: urography, computed tomography, nuclear magnetic resonance, cystoscopy and, if
prostate cancer is suspected, a biopsy of this gland.

BPH diagnostics can be expanded by determining the International Prostate Symptom
Score (IPSS). At present, the uroflowmetric test and IPSS test are commonly used diag-
nostic tools to assess the severity of LUTS in men with BPH for appropriate therapy [39],
which quantifies, non-invasively, the severity of LUTS, most commonly induced by BPH,
especially in elderly patients [40–45].

The use of the IPSS in the severity of LUTS assessment is justified because a significant
correlation was found between the score of this test and the visual analogue scale (VAS)
applied to measure pain [46].

Physical examination of the external genitalia, and especially the determination of
testicular volume (TTV) and prostate volume (PV), is one of the most important steps in the
examination of patients undergoing urological and andrological assessment. However, to
date, there is no consensus regarding the TTV reference ranges because this variable differs
ethnically, environmentally, and geographically [47,48]. TTV is an important indicator
related to the testes’ capacity for spermio- and spermatogenesis as well as steroidogenesis
(testosterone production) [49]. Importantly, a reduction in TTV is considered as a clinical
symptom of both a decline in semen quality and hypogonadism [50–52].

In the present study by applying clinical guidelines we investigated the impact of
8 days of water-only fasting on the functional efficiency of the lower urinary tract, changes
in sex hormone levels, and the occurrence of symptoms associated with prostate diseases
in healthy middle-aged men.
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2. Materials and Methods
2.1. Participants

Fourteen healthy men (35–60 years old) who used to practice fasting before enrolling
in this study were volunteers taking part in the present investigation.

Their basic demographic characteristics are given in Table 1. They did not smoke
or consume alcohol at all. All participants had current valid medical examinations and
showed no contraindications that would exclude them from the study. They declared
that for at least one month before testing they did not take either medications or dietary
supplements. Before this study all the participants practiced water-only fasting of various
duration. The longest period of fasting previously used by one of the participants was
42 days, while the shortest was 3 days. The number of fasting sessions carried out earlier
by individuals ranged from 3 to 10 (average: 6.50 ± 0.93, median: 6.23) days. Each of them
had not practiced any calorie restricted strategies for at least the last 6 months. Participants
were informed of the nature of the investigation, with a clear statement of the objective
of the research and possible risk. They could withdraw at any time of the study. Written
informed consent was obtained prior to study commencement. The experimental protocol
was approved by the Commission for Ethics of Scientific Research at Jan Dlugosz University
in Częstochowa, Poland, and conformed to the principles presented in the Declaration
of Helsinki.

Table 1. Age and somatic variables of men before and after 8 days of water-only fasting (mean ± SD).

Variables Before After Significance (p) Changes %

Age [years] 49.64 ± 9.30; M = 52.00 —- —-

BW [kg] 79.76 ± 10.85 74.19 ± 10.79 p < 0.001 * 6.92

BH [cm] 178.57 ± 4.62 —- —-

BF [%] 18.91 ± 5.12 17.69 ± 5.67 p < 0.001 * 6.41

BF [kg] 15.55 ± 5.66 13.62 ± 5.59 p < 0.001 * 12.49

FFM [%] 81.08 ± 5.14 82.09 ± 5.57 p < 0.01 * 1.25

FFM [kg] 64.21 ± 5.66 60.44 ± 5.99 p < 0.001 * 5.80

TBW [%] 59.37 ± 3.76 60.26 ± 4.16 p < 0.001 * 1.51

TBW [kg] 47.01 ± 4.14 44.34 ± 4.22 p < 0.001 * 5.64

BMI index
[kg/m2] 25.01 ± 3.35 23.26 ± 3.29 p < 0.001 * 7.01

* t-test; M-median.

2.2. Protocol

Participants were instructed to enrich as much as possible their diet of fresh raw fruits
and vegetables, and steamed starchy vegetables for 3 days before the study was conducted.
They came to the laboratory in the morning, between 8:00 a.m. and 9:30 a.m. after 12 h of a
postprandial state. In the first stage of the study basal demographic (age) and somatic data
were recorded (body height—BH, body weight—BW, body fat—BF, fat-free mass—FFM,
total body water—TBW, and body mass index—BMI) using the Tanita TBF 300A body
composition analyzer (Tanita, Amsterdam, The Netherlands).

Then, venous blood samples were taken in the elbow area while the patient was seated
to measure the level of hormones and metabolites. Part of the blood was collected in EDTA
tubes to obtain plasma, and the other part was left in the tubes to clot at room temperature.
The blood was then centrifuged at 1500× g for 15 min. In plasma, total cholesterol (Ch-T)
and β-hydroxybutyrate (β-HB) were determined immediately. The obtained serum was
aliquoted and stored in tubes at −80 ◦C until later analysis. Concentrations of the following
variables were determined in serum samples: total PSA (PSA-T), free PSA (PSA-F), total
testosterone (T-T), free testosterone (T-F), dehydroepiandrosterone (DHEA), luteotropic
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hormone (LH), follicle stimulating hormone (FSH), prolactin (Pr), sex hormone binding
globulin (SHBG).

Next, after drinking 1 L of water, a uroflowmetry study was carried out (Apparatus
Flomex, Jepal Company) during which maximum urinary flow rate (Qmax) was measured.
In the next stage of the study, the size of the prostate (PV) was assessed by ultrasound
(PV-USG) and transrectal ultrasound (PV-TRUS) using the Aloka F 31, Hitachi. The volume
of each testicle (TV) was assessed by ultrasound apparatus (Aloka F 31, Hitachi) using
the ultrasonographic formula: TV = length (L) × width (W) × height (H) × 0.52. After a
15-min rest period, the International Prostate Symptoms Score (IPSS) was determined.

After 8 days of water-only fasting, during which the subjects consumed mineral water
with an average mineral content ad libitum, the above-mentioned research procedures
were repeated.

Following the fasting, subjects were instructed to start the refeeding period begin-
ning with juices and followed by gradual introduction of solid plant foods, and gradual
reintroduction of light intensity exercises as well.

During 8 days of water-only fasting and 7 days of refeeding the subjects were moni-
tored once a day by a clinician. In addition, they were encouraged to contact the medical
team by phone if necessary.

2.3. Assays

Concentrations of PSA-T, PSA-F, T-T, Pr, FSH, LH, and SHBG were determined by
the chemiluminescence method using the ALINITY apparatus and a set of reagents from
ABBOTT, GmbH & Co. KG, Wiesbaden, Germany. The concentration of T-F was deter-
mined by the ELISA method using a NovaTec reagent kit and a Virclia apparatus. DHEA
concentration was determined by the ELISA method using a diagnostic kit from DBC
(Diagnostic Biochem, Canada Inc., London, ON, Canada) and Euroimmun Analyzer I. Ch-T
concentration was determined spectrophotometrically in plasma using a reagent kit from
Spinreact, SA./S.A.U. (Spain) and β-HB concentration was determined using the RANBUT
diagnostic kit from Randox, Laboratories Ltd., Crumlin, UK.

2.4. Data and Statistical Analysis

The results are given as mean values with standard deviation (±SD). The Shapiro-Wilk
test was carried out to verify the distribution of variables. To assess the differences between
the variables of the examined group, tests for paired values were used: parametric by t-test
and non-parametric by Wilcoxon test.

Tests were established with a 95% confidence interval and differences at p < 0.05 were
considered statistically significant. Statistical analyses were performed using STATISTICA
12.0 software (StatSoft, Kraków, Poland).

3. Results

The basic anthropometric characteristics for all participants are presented in Table 1,
including a presentation before and after 8 days of water-only fasting.

The results obtained after the application of the fasting indicate significant changes
in relation to the values measured when taking a normal diet by the subjects in almost all
variables, except age and height.

