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To prospectively evaluate urinary conditions and function in pregnant women by analyzing Frequency-
Volume Chart data collected from early through late pregnancy. Pregnant women who visited the 
research facility and provided informed consent between June 2021 and May 2023 were enrolled. 
Participants were asked to complete a three-day Frequency-Volume Chart at three time points: early 
pregnancy (14–16 weeks gestation), mid-pregnancy (25–27 weeks gestation), and late pregnancy 
(34–36 weeks gestation). A total of 24 participants provided complete Frequency-Volume Chart 
data. An increase in urine volume correlating with weight gain during late pregnancy was observed. 
Additionally, both the voided volume and urinary frequency were significantly impacted as pregnancy 
advanced. Notably, the fetal position influenced maternal urinary conditions: fetuses in the “Right 
Occiput Position” were associated with statistically significant increases in maximum 24-hour 
voided volume, maximum nocturnal voided volume, and average nocturnal voided volume (p < 0.05). 
Furthermore, maximum 24-hour and nocturnal voided volume were significantly higher (p < 0.05) in 
pregnant women who used pelvic support devices. Our analysis indicates that as pregnancy advances, 
there is a significant increase in 24-hour urine volume accompanied by a decrease in voided volume. 
Additionally, both fetal position within the uterus and the use of pelvic support devices were found to 
significantly affect voided volume.

The present study was designed to prospectively investigate urinary conditions and function in pregnant women 
from early to late pregnancy using the Frequency-Volume Chart (FVC). During pregnancy, women experience 
significant physiological changes across various organ systems, including the reproductive system. Notably, 
circulating blood volume increases by 40–45%, renal plasma flow by 50–70%, and the glomerular filtration rate 
(GFR) by 50% around the 15th week of gestation1. Furthermore, enhanced activity of antidiuretic hormone-
degrading enzymes augments urine production, resulting in a 1 cm increase in renal length and a 30% increase 
in renal volume2–4. Collectively, these changes contribute to polyuria in pregnant women.

In addition to these systemic adaptations, uterine enlargement substantially impacts the adjacent urinary 
system. Compression of the bladder by the fetal head elevates intravesical pressure, thereby inducing urinary 
frequency during late pregnancy. Although several studies have documented these physiological alterations, 
most have employed a cross-sectional design. Urinary frequency, observed in both the second and third 
trimesters, is considered one of the most distressing and burdensome symptoms associated with pregnancy5. 
To date, there is only one published longitudinal study of urinary conditions6 despite the profound impact of 
urinary changes on quality of life during pregnancy.

The FVC records key urinary parameters—including total urine volume, voided volume, and 24-hour 
frequency (segmented into daytime and nighttime measurements)—and has been widely utilized as an objective 
tool for evaluating lower urinary tract symptoms (LUTS)7. To our knowledge, this is the first longitudinal study 
to assess urinary conditions and function in pregnant women using the FVC.
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Materials and methods
Participants
We recruited singleton pregnant women at 11 to 12 weeks of gestation, a time when the risk of early miscarriage 
had generally decreased. A total of 30 singleton pregnant women who visited the research facility between June 
2021 and May 2023 were enrolled after providing informed consent to participate in our study. Exclusion criteria 
included a history of neurological diseases, renal diseases, diabetes, pelvic organ prolapse, related surgeries, 
and psychiatric disorders. Participants were excluded from the study if they experienced an abnormal course of 
pregnancy or developed urinary tract infections during the study period.

Data collection
Participants recorded a three-day FVC at three time points. Participants were asked to bring the first FVC at 
their first routine prenatal checkup after recruitment, which was typically scheduled 14–16 weeks of gestation. 
Subsequently, we asked participants to complete the second FVC until 27 weeks of gestation, and the third FVC 
until delivery.

As the result, the first FVC was recorded between 14 and 16 weeks of gestation which was defined as “early 
pregnancy” in our study, The second was recorded between 25 and 27 weeks of gestation which was defined” 
mid-pregnancy”, and the third was recorded between 34 and 36 weeks of gestation which was defined “late 
pregnancy”. The FVC, as defined by the International Continence Society (ICS), is the recording of the time of 
each micturition along with the volume voided for at least 24 h. Ideally, a minimum of three days of recording 
(not necessarily consecutive) generally provides more useful clinical data. It is essential to distinguish between 
daytime and nighttime micturition. In our study, the presence and timing of urinary incontinence (UI) were also 
noted. Data on “voided volume”, “24-hour urine volume”, and “daytime and nighttime urinary frequency” were 
extracted from the FVC.

