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Background: Fluid intake in the elderly may influence urination behaviors and further influence their health status. This study investigated the behaviors of fluid intake, urination and their relationships among the elderly in China.

Methods: Stratified random sampling was used to recruit the elderly participants who met the inclusion criteria from five cities in China. Participants’ total fluid intake (TFI) level was investigated using a validated 7-day 24 h fluid intake questionnaire. Their urination behaviors in real time were also recorded using a validated 7-day 24 h urination behavior record.

Results: A total of 524 participants completed the study, including 233 males and 291 females. The average age was 69.7 years. The median daily TFI was 1,241 mL, with a frequency of 8.1 times per day. Approximately 73.3% of the participants did not reach the amount of adequate fluid intake (1.7 L for males and 1.5 L for females) recommended in China. Fluid intake in the morning, afternoon, and evening among participants was 594 mL, 305 mL and 342 mL, with a frequency of 3.0 times, 1.7 times, and 2.0 times, respectively. The median urination frequency was 7.4 times per day. The percentage of participants who urinated >7 times during the day was 44.3%. The percentage of participants who urinated ≥1 time at night was 77.5%. Age and BMI were not the main influence factors for fluid intake and urination behaviors. The preliminary analysis showed that higher TFI, plain water intake, dairy products intake, and fluid intake frequency were significantly associated with higher urination frequency (t = 6.553, p < 0.05; t = 5.291, p < 0.05; t = 4.667, p < 0.05; t = 13.413, p < 0.05). Higher fluid intake per time was significantly associated with lower urination frequency (t = −3.562, p < 0.05). Correlations between TFI, fluid intake frequency, fluid intake in night, fluid intake frequency in night and urination at night were also found (r = 0.114, p < 0.05; r = 0.091, p < 0.05; r = 0.146, p < 0.05; r = 0.331, p < 0.05).

Conclusion: Fluid intake was inadequate in terms of the elderly participants. Participants with higher fluid intake and frequency in night had a greater incidence of nocturia. Thus, correcting fluid intake behaviors can improve urination behavior and promote health.

Clinical trial registration: https://www.chictr.org.cn/searchprojEN.html, identifier CTR1900023355.
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1 Introduction

Water is the main component of the human body, accounting for 60 ~ 70% of the total body mass (1). It is one of the most important nutrients for the maintenance of health and life (2). Water acts as a medium to support numerous metabolic functions: lubricating organs and transporting nutrients, hormones, and heat (3). The three water input sources include fluid intake from water and beverages, water intake from food, and endogenous water. The four pathways of water output include loss through urine through the urinary system, sweat through the surface of the skin, breath the through respiratory system, and feces through the digestive system (3, 4). There exists a balance between water input and water output. The two main sources of water input are fluid intake in the form of water and beverages and water from food. Similarly, urination accounts for about 60% of water output. It is widely recognized that proper hydration status is crucial for normal physiological function maintenance, including nutrient transport, excretion and body temperature regulation (5, 6). Recent research has revealed that insufficient fluid intake and dehydration can result in reduced physical and cognitive performances in the short term (7–10). In the long term, dehydration proved to be associated with the risk of chronic kidney disease, lithiasis, diabetes, and cardiovascular disease (11–14).

With aging, many physical functions decline to varying degrees in the elderly (15). The decline in digestion function may affect the absorption of water from food (16). Renal function declines, as a result, their glomerular filtration rate (GFR) and renal tubular function in terms of concentration, dilution, and transport decrease (17). Therefore, the proportion of water output from different sources may change (18). The body mass of the elderly undergoes changes due to the fact that the muscle mass decreases around the age of 40, leading to a gradual decrease in the overall water content of the body (19). The body water content of an elderly male individual accounts for approximately 47–67% of their body weight, while that of an elderly female individual accounts for approximately 39–57% of their body weight, which are lower than that of young adults (20–22). In addition, the physical activity level of the elderly reduces, leading to a decrease in the demand for energy (22), and, the energy consumption and metabolic rate of the elderly also decrease. According to the relationship between energy metabolism and water demand, the water demand of the elderly may be lower than that of young adults (23). In addition, the thirst center of the elderly decreases physiologically (24–26). As a result, they have a weaker sensation of thirst, while they do have the demand for fluid intake. This may lead to insufficient fluid intake among the elderly. Renal fluid conservation mechanisms were impaired among the elderly, leading to weakened responses to heat and cold stress (27, 28). Some other factors that may cause fluid restriction include urinary incontinence problems (29). A previous study has shown that fluid intake behaviors were influenced by various factors, including gender, age, body mass index (BMI), and environmental factors, such as temperature and humidity (30). Decreased fluid intake and increased water losses commonly cause dehydration in the elderly (6).