The average BMI value of the observed participants before the applied fasting was on
the borderline between normal and overweight. However, after 8 days of water-only fasting,
this value was definitely in the reference range for normal body weight (18.5–24.9 kg/m2).
The biggest changes caused by fasting occurred in the reduction of absolute body fat
(12.49%) and the smallest in the increase of relative water content (1.51%).

Plasma concentrations of PSA-T, FSH, prolactin, T-T, T-F, and DHEA occurring after
the applied fasting were significantly reduced compared to the values determined before
fasting. At the same time, hunger intervention resulted in a significant increase in SHBG
and β-HB (p < 0.001) in plasma without changing PSA-F, LH, and Ch-T. The greatest change
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was in the concentration of β-HB (p < 0.001), which as a result of the fasting used increased
by ~1617%, while the smallest change occurred in relation to Ch-T, whose concentration
increased by 5.8%, and this change was not statistically significant. The Ch-T concentration
in both samples markedly exceeded the upper borderline levels, but the other variables
included in Table 2 were in the reference range.

Table 2. Hormonal and biochemical variables of men before and after 8 days of water-only fasting (mean ± SD).

Variables Before After Significance (p) % Change Male Reference Values

PSA-T [ng/mL] 1.06 ± 0.97 0.67 ± 0.29 p < 0.001 ** 36.73 30–39 years; 0.2–2.1
55–59 years; 0.3–3.5

PSA-F [ng/mL] 0.31 ± 0.16 0.24 ± 0.10 NS ** 22.61 0.0–0.5

FSH [IU/mL] 5.96 ± 6.47 4.97 ± 5.84 p < 0.01 ** 16.67 0.95–11.95

LH [IU/mL] 4.03 ± 2.51 3.61 ± 1.39 NS ** 10.40 0.57–12.07

Pr [ng/mL] 8.86 ± 3.61 6.77 ± 3.43 p < 0.05 * 23.54 3.46–19.40

T-T [ng/dL] 594.89 ± 216.58 385.45 ± 167.65 p < 0.001 * 35.27 21–49 years; 240.24–871.68
>50 years; 221–716

T-F [pg/mL] 14.82 ± 5.60 10.71 ± 3.63 p < 0.05 * 27.68 19–55 years; 1.0–28.28
>55 years; 0.7–21.45

SHBG [nmol/l] 51.68 ± 29.61 69.16 ± 29.83 p < 0.001 ** 25.21 13.5–71.4

DHEA [ng/mL] 3.39 ± 2.23 2.64 ± 1.03 p < 0.05 ** 22.14 1.2–6.30

Ch-T [mg/dL] 212.214 ± 60.00 225.28 ± 76.21 NS ** 5.8 <200

β-HB [mmol/l] 0.29 ± 0.20 4.69 ± 0.68 p < 0.001 ** 1617.11 0.03–0.3

* t-test; ** Wilcoxon test.

As a result of the fasting used, PV-USG, PV-TRUS, TV-left, TV-right, TTV, and IPSS
were statistically significantly reduced, while Qmax increased significantly. The total
pre-fasting IPSS values were in the moderate reference range (8–19) and after this acute
intervention they improved significantly (p < 0.001) and were in the mild range (1–7) but
the other variables contained in Table 3 were in the correct reference range.

Table 3. Prostate, testicle volumes and functional variables of urogenital system of men before and after 8 days of the
water-only fasting (mean ± SD).

Variables Before After Significance (p) % Change Male Reference Values

PV-USG [cm3] 30.65 ± 9.00 18.72 ± 5.07 p < 0.001 * 38.98 ~20 g, men 21–30 years old

PV-TRUS [cm3] 29.54 ± 8.63 16.78 ± 5.21 p < 0.001 * 43.16 ~20 g, men 21–30 years old

Qmax [ml/s] 19.78 ± 4.59 27.00 ± 5.49 p < 0.001 * 26.71 >15

TV-left [cm3] 21.48 ± 5.48 15.55 ± 4.59 p < 0.001 * 27.66 >11

TV-right [cm3] 21.00 ± 7.19 18.83 ± 6.44 p < 0.01 * 10.29 >11

TTV [cm3] 41.78 ± 12.97 34.38 ± 10.16 p < 0.001 * 17.72 >20

IPSS [score] 8.50 ± 3.32 3.78 ± 1.53 p < 0.001 * 55.53 <7.0

* t-test.

Comparison of the values before and after the applied fasting showed that the largest
range of changes occurred in relation to IPSS (p < 0.001), and was 55.53%, while the smallest
was 10.29% (p < 0.01) in the case of TV-right.
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4. Discussion

Ketosis, which is characterized by blood elevation of D-β-hydroxybutyrate and ace-
toacetate, is a metabolic hallmark of starvation. Acetone, which is also a residue of ketogen-
esis, is most of all an excretory product whereas aforementioned dimers of acetyl coenzyme
A serve as a transportable form of energy and within a cell are converted to acetyl CoA for
delivery of ATP. During long-term starvation ketone bodies can reach ~25 mM in blood,
causing depletion of bicarbonate near to zero [53]. The consequence of these changes is
severe metabolic acidosis accompanied by hypovolemia and loss of sodium and potas-
sium, which untreated inevitably results in death. However, during shorter starvation
periods, as applied in our study, the body develops mild ketosis, stable for several weeks,
which delivers the only available substrates alternative to glucose in these conditions for
the central nervous system and other cells dependent on glucose metabolism as well as
preserving muscle mass from protein loss [54–57]. Importantly, during recent years a
body of evidence indicates that mild ketosis reveals therapeutic potential in a variety of
disease states [10,12,58–61]. In this study, in which water-only fasting induced mild ketosis
(Table 2), we examined whether such conditions might elicit beneficial health effects on the
functioning of the urogenital system of healthy middle-aged men. This research paradigm
revealed the following new accomplishments which can be considered as favorable for a
functioning urogenital system: (1) improvement of the function of the lower urinary tract,
as the Qmax was significantly increased and the IPSS was significantly reduced (compared
to the values recorded before fasting), (2) the reduction in the volume of the prostate and
the volume of the testicles, which in the case of the prostate may be associated with lesser
pressure on the urethra, (3) reduced, but still maintained within physiological ranges,
concentrations of PSA-T, FSH, Pr, T-T, T-F, and DHEA and increased SHBG in the serum
within the physiological limits, which may be considered as a beneficial phenomenon
related to the efficiency of the body’s hormonal balance, and (4) weight loss accompanied
by increase of the lean body mass. It worth noting that the positive effects of 8 days of the
water-only fasting on the urogenital system were induced in individuals with no symptoms
of diseases. Moreover, as indicated by population-based studies, the prevalence of urogeni-
tal pathologies has become a new social problem. For example, it was found in a sample of
508 Canadian men that 23% of individuals over the age of 50 years had moderate or severe
symptoms of BPH [62]. Another survey conducted in more than 1000 American men at the
same age as mentioned above revealed that about a quarter of the respondents suffered
from moderate to severe LUTS and 55% had prostate enlargement [63]. Furthermore, a
United Kingdom study in 1992–2001 revealed that the incidence of LUTS was 3.5% in
patients aged 45–49 years and 15% in those aged 60–69 years, and the incidence increased
to over 30% in patients over 85 years of age [64]. Furthermore, in Swedish men aged 45–79,
18.5% had moderate and 4.8% had severe symptoms of LUTS [65].

4.1. Changes in Maximum Urinary Flow Rate

The most clinically useful measurement of urodynamic changes is the maximum
urinary flow rate (Qmax). This test is simple and noninvasive, and can be performed in a
urologist’s consulting room [66]. Uroflowmetry is an optional test in treatment of patients
with BPH and is typically used for diagnosis of older patients with LUTS [67]. Another
factor which can affect urinary flow rate and complicates interpretation of uroflowmetry
results is detrusor failure. By applying this technique, we demonstrated that 8 days of water-
only fasting substantially improved urinary flow rate in our participants. The average
values of this variable significantly exceeded the results obtained in the study conducted by
Tiwari et al. [68] in men aged 48–95 years (mean Qmax ~ 13.2 mL/s). An increase in Qmax
after 8 days of water-only fasting should be combined with a simultaneous decrease in PV,
whose hypertrophy limits Qmax and is one of the disease symptoms found in LUTS [40–42].
Values of Qmax within the physiological range were also observed in men after resection
of the prostate, which also indicates the causal relationship between the two variables [69].