The average voided volume was calculated by dividing the 24-hour urine volume by the 24-hour urinary 
frequency. The mean and median values over the three-day recording period were calculated for analysis.

We also collected participant information including age, height, pre-pregnancy weight, pregnancy and 
childbirth history, weight during prenatal checkups, estimated fetal weight, fetal position and presentation, and 
the use of pelvic support devices. Fetal position and presentation were assessed by experienced midwife with 
Leopold’s maneuvers, which are a common and systematic way to determine the position of a fetus inside the 
woman’s uterus. The fetal position was classified as Left Occiput (LO) when the fetal back was on the left side of 
the mother’s body, or Right Occiput (RO) when the fetal back was on the right side, as shown in Fig. 1.

Participants received both oral and written information about the study. The study was approved by the 
Ethics Committee of Shiga University of Medical Science (R2021-003) and was conducted in accordance with 
the Helsinki Declaration.

Statistical analysis
All participants data were anonymized and coded to ensure privacy and confidentiality. Statistical analysis was 
performed using SPSS Statistics version 29, with statistical significance set at 5%. The Wilcoxon signed-rank 
test was used to compare urine volume, voided volume, and urinary frequency. The Chi-square test was used to 
analyze UI, and the Mann-Whitney U test was employed to determine whether pelvic support devices and fetal 
position affected urinary conditions.

Fig. 1.  Schematic of fetal position. A Left Occiput (LO): fetal back is on the left side of the mother’s body. B 
Right Occiput (RO): fetal back is on the right side of the mother’s body.
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Results
Participant demographics and clinical backgrounds
Complete FVCs were submitted by 24 participants after three dropped out between early and mid-pregnancy 
and three after mid-pregnancy. The reasons for dropout were transfer to another hospital (n = 3), voluntary 
withdrawal (n = 2), and scheduled cesarean section (n = 1). Table  1 shows the demographic and obstetric 
characteristics of the pregnant women. The 24 participants had a median age of 29 years (range, 22–39), a height 
of 158.0 cm (range, 145.0–171.0), a pre-pregnancy weight of 50.0 kg (range, 42.0–66.0), and a pre-pregnancy 
BMI of 20.3 kg/m² (range, 16.2–23.4). Weight progression during pregnancy was as follows: 50.9 kg (range, 
42.8–66.5) in early pregnancy, 54.9 kg (range, 47.3–69.7) in mid-pregnancy, and 57.8 kg (range, 49.6–75.4) in 
late pregnancy. Eleven participants (45.8%) were primiparous, while 13 (54.2%) were multiparous. Regarding 
the use of pelvic support devices, five participants (20.8%) used pelvic belts or girdles in late pregnancy.

The estimated fetal weights were 60.0 g (range, 60.0–135.0) in early pregnancy, 1000.0 g (range, 890.0–1270.0) 
in mid-pregnancy, and 2627.5 g (range, 2320.0–2904.0) in late pregnancy, all within the range of mean ± 1.5 SD 
of the fetal growth curve. In late pregnancy, fetal positions were as follows: 14 cases (58.3%) in LO and 10 cases 
(41.7%) in RO (Fig. 1).

Urine volume increases significantly following weight gain in late pregnancy
The 24-hour urine volume was as follows: 1196.7 mL (IQR, 985.0–1428.8) in early pregnancy, 1195.0 mL (IQR, 
973.3–1462.5) in mid-pregnancy, and 1298.3 mL (IQR, 1076.7–1575.4) in late pregnancy. Specifically, the 24-
hour urine volume in late pregnancy was significantly greater than that in early pregnancy (Wilcoxon signed-
rank test; p < 0.05), with an increase of approximately 100 mL compared to early pregnancy (Fig. 2A).

Interestingly, no significant differences were observed in the 24-hour urine volume per kilogram across the 
pregnancy stages (Fig. 2B). Moreover, the nocturnal urine volume per kilogram showed a decreasing trend: 8.7 
mL (IQR, 6.5–10.3) in early pregnancy, 7.6 mL (IQR, 6.0–8.9) in mid-pregnancy, and 7.4 mL (IQR, 6.2–10.1) in 
late pregnancy.

Voided volume is significantly affected by the progression of pregnancy
The nighttime maximum voided volume showed a decreasing trend toward late pregnancy, with values of 362.5 
mL (IQR, 300.0–438.8) in early pregnancy, 368.3 mL (IQR, 295.8–410.0) in mid-pregnancy, and 308.3 mL 
(IQR, 280.8–377.5) in late pregnancy (Fig. 3A). The nighttime maximum voided volume in late pregnancy was 
significantly lower than that in early pregnancy (Wilcoxon signed-rank test; p < 0.05). Interestingly, no significant 
difference was observed in the daytime maximum voided volume (Fig. 3B).

Five participants (20.8%) used pelvic support devices, including pelvic belts or girdles, in late pregnancy. 
A comparison between groups with and without the use of pelvic support devices revealed that the maximum 
voided volume over 24 h was significantly higher in the group using the devices [383.3 mL (IQR, 366.7–445.0)] 
compared to the group not using them [333.3 mL (IQR, 300.0–366.7)] (Mann-Whitney U test; p < 0.05)] 
(Fig. 3C).

Attributes and characteristics n (range) %

Age (years, median) 29 (22–39)

Height (cm, median) 158.0 (145–171)

Pre-pregnancy weights (kg, median) 50.0 (42.0–66.0)

Pre-pregnancy BMI (kg/m², median) 20.3 (16.2–23.4)

Number of children

 Primiparous 11 45.8

 Multiparous 13 54.2

 1 7 29.3

 2 4 16.6

 3 2 8.3

Weight progression during pregnancy (kg, median)

 Early pregnancy 50.9 (42.8–66.5)

 Mid-pregnancy 54.9 (47.3–69.7)

 Late pregnancy 57.8 (49.6–75.4)

Estimated fetal weights (g, median)

 Early pregnancy 60 (60.0–135.0)

 Mid-pregnancy 1000 (890.0–1270.0)

 Late pregnancy 2627.5 (2320.0–2904.0)

Biparietal diameter (cm, median) 8.8 (8.8–8.9)

Usage of pelvic belts or girdles in late pregnancy

 Yes 5 20.8

 No 19 79.2

Table 1.  Demographics, obstetric characteristics, and fetal growth of study subjects.
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Fig. 2.  Comparison of urine volume between each trimester of pregnancy. A 24-hour urine volume (mL). A 
significant difference was observed between early and late pregnancy (Wilcoxon signed-rank test, p < 0.05). B 
24-hour urine volume per kilogram (mL/kg). No significant differences were observed (Wilcoxon signed-rank 
test).
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Urinary frequency is increased in late pregnancy
The 24-hour urinary frequency was 6.0 (Interquartile Range [IQR], 5.3–6.7) in early pregnancy, 6.0 (IQR, 5.1–
7.8) in mid-pregnancy, and 7.0 (IQR, 5.7–8.7) in late pregnancy. The proportion of participants experiencing a 
24-hour frequency of 8 or more—generally considered indicative of urinary frequency—increased progressively: 
16.7% in early pregnancy, 25% in mid-pregnancy, and 41.7% in late pregnancy (Fig. 4A).

Nighttime frequency was 0 (IQR, 0–0.7) in early pregnancy, 0.3 (IQR, 0–0.7) in mid-pregnancy, and 0.7 
(IQR, 0.1–1.0) in late pregnancy. Both daytime and nighttime frequencies in late pregnancy were significantly 
higher than those in early pregnancy (Wilcoxon signed-rank test; p < 0.01). Furthermore, the 24-hour frequency 
in late pregnancy increased by at least one void compared to early pregnancy.

The proportion of participants with one or more episodes of nighttime frequency, generally considered 
abnormal, was 8.3% in early pregnancy, 20.8% in mid-pregnancy, and 37.5% in late pregnancy (Fig. 4B).

The prevalence of UI more than doubles in late pregnancy
The prevalence of UI was 8.3% in early pregnancy, 16.6% in mid-pregnancy, and 16.6% in late pregnancy 
(Fig. 5). Although the prevalence in mid-pregnancy and late pregnancy was more than twice as high as in early 
pregnancy, the Chi-square test did not reveal a statistically significant association (p = 0.312).

Fetal position is significantly associated with maximum voided volume
The maximum nighttime voided volume according to fetal position in late pregnancy was significantly higher 
in RO [375.0 mL (IQR, 331.7–406.7)] than in LO cases [323.3 mL (IQR, 275.8–366.7); Mann-Whitney U test; 
p < 0.05)] (Fig. 6A). Additionally, the average voided volume during nighttime was also significantly higher in RO 
[310.0 mL (IQR, 274.2–337.9)] than in LO cases [255.8 mL (IQR, 220.0–294.4); Mann-Whitney U test; p < 0.05] 
(Fig. 6B). No significant correlations were observed between the estimated fetal weight in late pregnancy and 
total urine volume, voided volume, or urination frequency.