Nutrients 2021, 13, 113 7 of 13

The above-described beneficial changes in the lower urinary tract are in agreement
with IPSS values of our subjects, which indicate reduced feeling of discomfort in the
lower urinary tract after 8 days of water-only fasting (before 8.5 and after 4). IPSS within
1–7 indicates mild, and within 8–19 moderate, LUTS [68]. The usefulness of using the
IPSS in assessing urination efficiency was confirmed by Bosch et al. [41], who observed
a correlation between IPSS results and PV. Similarly, Heyns et al. [70] found a significant
negative correlation between IPSS and Qmax (p = 0.016). To summarize, an improvement
in the function of the lower urinary tract after 8 days of water-only fasting is expressed
by an increase in Qmax associated with a decrease in PV, and simultaneous improvement
of IPSS.

4.2. Changes in Testicular and Prostate Volume

The size of the prostate (PV) was determined by ultrasound (PV-USG) or transrectal
ultrasound (PV-TRUS) techniques. In a young men aged 21–30 years this variable is on
average 20 g and remains constant with increasing age unless BPH symptoms develop [71].
It has been assumed that the BPH develops when the prostate reaches size >30 g. Before
fasting, the size of the prostate in our participants measured by means of PV-USG and
PV-TRUS fluctuated around 30 mL. It means that at least some subjects suffered from
LUTS, which was confirmed in the IPSS, although Q max did not deviate from reference
values. The 8 days of water-only fasting significantly reduced PV-TRUS and PV-USG,
which ranged between 16 and 19 mL. Moreover, at the same time Qmax and IPSS were
within the range which did not indicate development of BPH.

In clinical practice the current volume of the testicles after ultrasound examination is es-
timated using one of three formulas: (1) TV = length (L) × width (W) × height (H) × 0.52;
(2) TV = L × W2 × 0.52; (3) TV = L × W × H × 0.71. It is commonly accepted that
the formula TV = L × W × H × 0.71 is the most accurate [72]. However, most of
the current ultrasound devices calculate the volume of the testicle using the formula
TV = L × W × H × 0.52. In our research, formula 1 was used to calculate these volumes.
Both TV and TTV before and after the 8 days of water-only fasting remained within physio-
logical limits despite their significant reduction after this intervention. It is considered that
TV should be >11 mL and TTV > 20 mL, and volumes below these limits indicate features
of hypogonadism [73,74]. Testicular volume is relatively constant after adolescence, but
begins to decline from the 8th decade of life [74,75]. This variable is also affected by the
environment and ethnic factors [76–79]. However, this possibility must be rejected in the
case of our subjects. This is because the group was ethnically and environmentally homo-
geneous. Moreover, because all the studied subjects were fertile, none of them suffered
from LUTS, both TV and TTV were within the recommended range, and none of them had
reached the 8th decade of life, it should be assumed that the structure and functions of their
testicles were physiologically correct and the applied 8-day water-only fasting intervention
did not influence them negatively.

The following variables are in line with the above-mentioned suggestion: semen
volume, total sperm count, total motile sperm count, sperm density. These variables are
under control of testosterone, FSH and LH, whose blood levels in our subjects were within
the physiological range before and after the fasting intervention [50,51,80–83]. It has also
been reported that normal sperm density and total sperm counts were observed in patients
with TTV greater than 20 mL [80]. It is also suggested that selective use of TTV as a fertility
criterion is not very reliable, and a more effective indicator of male fertility is testicular
heterogeneity detected by ultrasound examination [84].

The reduction in the testicular and prostate volume in our study was accompanied by
a significant decrease in body weight and plasma testosterone levels, which was previously
observed by Trumble et al. [85] and Filkenstein et al. [86].

The body water content decreased by 5.64% and adipose tissue was reduced by 12.49%.
All these phenomena can affect the physiological state of both the testes and prostate after
8 days of water-only fasting. However, with the applied measurements in our study it
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is difficult to estimate to what extent the reduction in the testicular and prostate volume
resulted from dehydration or from the loss of adipose tissue. It is known that both these
organs contain significant amounts of water; therefore, one may speculate that the reduction
in their volume was mainly due to the loss of body fluids. This process could be accelerated
as a result of metabolic acidosis generated by water-only fasting ketogenesis, which is
known to be intensified during prolonged starvation [87]. In the present study PV-USG and
PV-TRUS decreased by ~39–43% each, and in the case of TTV by 18%. A similar effect was
observed in other organs after 3 weeks of caloric restriction (50% of energy demand). The
observed reduction of liver volume was 13% and kidneys 8% with simultaneous reduction
of 7.55% of body weight [14].

In modern societies many people consume too little water which is accompanied
by a high intake of salt (Na+). It can lead to hypovolemia. If these changes persist over
time, it can lead to chronic kidney disease (CKD) [88]. Interestingly, hypovolemia was also
observed during starvation [89]. It implies that patients with CKD should avoid starvation
because this disease may be associated is associated with hypovolemia. It means, that
patients with CKD should be recommended to consume “normal” amounts of moderately
mineralized water.

4.3. Impact of Hormone Changes on Testicular Volume Prostate Volume and Maximum Urinary
Flow Rate

Prolonged fasting significantly influences fertility as well as metabolic and reproduc-
tive hormones [90]. The main effect of fasting on the hypothalamic-pituitary axis is the
decreased secretion of gonadotropins and prolactin, which was also observed in our study
by a significant decrease in serum FSH and Pr levels after 8 days of water-only fasting.
The lack of changes in LH level after 8 days of water-only fasting may more likely be
attributed to its stronger stimulation in conditions of plasma testosterone reduction (by
35.27%) than by an inhibitory hypothalamic-pituitary effect [91]. It should also be empha-
sized that the significant reduction in FSH level but still within physiological limits that
occurred in our study after 8 days of the water-only fasting may cause significant changes
in the urogenital system, as this variable was found to correlate with TV and efficacy of
spermatogenesis, especially in normozoospermia [92–94] and with histochemical structure
of the testicles [95]. In other studies, it was found that in people with testes smaller than
14 mL, blood testosterone levels were below the physiological range [82]. Some authors
postulate that the decrease in testosterone levels during starvation is due to the lack of fat
supply to the body [96,97]. It should be mentioned here that cholesterol is a precursor of
steroid hormones, [98,99]. Surprisingly, there were no changes in blood cholesterol level in
our subjects after 8 days of water-only fasting. Thus, other unknown factors affect serum
cholesterol levels in addition to dietary cholesterol intake. Taking into account these data,
it is worth considering the serum concentration of SHBG, whose level was increased after
water-only fasting. This creates the possibility of a larger amount of bound testosterone
and thereby maintaining its bioavailability at a constant physiological level.

Serum PSA determination is used for prostate cancer screening and diagnosis [100]
despite its well-known variability in response of various stimuli, for example physical stim-
ulation of the prostate gland, the use of laboratory procedures, semen ejaculation, and vari-
ous diseases. Thereby its serum levels may vary essentially in the baseline values [101–103].
Its concentration during the first 16 h of fasting is unchanged [104]. The water-only fasting
significantly decreased serum PSA-T concentration measured under standard conditions
in our individuals, which was accompanied by a decrease in PV and an increase in Qmax.
These changes can be considered as a positive health effect. On the other hand, under the
conditions of BPH or prostatitis, the prostate volume increases and Qmax is reduced [101].
It has also been shown that in men with the metabolic syndrome, an increase in the volume
of the prostate was accompanied by an increase in PSA concentration [105]. Therefore, the
question arises whether the use of water-only fasting can be a therapeutic factor in at least
some diseases of the lower urinary tract.
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Taking into account the positive changes in the results of the uroflowmetry test, the
volume of the testes and prostate, metabolic and reproductive hormones related to the
urogenital system, and the improvement of the quality of life of the studied men after 8
days of water-only fasting, systematic use of caloric restriction or the use of intermittent or
continuous fasting of short duration should be considered, as a method of prophylaxis or
health therapy.