Maternal and fetal characters don’t affect urinary conditions in pregnancy
We collected maternal data including age, height, pre-pregnancy weight, and pregnancy and childbirth history. 
We then analyzed whether these factors were associated with urinary conditions; however, none of them showed 
a significant correlation. Fetal characteristics, including estimated fetal weight and biparietal diameter (BPD), 
were also collected and analyzed their association with urinary conditions; however, no significant correlations 
were observed.

Discussion
We conducted a longitudinal study to assess the urinary conditions of pregnant women from early to late 
pregnancy using FVC measurements. Our findings indicated that the 24-hour urine volume increases throughout 
pregnancy, with a particularly significant rise from mid to late pregnancy. Given the lack of published data on 24-
hour urine volume in pregnant women, our study contributes new and valuable insights. The factors underlying 
this increase remain unclear, and several hypotheses have been proposed to explain the phenomenon.

One proposed explanation is that pregnancy-induced increases in circulating blood volume enhance renal 
plasma flow and the GFR1,8,9. Renal plasma flow increases by approximately 80% during early pregnancy, and 
GFR rises by 25% by the second week, reaching a 50% increase by late pregnancy. This elevation in GFR results 
in a daily sodium filtration rate increase of 20,000 to 30,000 mEq. Additionally, progesterone counteracts the 
sodium-retaining effects of aldosterone, promoting sodium excretion and subsequently increasing urine volume. 
However, since the increase in circulating blood volume is observed from early to mid-pregnancy, it does not 
fully align with the timing of the increased urine volume observed in our results.

Another hypothesis considers the influence of fetal urine production. Fetal urine production and glomerular 
filtration commence around gestational weeks 9–10, with fetal GFR increasing sharply toward late pregnancy10. 
The estimated fetal urine volume is approximately 30 mL/hour (700 mL/day) at 30 weeks of gestation and about 
70 mL/hour (1,600 mL/day) at 40 weeks of gestation. Although fetal urine production primarily maintains 
amniotic fluid volume, it may also affect maternal circulating blood volume via the placenta, even if only a small 
portion is absorbed into the maternal circulation.

Another interesting finding is the lack of significant differences in 24-hour urine volume per kilogram across 
different stages of pregnancy. Various possibilities and mechanisms of urine volume changes during pregnancy 
have been documented. However, the absence of prospective and longitudinal data has left it unclear whether 
urine volumes increase or decrease as pregnancy progresses. Our results suggest a potential correlation between 
urine volume and body weight during pregnancy; however, a significant relationship could not be confirmed due 
to the small sample size of this study.

We found that the progression of pregnancy significantly affected both voided volume and frequency. In 
late pregnancy, the maximum nighttime voided volume was significantly lower than in early pregnancy, while 
no significant difference was observed in the daytime maximum voided volume. Additionally, the overall 24-
hour frequency—including both daytime and nighttime urination—was significantly higher in late pregnancy 
compared to early pregnancy. Notably, 41.7% of participants in late pregnancy voided eight or more times in 
24 h, a threshold generally indicative of increased urinary frequency.

A primary factor influencing voided volume in late pregnancy is the physical pressure exerted by the enlarged 
uterus as the fetus grows. As the fetus engages and descends into the pelvis, it applies additional pressure to the 
bladder, further reducing its functional capacity. The descent of the fetal head into the birth canal intensifies 
this mechanical compression. Hormonal changes during pregnancy may also contribute to reduced voided 
volume11: Estrogen and progesterone receptors in the lower urinary tract can affect urinary conditions, although 
the precise mechanisms underlying this relationship remain unclear.
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We also observed that participants who used pelvic support devices in late pregnancy exhibited a significantly 
larger voided volume compared to those who did not use such devices. Although this finding is empirically 
plausible, it is based on a very small sample size. Pelvic support devices are designed to provide stability to the 
pelvic region by supporting the sacroiliac joints and reducing excessive movement of the pelvic girdle. It is 
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Fig. 3.  Comparison of voided volume. A Nighttime voided volume (mL) between each trimester of pregnancy. 
A significant difference was observed between early and late pregnancy (Wilcoxon signed-rank test, p < 0.05). 
B Daytime voided volume (mL) between each trimester of pregnancy. No significant differences were observed 
(Wilcoxon signed-rank test). C Nighttime voided volume (mL) in late pregnancy between participants using 
pelvic support devices and those who did not. A significant difference was confirmed (Mann–Whitney U test, 
p < 0.05).