In clinical practice, the ratio of free PSA/total PSA is used as a more reliable tool to
diagnose patients with prostate cancer or BPH [106]. In our study, the PSA-F concentration
decreased, but not significantly, in serum after 8 days of water-only fasting.

In summary, 8 days of water-only fasting had a strong influence on the hormones
regulating reproduction, in particular in the hypothalamic-pituitary-gonadal axis, with
simultaneous reduction of TV, TTV, and PV, which resulted in improved functions of the
lower urinary tract.

5. Conclusions

In the present research, a healthy homogeneous group of men representing a similar
lifestyle practiced 8 days of water-only fasting. This created conditions with lack of
stimulants, which could significantly affect the reliability of the results. The study showed
that 8 days of the water-only fasting improved the function of the lower urinary tract as
manifested by significant changes in Qmax, IPSS, and PV. The reduction in the volume
of PV, TTV and body weight due to the applied intervention was probably to a large
extent associated with dehydration induced by the simultaneous development of ketosis.
However, it is unclear whether the simultaneous reduction in TTV and hormones regulating
reproduction during 8 days of water-only fasting could alter testicular function. It requires
further investigations.
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University in Częstochowa (resolution number KB-U/1/2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in the current study are not publicly available
due to the stipulations related to privacy and confidentiality. However, the data are available upon
request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Julia, C.; Peneau, S.; Andreeva, V.A.; Mejean, C.; Fezeu, L.; Galan, P.; Hercberg, S. Weight-loss strategies used by the general

population: How are they perceived? PLoS ONE 2014, 9, e97834. [CrossRef] [PubMed]
2. de Cabo, R.; Mattson, M.P. Effects of intermittent fasting on health, aging, and disease. N. Engl. J. Med. 2019, 383, 2541–2551.

[CrossRef] [PubMed]
3. Weindruch, R.; Sohal, R.S. Caloric intake and aging. N. Engl. J. Med. 1997, 337, 986–994. [CrossRef] [PubMed]
4. Weindruch, R.; Walford, R.L. The Retardation of Aging and Disease by Dietary Restriction; Charles, C., Ed.; Thomas: Springfield, IL,

USA, 1988.
5. Willcox, B.J.; Willcox, D.C. Caloric restriction, CR Mimetics, and healthy aging in Okinawa: Controversies and clinical implications.

Curr. Opin. Clin. Nutr. Metab. Care 2014, 17, 51–58. [CrossRef]
6. Bartke, A.; Wright, J.C.; Mattison, J.A.; Ingram, D.K.; Miller, R.A.; Roth, G.S. Extending the lifespan of long-lived mice. Nature

2001, 414, 412. [CrossRef]
7. Gredilla, R.; Barja, G. The role of oxidative stress in relation to caloric restriction and longevity. Endocrinology 2005, 146, 3713–3717.

[CrossRef]

http://doi.org/10.1371/journal.pone.0097834
http://www.ncbi.nlm.nih.gov/pubmed/24852440
http://doi.org/10.1056/NEJMra1905136
http://www.ncbi.nlm.nih.gov/pubmed/31881139
http://doi.org/10.1056/NEJM199710023371407
http://www.ncbi.nlm.nih.gov/pubmed/9309105
http://doi.org/10.1097/MCO.0000000000000019
http://doi.org/10.1038/35106646
http://doi.org/10.1210/en.2005-0378


Nutrients 2021, 13, 113 10 of 13

8. Heilbronn, L.K.; Ravussin, E. Calorie restriction and aging: Review of the literature and implications for studies in humans. Am.
J. Clin. Nutr. 2003, 78, 361–369. [CrossRef]

9. Weiss, E.P.; Fontana, L. Caloric restriction: Powerful protection for the aging heart and vasculature. Am. J. Physiol. Heart Circ.
Physiol. 2011, 301, 1205–1219. [CrossRef]

10. Goldhamer, A.C.; Lisle, D.J.; Parpia, B.; Anderson, S.V.; Campbell, T.C. Medically supervised water-only fasting in the treatment
of hypertension. J. Manip. Physiol. Ther. 2001, 24, 335–339. [CrossRef]

11. Muller, H.; de Toledo, F.W.; Resch, K.L. Fasting followed by vegetarian diet in patients with rheumatoid arthritis: A systematic
review. Scand. J. Rheumatol. 2001, 30, 1–10. [CrossRef]

12. Michalsen, A.; Li, C.; Kaiser, K.; Ludtke, R.; Meier, L.; Stange, R.; Kessler, C. In-patient treatment of fibromyalgia: A controlled
nonrandomized comparison of conventional medicine versus integrative medicine including fasting therapy. Evid. Based.
Complement. Med. 2013, 2013, 908610. [CrossRef] [PubMed]

13. Michalsen, A.; Kuhlmann, M.K.; Ludtke, R.; Backer, M.; Langhorst, J.; Dobos, G.L. Prolonged fasting in patients with chronic pain
syndromes leads to late mood-enhancement not related to weight loss and fasting-induced leptin depletion. Nutr. Neurosci. 2006,
9, 195–200. [CrossRef] [PubMed]

14. Müller, M.J.; Enderle, J.; Pourhassan, M.; Braun, W.; Eggeling, B.; Lagerpusch, M.; Glüer, C.C.; Kehayias, J.J.; Kiosz, D.; Bosy-
Westphal, A. Metabolic adaptation to caloric restriction and subsequent refeeding: The Minnesota Starvation Experiment revisited.
Am. J. Clin. Nutr. 2015, 102, 807–819. [CrossRef]

15. Horne, B.D.; Muhlestein, J.B.; Anderson, J.L. Health effects of intermittent fasting: Hormesis or harm? A systematic review. Am. J.
Clin. Nutr. 2015, 102, 464–470. [CrossRef]

16. Brick, D.J.; Gerweck, A.V.; Meenaghan, E.; Lawson, E.A.; Misra, M.; Fazeli, P.; Johnson, W.; Klibanski, A.; Miller, K.K. Determinants
of IGF1 and GH across the weight spectrum: From anorexia nervosa to obesity. Eur. J. Endocrinol. 2010, 163, 185–191. [CrossRef]

17. Bove, R.M.; Brick, D.J.; Healy, B.C.; Mancuso, S.M.; Gerweck, A.V.; Bredella, M.A.; Sherman, J.C.; Miller, K.K. Metabolic and
endocrine correlates of cognitive function in healthy young women. Obesity (Silver Spring) 2013, 21, 1343–1349. [CrossRef]

18. Ruggenntii, P.; Abbate, M.; Ruggiero, B.; Rota, S.; Trillini, M.; Aparicio, C.; Parvanova, A.; Iliev, I.P.; Pisanu, G.; Perna, A.;
et al. Study Group. Renal and systemic effects of calorie restriction in patients with type diabetes with abdominal obesity: A
randomized controlled trial. Diabetes 2017, 66, 75–86. [CrossRef]

19. Sikorska, D.; Grzymisławska, M.; Roszak, M.; Gulbicka, P.; Korybalska, K.; Witowski, J. Simple obesity and renal function. J.
Physiol. Pharmacol. 2017, 68, 175–180.

20. Kanda, E.; Muneyuki, T.; Suwa, K.; Nakajima, K. Effects of weight loss speed on kidney function differ depending on body mass
index in nondiabetic healthy people: A prospective cohort. PLoS ONE 2015, 10, e0143434. [CrossRef]

21. Friedman, A.N.; Ogden, L.G.; Foser, G.D.; Klein, S.; Stein, R.; Miller, B.; Hill, J.O.; Brill, C.; Bailer, B.; Rosenbaum, D.R.; et al.
Comparative effects of low-carbohydrate high protein versus low fat diets on kidney. Clin. J. Am. Soc. Nephrol. 2012, 7, 1103–1111.
[CrossRef]

22. World Health Organization. Calcium and Magnesium in Drinking-Water. Public Health Significance; WHO Press: Geneva, Switzerland,
2009.