◂

Fig. 4.  Percentage of participants with abnormal urinary frequency. A Comparison of the proportion of 
participants with eight or more voids in 24 h between each trimester of pregnancy (%). A significant difference 
was observed between early and late pregnancy (Chi-square test, p < 0.01). B Comparison of the proportion of 
participants with one or more voids at night between each trimester of pregnancy (%). A significant difference 
was observed between early and late pregnancy (Chi-square test, p < 0.01).
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commonly used to alleviate pregnancy-related pelvic pain and improve posture. While pelvic support devices 
are well recognized in musculoskeletal care, their potential effects on bladder function and urinary symptoms 
remain underexplored. Fitzgerald et al. reported an association between instability of pelvic floor muscle and 
bladder dysfunction in in pregnant women in the second trimester12. Our data appear to be consistent with 
their results although their study focused solely on pregnant women in the second trimester. Additionally, it 
remains unclear why the effect of pelvic support devices appears to be limited to nighttime urination; further 
investigation is warranted to explore this phenomenon.

Supriya et al. reported no significant differences in urine volume, voided volume, and frequency of urination 
among pregnant women in the first, second, and third trimesters6. The discrepancy between their results and 
ours likely stems from differences in the survey periods. They reported that 90% of the third-trimester diaries 
were recorded between 28 and 36 weeks of gestation, whereas our late-pregnancy FVCs were all recorded at 
35 or 36 weeks. (However, this did not happen by our study design, the actual timing of data collection across 
participants fell into relatively consistent gestational windows.) Given that fetal weight nearly doubles and fetal 
urine output is estimated to quadruple from 28 to 36 weeks of gestation13 these differences may account for the 
disparity, suggesting that urinary symptoms in pregnant women may be more pronounced in the latter part of 
the third trimester.

This study also examined UI and found that its prevalence more than doubled in late pregnancy. Numerous 
studies have reported UI in pregnant women, with prevalence rates ranging from 18.6 to 75% and increasing 
with gestational age14; our data are consistent with these findings.

No significant association was observed between voided volume and fetal growth status including BPD. 
However, we found that a RO orientation was preferentially associated with a greater maximum voided volume 
during both daytime and nighttime. To our knowledge, this is the first report examining the relationship 
between fetal position and voided volume. One possible explanation is that the uterus is physiologically twisted 
in a clockwise direction when viewed from above, due to the presence of the sigmoid colon. Consequently, a 
fetus in the RO position is more likely to have its back oriented posteriorly relative to the mother’s body, while 
a fetus in the LO position is more likely to have its back oriented anteriorly. Therefore, the physical pressure on 
the bladder may be stronger with an LO orientation than with an RO orientation, although further investigation 
is needed to clarify this correlation.

.

Limitations
This study was a long-term longitudinal investigation that spanned from early to late pregnancy. Despite efforts 
to recruit participants, the final sample size was limited to 24 due to attrition. Maintaining adherence to the 
intensive study protocol—which required pregnant women to complete a 24-hour voiding diary for three 
consecutive days on three separate occasions over a period of more than 20 weeks—was particularly challenging. 
Although more than 200 pregnant women were under obstetric care at the Research Faculty during the study 
period, only 30 agreed to participate, and approximately 20% eventually dropped out.

Furthermore, the lack of data collection on fluid intake may have limited our ability to fully interpret changes 
in urine volume and frequency, especially in distinguishing between daytime and nighttime urine output. 
However, as reported by Hou Y. et al., accurate assessment of fluid intake must include not only beverages but also 

Fig. 5.  Percentage of participants with urinary incontinence. No significant differences were observed (Chi-
square test).
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the water content of food, which significantly increases the burden on participants15. Given the constraints of a 
longitudinal design, we determined that requesting detailed records of fluid intake would place an undue burden 
on participants and would be difficult to sustain with sufficient accuracy over time. To mitigate the limitations 
imposed by the absence of fluid intake data, further accumulation of cases and data is highly desirable. This 
would allow for a more comprehensive understanding and robust interpretation of the findings in this research.

Fig. 6.  Correlation between fetal position and voided volume. A Comparison of the maximum nighttime 
voided volume (mL) between Left Occiput (LO) and Right Occiput (RO). A significant difference was observed 
(Mann–Whitney U test, p < 0.05). B Comparison of the average nighttime voided volume (mL) between LO 
and RO. A significant difference was observed (Mann–Whitney U test, p < 0.05).
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Conclusion
We identified that as pregnancy progresses, pregnant women experience an increase in 24-hour urine volume 
correlated with increased body weight, a decrease in voided volume, and increased urinary frequency. 
Additionally, our findings indicate that fetal position within the uterus and the use of pelvic support devices can 
affect voided volume. To our knowledge, this is the first report to document 24-hour urine volume in pregnant 
women and to explore the relationship between fetal position and voided volume.

Data availability
The datasets generated and analyzed during this study are available from the corresponding author on reason-
able request.
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