23. Sabatier, M.; Grandvuillemin, A.; Kastenmayer, P.; Aeschliman, J.M.; Bouisset, F.; Arnaud, M.J.; Dumoulin, G.; Berthelot, A.
Influence of the consumption pattern of magnesium from magnesium-rich mineral water on magnesium bioavailability. Br. J.
Nutr. 2011, 106, 331–334. [CrossRef] [PubMed]

24. Bacciottini, L.; Tanini, A.; Falchetti, A.; Masi, L.; Franceschelli, F.; Pampaloni, B.; Giorgi, G.; Brandi, M.L. Calcium bioavailability
from a calcium-rich mineral water, with some observations on method. J. Clin. Gastroenterol. 2004, 38, 761–766. [CrossRef]
[PubMed]

25. Galan, P.; Arnaud, M.J.; Czernichow, S.; Delabroise, A.M.; Preziosi, P.; Bertrais, S.; Franchisseur, C.; Maurel, M.; Favier, A.;
Hercberg, S. Contribution of mineral waters to dietary calcium and magnesium intake in a French adult population. J. Am. Diet.
Assoc. 2002, 102, 1658–1662. [CrossRef]

26. Karagulle, O.; Kleczka, T.; Vidal, C.; Candir, F.; Gundermann, G.; Kulpmann, W.R.; Gehrke, A.; Gutenbrunner, C. Magnesium
absorption from mineral waters of different magnesium content in healthy subjects. Forsch. Komplementmed. 2006, 13, 9–14.
[CrossRef]

27. Luft, F.C.; Zemel, M.B.; Sowers, J.A.; Fineberg, N.S.; Weinberger, M.H. Sodium bicarbonate and sodium chloride: Effects on blood
pressure and electrolyte homeostasis in normal and hypertensive man. J. Hypertens. 1990, 8, 663–670. [CrossRef]

28. Rylander, R.; Tallheden, T.; Vormann, J. Magnesium intervention and blood pressure—A study on risk groups. Open J. Prev. Med.
2012, 2, 23–26. [CrossRef]

29. Schoppen, S.; Perez-Granados, A.M.; Carbajal, A.; Oubina, P.; Sanchez-Muniz, F.J.; Gomez-Gerique, J.A.; Vaquero, M.P. A
sodium-rich carbonated mineral water reduces cardiovascular risk in postmenopausal women. J. Nutr. 2004, 134, 1058–1063.
[CrossRef]

30. Toxqui, L.; Vaquero, M.P. An Intervention with Mineral Water Decreases Cardiometabolic Risk Biomarkers. A Crossover,
Randomised, Controlled Trial with Two Mineral Waters in Moderately Hypercholesterolaemic Adults. Nutrients 2016, 8, 400.
[CrossRef]

31. Toxqui, L.; Perez-Granados, A.M.; Blanco-Rojo, R.; Vaquero, M.P. A sodium-bicarbonated mineral water reduces gallbladder
emptying and postprandial lipaemia: A randomised four-way crossover study. Eur. J. Nutr. 2012, 51, 607–614. [CrossRef]

http://doi.org/10.1093/ajcn/78.3.361
http://doi.org/10.1152/ajpheart.00685.2011
http://doi.org/10.1067/mmt.2001.115263
http://doi.org/10.1080/030097401750065256
http://doi.org/10.1155/2013/908610
http://www.ncbi.nlm.nih.gov/pubmed/23431352
http://doi.org/10.1080/10284150600929656
http://www.ncbi.nlm.nih.gov/pubmed/17263085
http://doi.org/10.3945/ajcn.115.109173
http://doi.org/10.3945/ajcn.115.109553
http://doi.org/10.1530/EJE-10-0365
http://doi.org/10.1002/oby.20212
http://doi.org/10.2337/db16-0607
http://doi.org/10.1371/journal.pone.0143434
http://doi.org/10.2215/CJN.11741111
http://doi.org/10.1017/S0007114511001139
http://www.ncbi.nlm.nih.gov/pubmed/21473800
http://doi.org/10.1097/01.mcg.0000139031.46192.7e
http://www.ncbi.nlm.nih.gov/pubmed/15365401
http://doi.org/10.1016/S0002-8223(02)90353-6
http://doi.org/10.1159/000090016
http://doi.org/10.1097/00004872-199007000-00010
http://doi.org/10.4236/ojpm.2012.21004
http://doi.org/10.1093/jn/134.5.1058
http://doi.org/10.3390/nu8070400
http://doi.org/10.1007/s00394-011-0244-x


Nutrients 2021, 13, 113 11 of 13

32. Corradini, S.G.; Ferri, F.; Mordenti, M.; Iuliano, L.; Siciliano, M.; Burza, M.A.; Sordi, B.; Caciotti, B.; Pacini, M.; Poli, E.;
et al. Beneficial effect of sulphate-bicarbonate-calcium water on gallstone risk and weight control. World J. Gastroenterol. 2012,
18, 930–937. [CrossRef]

33. Parsons, J.K. Benign prostatic hyperplasia and male lower urinary tract symptoms: Epidemiology and risk factors. Curr. Bladder.
Dysfunct. Rep. 2010, 5, 212–218. [CrossRef] [PubMed]

34. Skolarikos, A.; Thorpe, A.; Neal, D. Lower urinary tract symptoms and benign prostatic hyperplasia. Minerva Urol. Nefrol. 2004,
56, 109–122. [PubMed]

35. Barbieri, M.; Ragno, E.; Benvenuti, E.; Zito, G.A.; Corsi, A.; Ferrucci, L.; Paolisso, G. New aspects of the insulin resistance
syndrome: Impact on haematological parameters. Diabetologia 2001, 44, 1232–1237. [CrossRef] [PubMed]

36. Grossfeld, G.D.; Coakley, F.V. Benign prostatic hyperplasia: Clinical overview and value of diagnostic imaging. Radiol. Clin.
North. Am. 2000, 38, 31–47. [CrossRef]

37. Girman, C.J. Population-based studies of the epidemiology of benign prostatic hyperplasia. Br. J. Urol. 1998, 82, 34–43. [CrossRef]
38. Thorpe, A.; Neal, D. Benign prostatic hyperplasia. Lancet 2003, 361, 1359–1367. [CrossRef]
39. Roehrborn, C.G. BPH progression: Concept and key learning from MTOPS. ALTESS, COMBAT and ALF-ONE. BJU Int. 2008,

101, 17–21. [CrossRef]
40. Wadie, B.S.; Badawi, A.M.; Ghoneim, M.A. The relationship of the International Prostate Symptom Score and objective parameters

for diagnosing bladder outlet obstruction. Part II: The potential usefulness of artificial neural networks. J. Urol. 2001, 165, 35–37.
[CrossRef]

41. Bosch, J.L.; Hop, W.C.; Kirkels, W.J.; Schröder, F.H. The International Prostate Symptom Score in a community-based sample of
men between 55 and 74 years of age: Prevalence and correlation of symptoms with age, prostate volume, flow rate and residual
urine volume. Br. J. Urol. 1995, 75, 622–630. [CrossRef]

42. Eckhardt, M.D.; van Venrooij, G.E.; Boon, T.A. Symptoms and quality of life versus age, prostate volume, and urodynamic
parameters in 565 strictly selected men with lower urinary tract symptoms suggestive of benign prostatic hyperplasia. Urology
2001, 57, 695–700. [CrossRef]

43. Van der Walt, C.L.E.; Heyns, C.F.; Groeneveld, A.E.; Edlin, R.S.; van Vuuren, S.P.J. Prospective comparison of a new visual
prostate symptoms score versus the international prostate symptoms score in men with lower urinary tract symptoms. Urology
2011, 78, 17–20. [CrossRef] [PubMed]

44. Graves, S.; Cornu, J.N.; Gacci, M.; Gratzke, C.; Hermann, T.R.W.; Mamoulakis, C.; Rieken, M.; Speakman, M.J.; Tikkinen,
K.A.O. European association of urology guidelines panel non-neurogenic male lower urinary tract symptoms. Eur. Urol. 2019,
67, 1099–1109.

45. Gupta, D.K.; Gupta, S.; Jha, N. Correlation between visual prostate symptom score and uroflowmetry parameters in patients with
benign enlargement of prostate. J. Nepalgunj. Med. Coll. 2015, 13, 2–5. [CrossRef]

46. Teillac, P.; Rozet, F.; Terrier, N.; Mongiat-Artus, P.; Rambeaud, J.J. Value of a visual analogue scale for evaluation of the severity of
symptoms of benign prostate hyperplasia (BPH): Pilot study of 2 urological centres. Prog. Urol. 2004, 14, 493–500. [PubMed]

47. Lotti, F.; Maggi, M. Ultrasound of the male genital tract in relation to male reproductive health. Hum. Update 2015, 21, 56–83.
[CrossRef] [PubMed]

48. Nieschlag, E.; Behre, H.M.; Nieschlag, S. Andrology: Male Reproductive Health and Dysfunction; Springer: Berlin/Heidelberg,
Germany, 2009; p. 629.

49. Ruiz-Olvera, S.F.; Rajmil, O.; Sanchez-Curbelo, J.R.; Vinay, J.; Rodriguez-Espinosa, J.; Ruiz-Castane, E. Association of serum
testosterone levels and testicular volume in adult patients. Andrologia 2018, 50, e12933. [CrossRef]

50. Lenz, S.; Giwercman, A.; Elsborg, A.; Cohr, K.H.; Jelnes, J.E.; Carlsen, E.; Skakkebaek, N.E. Ultrasonic testicular texture and size
in 444 men from the general population: Correlation to semen quality. Eur. Urol. 1993, 24, 231–238. [CrossRef]

51. Lenz, S.; Thomsen, J.K.; Giwercman, A.; Hertel, N.T.; Hertz, J.; Skakkebaek, N.E. Ultrasonic texture and volume of testicles in
infertile men. Hum. Reprod. 1994, 9, 878–881. [CrossRef]

52. Sakamoto, H.; Yajima, T.; Nagata, M.; Okumura, T.; Suzuki, K.; Ogawa, Y. Relationship between testicular size by ultrasonography
and testicular function: Measurement of testicular length, width, and depth in patients with infertility. Int. J. Urol. 2008,
15, 529–533. [CrossRef]

53. Volek, J.S.; Phinney, S.D. Art and Science of Low Carbohydrate Living; Beyond Obesity, LLC: Miami, FL, USA, 2011.
54. Johnstone, A.M.; Horgan, G.W.; Murison, S.D.; Bremner, D.M.; Lobley, G.E. Effects of a high-protein ketogenic diet on hunger,

appetite, and weight loss in obese men feeding ad libitum. Am. J. Clin. Nutr. 2008, 87, 44–55. [CrossRef]
55. Sansone, M.; Sansone, A.; Borrione, P.; Romanelli, F.; Di Luigi, L.; Paolo Sgrò, P. Effects of Ketone Bodies on Endurance Exercise.

Curr. Sports Med. Rep. 2018, 17, 444–453. [CrossRef]
56. Millward, D.J.; Garlick, P.J.; Nnanyelugo, D.O.; Waterlow, J.C. The relative importance of muscle protein synthesis and breakdown

in the regulation of muscle mass. Biochem. J. 1976, 156, 185–188. [CrossRef]
57. Bourguignon, A.; Rameau, A.; Toullec, G.; Romestaing, C.; Roussel, D. Increased mitochondrial energy efficiency in skeletal

muscle after long-term fasting: Its relevance to animal performance. J. Exp. Biol. 2017, 220, 2445–2451. [CrossRef]
58. Kjeldsen-Kragh, J.; Haugen, M.; Borchgrevink, C.F.; Laerum, E.; Eek, M.; Mowinkel, P.; Hovi, K.; Forre, O. Controlled trial of

fasting and one-year vegetarian diet in rheumatoid arthritis. Lancet 1991, 338, 899–902. [CrossRef]

http://doi.org/10.3748/wjg.v18.i9.930
http://doi.org/10.1007/s11884-010-0067-2
http://www.ncbi.nlm.nih.gov/pubmed/21475707
http://www.ncbi.nlm.nih.gov/pubmed/15195021
http://doi.org/10.1007/s001250100634
http://www.ncbi.nlm.nih.gov/pubmed/11692171
http://doi.org/10.1016/S0033-8389(05)70148-2
http://doi.org/10.1046/j.1464-410X.1998.0820s1034.x
http://doi.org/10.1016/S0140-6736(03)13073-5
http://doi.org/10.1111/j.1464-410X.2008.07497.x
http://doi.org/10.1097/00005392-200101000-00009
http://doi.org/10.1111/j.1464-410X.1995.tb07421.x
http://doi.org/10.1016/S0090-4295(00)01101-8
http://doi.org/10.1016/j.urology.2011.01.065
http://www.ncbi.nlm.nih.gov/pubmed/21550646
http://doi.org/10.3126/jngmc.v13i2.16531
http://www.ncbi.nlm.nih.gov/pubmed/15776898
http://doi.org/10.1093/humupd/dmu042
http://www.ncbi.nlm.nih.gov/pubmed/25038770
http://doi.org/10.1111/and.12933
http://doi.org/10.1159/000474300
http://doi.org/10.1093/oxfordjournals.humrep.a138610
http://doi.org/10.1111/j.1442-2042.2008.02071.x
http://doi.org/10.1093/ajcn/87.1.44
http://doi.org/10.1249/JSR.0000000000000542
http://doi.org/10.1042/bj1560185
http://doi.org/10.1242/jeb.159087
http://doi.org/10.1016/0140-6736(91)91770-U


Nutrients 2021, 13, 113 12 of 13

59. Horne, B.D.; Muhlestein, J.B.; Lappe, D.L.; May, H.T.; Carlquist, J.F.; Galenko, O.; Brunisholz, K.D.; Anderson, J.L. Randomized
cross-over trial of short-term water-only fasting: Metabolic and cardiovascular consequences. Nutr. Metab. Cardiovasc. Dis. 2013,
23, 1050–1057. [CrossRef]

60. Li, C.; Ostermann, T.; Hardt, M.; Ludtke, R.; Broecker-Preuss, M.; Dobos, G.; Michalsen, A. Metabolic and psychological response
to 7-day fasting in obese patients with and without metabolic syndrome. Forsch. Komplementmed. 2013, 20, 413–420. [CrossRef]

61. Schmidt, S.; Stange, R.; Lischka, E.; Kiehntopf, M.; Deufel, T.; Loth, D.; Uhlemann, C. Uncontrolled clinical study of the efficacy of
ambulant fasting in patients with osteoarthritis. Forsch. Komplementmed. 2010, 17, 87–94. [CrossRef]

62. Norman, R.W.; Nickel, J.C.; Fish, D.; Pickett, S.N. ‘Prostate-related symptoms’ in Canadian men 50 years of age or older:
Prevalence and relationships among symptoms. Br. J. Urol. 1994, 74, 542–550. [CrossRef]

63. Roehrborn, C.G.; Marks, L.; Harkaway, R. Enlarged prostate: A landmark national survey of its prevalence and impact on US
men and their partners. Prostate Cancer Prostatic Dis. 2006, 9, 30–34. [CrossRef]

64. Logie, J.; Clifford, G.M.; Farmer, R.D. Incidence, prevalence and management of lower urinary tract symptoms in men in the UK.
BJU Int. 2005, 95, 557–562. [CrossRef]

65. Andersson, S.O.; Rashidkhani, B.; Karlberg, L.; Wolk, A.; Johansson, J.E. Prevalence of lower urinary tract symptoms in men aged
45-79 years: A population-based study of 40,000 Swedish men. BJU Int. 2004, 94, 327–331. [CrossRef]

66. McNaughton-Collins, M.; Barry, M.J. Managing patients with lower urinary tract symptoms suggestive of benign prostatic
hyperplasia. Am. J. Med. 2005, 118, 1331–1339. [CrossRef]

67. Madersbacher, S.; Klingler, H.C.; Schatzl, G.; Stulnig, T.; Schmidbauer, C.P.; Marberger, M. Age related urodynamic changes in
patients with benign prostatic hyperplasia. J. Urol. 1996, 156, 1662–1667. [CrossRef]

68. Tiwari, R.; Ng, M.Y.; Neo, S.H.; Mangat, R.; Ho, H. Prospective validation of a novel visual analogue uroflowmetry score (VAUS)
in 1000 men with lower urinary tract symptoms (LUTS). World. J. Urol. 2019, 38, 1267–1273. [CrossRef]

69. Sener, N.C.; Zengin, K.; Ozturk, U.; Bas, O.; Ercil, H.; Ekici, M.; Yalcin, M.E. The impact of metabolic syndrome on the outcomes
of transurethral resection of the prostate. J. Endourol. 2015, 29, 340–343. [CrossRef]

70. Heyns, C.F.; Groeneveld, A.E.; van der Walt, C.L.E. Correlation between a new visual prostate symptoms score (VPSS) and
uroflowmetry parameters in men with lower urinary tract symptoms. S. Afr. Med. J. 2012, 102, 237–240.

71. Berry, S.J.; Coffey, D.S.; Walsh, P.C.; Ewing, L.L. The development of human benign prostatic hyperplasia with age. J. Urol. 1984,
132, 474–479. [CrossRef]

72. Mbaeri, T.U.; Orakwe, J.C.; Nwofor, A.M.E.; Oranusi, C.K.; Mbonu, O.O. Ultrasound measurements of testicular volume:
Comparing the three common formulas with the true testicular volume determined by water displacement. Afr. J. Urol. 2013,
19, 69–73. [CrossRef]

73. Condorelli, R.; Calogero, A.E.; La Vignera, S. Relationship between testicular volume and conventional or nonconventional sperm
parameters. Int. J. Endocrinol. 2013, 145792. [CrossRef]

74. Mahmoud, A.M.; Goemaere, S.; El-Garem, Y.; Van Pottelbergh, I.; Comhaire, F.H.; Kaufman, J.M. Testicular volume in relation
to hormonal indices of gonadal function in community-dwelling elderly men. J. Clin. Endocrinol. Metab. 2003, 88, 179–184.
[CrossRef]

75. Handelsma, D.J.; Staraj, S. Testicular size: The effect of aging, malnutrition, and illness. J. Androl. 1985, 6, 144–151. [CrossRef]
[PubMed]

76. Paltiel, H.J.; Diamond, D.A.; Di Canzio, J.; Zurakowski, D.; Borer, J.G.; Atala, A. Testicular volume: Comparison of orchidometer
and US measurements in dogs. Radiology 2002, 222, 114–119. [CrossRef] [PubMed]

77. Ku, J.H.; Kim, M.E.; Jeon, Y.S.; Lee, N.K.; Park, Y.H. Factors influencing testicular volume in young men: Results of a community-
based survey. BJU Int. 2002, 90, 446–450. [CrossRef] [PubMed]

78. Main, K.M.; Toppari, J.; Suomi, A.M.; Kaleva, M.; Chellakooty, M.; Schmidt, I.M.; Virtanen, H.E.; Boisen, K.A.; Kai, C.M.;
Damgaard, I.N.; et al. Larger testes and higher inhibin B levels in Finnish than in Danish newborn boys. J. Clin. Endocrinol. Metab.
2006, 91, 2732–2737. [CrossRef] [PubMed]

79. Takihara, H.; Sakatoku, J.; Fujii, M.; Nasu, T.; Cosentino, M.J.; Cockett, A.T. Significance of testicular size measurement in
andrology. I. A new orchidometer and its clinical application. Fertil. Steril. 1983, 39, 836–840. [CrossRef]

80. Sakamoto, H.; Ogawa, Y.; Yoshida, H. Relationship between testicular volume and testicular function: Comparison of the Prader
orchidometric and ultrasonographic measurements in patients with infertility. Asian J. Androl. 2008, 10, 319–324. [CrossRef]

81. Arai, T.; Kitahara, S.; Horiuchi, S.; Sumi, S.; Yoshida, K. Relationship of testicular volume to semen profiles and serum hormone
concentrations in infertile Japanese males. Int. J. Fertil. Womens Med. 1998, 43, 40–47.

82. Takihara, H.; Cosentino, M.J.; Sakatoku, J.; Cockett, A.T. Significance of testicular size measurement in andrology. II. Correlation
of testicular size with testicular function. J. Urol. 1987, 137, 416–419. [CrossRef]

83. Comhaire, F.H.; de Kretser, A.; Farley, T.M. The significance of physical characteristics and laboratory investigations for the
diagnosis of male infertility. Int. J. Androl. 1987, 7, 19–33.

84. Spaggiari, G.; Granata, A.R.M.; Santi, D. Testicular ultrasound inhomogeneity is an informative parameter for fertility evaluation.
Asian J. Androl. 2019, 21, 1–7. [CrossRef]

85. Trumble, B.C.; Brindle, E.; Kupsik, M.; O’Connor, K.A. Responsiveness of the reproductive axis to a single missed evening meal
in young adult males. Am. J. Hum. Biol. 2010, 22, 775–781. [CrossRef] [PubMed]

http://doi.org/10.1016/j.numecd.2012.09.007
http://doi.org/10.1159/000353672
http://doi.org/10.1159/000285479
http://doi.org/10.1111/j.1464-410X.1994.tb09181.x
http://doi.org/10.1038/sj.pcan.4500841
http://doi.org/10.1111/j.1464-410X.2005.05339.x
http://doi.org/10.1111/j.1464-410X.2004.04930.x
http://doi.org/10.1016/j.amjmed.2004.12.033
http://doi.org/10.1016/S0022-5347(01)65478-8
http://doi.org/10.1007/s00345-019-02909-1
http://doi.org/10.1089/end.2014.0562
http://doi.org/10.1016/S0022-5347(17)49698-4
http://doi.org/10.1016/j.afju.2012.11.004
http://doi.org/10.1155/2013/145792
http://doi.org/10.1210/jc.2002-020408
http://doi.org/10.1002/j.1939-4640.1985.tb00830.x
http://www.ncbi.nlm.nih.gov/pubmed/3997660
http://doi.org/10.1148/radiol.2221001385
http://www.ncbi.nlm.nih.gov/pubmed/11756714
http://doi.org/10.1046/j.1464-410X.2002.02904.x
http://www.ncbi.nlm.nih.gov/pubmed/12175406
http://doi.org/10.1210/jc.2005-2443
http://www.ncbi.nlm.nih.gov/pubmed/16595596
http://doi.org/10.1016/S0015-0282(16)47126-8
http://doi.org/10.1111/j.1745-7262.2008.00340.x
http://doi.org/10.1016/S0022-5347(17)44053-5
http://doi.org/10.4103/aja.aja_67_19
http://doi.org/10.1002/ajhb.21079
http://www.ncbi.nlm.nih.gov/pubmed/20721980


Nutrients 2021, 13, 113 13 of 13

86. Finkelstein, J.S.; Yu, E.W.; Burnett-Bowie, S.A. Gonadal steroids and body composition, strength, and sexual function in men. N.
Engl. J. Med. 2013, 369, 1011–1022. [CrossRef] [PubMed]

87. Chiasson, J.L.; Aris-Jilwan, N.; Bélanger, R.; Bertrand, S.; Beauregard, H.; Ekoé, J.M.; Fournier, H.; Havrankova, J. Diagnosis and
treatment of diabetic ketoacidosis and the hyperglycemic hyperosmolar state. CMAJ 2003, 168, 859–866. [PubMed]

88. Qian, Q. Salt, water and nephron: Mechanisms of action and link to hypertension and chronic kidney disease. Nephrology (Carlton)
2018, 4, 44–49. [CrossRef] [PubMed]

89. Pösö, T.; Kesek, D.; Aroch, R.; Winsö, O. Rapid weight loss is associated with preoperative hypovolemia in morbidly obese
patients. Obes. Surg. 2013, 23, 306–313. [CrossRef] [PubMed]

90. Brecchia, G.; Bonanno, A.; Galeati, G.; Federici, C.; Maranesi, M.; Gobbetti, A.; Zerani, M.; Boiti, C. Hormonal and metabolic
adaptation to fasting: Effects on the hypothalamic-pituitary-ovarian axis and reproductive performance of rabbit does. Domes.
Anim. Endocrinol. 2006, 31, 105–122. [CrossRef]

91. Bergendahl, M.; Perheentupa, A.; Huhtaniemi, I. Effect of short-term starvation on reproductive hormone gene expression,
secretion and receptor levels in male rats. J. Endocrinol. 1989, 121, 409–411. [CrossRef]

92. Acosta, A.A.; Oehninger, S.; Ertunc, H.; Philput, C. Possible role of pure human follicle-stimulating hormone in the treatment of
severe male-factor infertility by assisted reproduction preliminary report. Fertil. Steril. 1991, 55, 1150–1156. [CrossRef]

93. Koskenniemi, J.J.; Virtanen, H.E.; Toppari, J. Testicular growth and development in puberty. Curr. Opin. Endocrinol. Diabetes Obes.
2017, 24, 215–224. [CrossRef]

94. Tapanainen, J.S.; Aittomaki, K.; Min, J.; Vaskivuo, T.; Huhteniemi, I.T. Men homozygous for an inactivating mutation of the
follicle-stimulating hormone (FSH) receptor gene present variable suppression of spermatogenesis and fertility. Nat. Genet. 1997,
15, 205–206. [CrossRef]

95. Gnessi, L.; Scarselli, F.; Minasi, M.G.; Mariani, S.; Lubrano, C.; Basciani, S.; Greco, P.F.; Watanabe, M.; Franco, G.; Farcomeni, A.;
et al. Testicular histopathology, semen analysis and FSH, predictive value of sperm retrieval: Supportive counseling in case of
reoperation after testicular sperm extraction (TESE). BMC Urol. 2018, 18, 63. [CrossRef] [PubMed]

96. Reed, M.J.; Cheng, R.W.; Simmonds, M.; Richmond, W.; James, V.H.T. Dietary lipids: An additional regulator of plasma levels of
sex hormone binding globulin. J. Clin. Endocrinol. Metab. 1987, 64, 1083–1085. [CrossRef] [PubMed]

97. Anderson, K.E.; Rosner, W.; Khan, M.S.; New, M.I.; Pang, S.; Wissel, P.S.; Kappas, A. Diet-hormone interactions: Pro-
tein/carbohydrate ratio alters reciprocally the plasma levels of testosterone and cortisol and their respective binding globulins in
man. Life Sci. 1987, 40, 1761–1768. [CrossRef]

98. Mäkinen, J.I.; Perheentupa, A.; Irjala, K.; Pöllänen, P.; Mäkinen, J.; Huhtaniemi, I.; Raitakari, O.T. Endogenous testosterone and
serum lipids in middle-aged men. Atherosclerosis 2008, 197, 688–693. [CrossRef]

99. Zhang, N.; Zhang, H.; Zhang, X.; Zhang, B.; Wang, F.; Wang, C.; Zhao, M.; Yu, C.; Gao, L.; Zhao, J.; et al. The relationship
between endogenous testosterone and lipid profile in middle-aged and elderly Chinese men. Eur. J. Endocrinol. 2014, 170, 487–494.
[CrossRef]

100. Ilic, D.; Neuberger, M.M.; Djulbegovic, M.; Dahm, P. Screening for prostate cancer. Cochrane Database Syst. Rev. 2013, 1, CD004720.
[CrossRef]

101. Izawa, J.I.; Klotz, L.; Siemens, D.R.; Kassouf, W.; So, A.; Jordan, J.; Chetner, M.; Iansavichene, A.E. Prostate cancer screening:
Canadian guidelines 2011. Can. Urol. Assoc. J. 2011, 5, 235–240. [CrossRef]

102. Loeb, S.; Gonzalez, C.M.; Roehl, K.A.; Han, M.; Antenor, J.A.V.; Yap, R.L.; Catalona, W.J. Pathological characteristics of prostate
cancer detected through prostate specific antigen based screening. J. Urol. 2006, 175, 902–906. [CrossRef]

103. Tchetgen, M.B.; Song, J.T.; Strawderman, M.; Jacobsen, S.J.; Oesterling, J.E. Ejaculation increases the serum prostate-specific
antigen concentration. Urology 1996, 47, 511–516. [CrossRef]

104. Lau, C.K.; Guo, M.; Viczko, J.A.; Naugler, C.T. A population study of fasting time and serum prostate-specific antigen (PSA) level.
Asian J. Urol. 2014, 16, 740–744. [CrossRef]

105. Byun, H.K.; Sung, Y.H.; Kim, W.; Jung, J.H.; Song, J.M.; Chung, H.C. Relationships between prostate-specific antigen, prostate
volume, and components of metabolic syndrome in healthy Korean men. Korean J. Urol. 2012, 53, 774–778. [CrossRef] [PubMed]

106. Botelho, F.; Pina, F.; Figueiredo, L.; Cruz, F.; Lunet, N. Does baseline total testosterone improve the yielding of prostate cancer
screening? Eur. J. Cancer 2012, 48, 1657–1663. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMoa1206168
http://www.ncbi.nlm.nih.gov/pubmed/24024838
http://www.ncbi.nlm.nih.gov/pubmed/12668546
http://doi.org/10.1111/nep.13465
http://www.ncbi.nlm.nih.gov/pubmed/30298656
http://doi.org/10.1007/s11695-012-0790-1
http://www.ncbi.nlm.nih.gov/pubmed/23086524
http://doi.org/10.1016/j.domaniend.2005.09.006
http://doi.org/10.1677/joe.0.1210409
http://doi.org/10.1016/S0015-0282(16)54367-2
http://doi.org/10.1097/MED.0000000000000339
http://doi.org/10.1038/ng0297-205
http://doi.org/10.1186/s12894-018-0379-7
http://www.ncbi.nlm.nih.gov/pubmed/29973189
http://doi.org/10.1210/jcem-64-5-1083
http://www.ncbi.nlm.nih.gov/pubmed/3558725
http://doi.org/10.1016/0024-3205(87)90086-5
http://doi.org/10.1016/j.atherosclerosis.2007.05.009
http://doi.org/10.1530/EJE-13-0802
http://doi.org/10.1002/14651858.CD004720.pub3
http://doi.org/10.5489/cuaj.11134
http://doi.org/10.1016/S0022-5347(05)00327-7
http://doi.org/10.1016/S0090-4295(99)80486-5
http://doi.org/10.4103/1008-682X.125912
http://doi.org/10.4111/kju.2012.53.11.774
http://www.ncbi.nlm.nih.gov/pubmed/23185669
http://doi.org/10.1016/j.ejca.2012.01.025
http://www.ncbi.nlm.nih.gov/pubmed/22342552

	Introduction 
	Materials and Methods 
	Participants 
	Protocol 
	Assays 
	Data and Statistical Analysis 

	Results 
	Discussion 
	Changes in Maximum Urinary Flow Rate 
	Changes in Testicular and Prostate Volume 
	Impact of Hormone Changes on Testicular Volume Prostate Volume and Maximum Urinary Flow Rate 

	Conclusions 
	References