However, previous studies have shown that fluid intake in the elderly was less than that in younger individuals. A study conducted in Poland assessed water intake from food and beverages in 138 free-living elderly people aged 60 ~ 90 years old. The results showed that about 75% of elderly men and 51% of elderly women were under the recommended amount in terms of adequate water intake (including water intake from food and beverages; 2.5 L/d for elderly men and 2 L/d for elderly women aged 51 ~ 75 years and older) in Poland (2). Researchers assessed the total fluid intake (TFI) of 4,020 independent, community-living elderly people aged 65 years and above in Germany, which showed that the TFI level of elderly men was 700 mL, while that of women was 600 mL. The proportion of the elderly individuals aged 65–74 years who did not reach the recommended amount of adequate fluid intake (1,310 mL/d) in Germany was 44% of those aged 75 to 84 and 51% of those aged 85 and above (31). A study carried out in America using 24-h dietary recall data indicated that the TFI level (including plain water and moisture in beverages) for the elderly (≥60 years old) was 2071 mL, which was lower than the levels of adults aged 20 ~ 39 years (2,736 mL) and 40 ~ 59 years (2,797 mL) (32). The recommended amount of adequate fluid intake for elderly individuals in China is the same as adults: 1.7 L/d for males and 1.5 L/d for females, with a total water intake level of 3.0 L/d and 2.7 L/d, respectively (33). A study conducted in 2012 investigated daily TFI and dietary consumption status among 413 participants aged 50 ~ 75 years with chronic diseases in China. The results found that the average daily TFI level was 950 mL/d, as 55% of the participants did not meet fluid intake recommendations (1.2 L/d for the elderly according to Chinese Dietary Reference Intakes 2007) (34, 35). The values set at of 2007 were much lower than the currently recommended amount of adequate fluid intake (1.7 L/d for males and 1.5 L/d for females). Data from China Nutrition and Health Surveys (2015 ~ 2017) showed that the total intake of plain water and tea for the elderly aged 60 ~ 74 years was 846 mL/d (36, 37). Thus, it can be seen that few studies have provided data on fluid intake for the elderly and that the phenomena of insufficient fluid intake is widespread among the global elderly population. Moreover, there is a lack of in-depth analysis on the frequency and types of fluid intake in relation to elderly individuals (38). Besides fluid intake from water and beverages, food is another main source of water. However, residents in European and American countries consume about 20% of their daily water intake from food, while residents in China can reach 40–49% (39, 40). Although the data from other countries can provide references as a basis for fluid intake behaviors of the elderly in China, it cannot be used to determine the adequate water intake for Chinese people. Research on elderly people aged more than 65 years in China is needed.

Urine is the main pathway for water excretion, accounting for approximately 60% of total daily water excretion. Declining kidney function weakens fluid balance regulation (20, 22, 41). Urination behaviors refer to the behaviors of the body’s excretion of urine after sensing the volume of urine in the bladder (42). These behaviors relate to the volume of urine being excreted, the frequency of urination, urinary urgency, and place of urination (43, 44). Urine indicators and urination behaviors can be used to determine hydration status (45–47). A decrease in urine volume indicates a risk of dehydration (48). Unhealthy urination behaviors also can be risk factors for urinary system diseases (44). A study conducted on 636 female nurses indicated an association between unhealthy toileting behaviors and susceptibility to lower urinary tract symptoms (49). Increased urination promotes bacteria elimination from the urinary tract and bacterial proliferation reduction in the bladder (50–52). Previous studies have explored the urination behaviors among Chinese women and students in different stages (53–55), while few studies focused on the elderly. Moreover, the association between fluid intake behaviors and urination behaviors remains unclear. A survey of European adults has shown that individuals with higher water intake levels tended to have higher urine volume (56). Another study conducted on 87 young adults evaluated urination number within 24 h as a possible indicator of hydration status. The results indicated that dehydrated individuals had higher 24 h urine volume (1933 versus 967 mL), a great number of urination (five versus three times), lower urine specific gravity (1.012 versus 1.025) and lower urine osmolality (457 versus 874, mOsm/kg) (57). However, research on the relationship between fluid intake behaviors and urination behaviors among the elderly in China has not been carried out yet.

In this study, the primary objective was to investigate the fluid intake behaviors and urination behaviors of the elderly in China. The influence factors of age and BMI were also analyzed. Further, the associations between fluid intake behaviors and urination behaviors were analyzed. The results of the study can provide scientific reference data for fluid intake and urination behaviors for the elderly in China. Moreover, it contributes to possible strategies that can be used to promote healthy fluid intake and urination behaviors.



2 Methods


2.1 Study design

The survey was conducted from October 1 to October 31, 2019. Considering the influence of the relatively large geographical span of China, five cities from different geographical regions were selected in our present study, including Taiyuan, Jinan, Hefei, Nanchang, and Guangzhou. Jinan, Hefei, and Nanchang are located in Central China, while Jinan is located in the north, while Hefei and Nanchang are located in the south. Taiyuan is located in North China, and Guangzhou is located in South China. A stratified random sampling method was used to recruit the elderly. Participants from five cities in China were enrolled in this study.



2.2 Sample size calculation

In our study, the sample size (n) was calculated using the following formula: n = t2P(1–P)/e2 (58). In the formula, “t” represents the corresponding statistic value when the confidence was set as 95%, that is, α = 0.05 and t = 1.96. In addition, “e” represents the error and was set as 5%. One study conducted among the elderly in China revealed that the detection rate (P) of adults with a fluid intake under the recommended amount of adequate fluid intake was 32.4% (59). The prevalence of frequent or urgent urination found in 1164 patients, which was 24.3% (60). The calculated sample size was 337 when P was set as 32.4%; and the calculated sample size was 283 when P was 24.3%. Considering stratification (five cities) and a missed follow-up rate of 10%, at least 374 participants were required for the study to achieve validity.



2.3 Participants

In October 2019, recruitment notices targeting the elderly in these five cities were published online. The inclusion and exclusion criteria, as well as an introduction to the research, were displayed. The inclusion criteria were as follows: age range between 60 and 80 years; living or working in Jinan, Taiyuan, Hefei, Nanchang, or Guangzhou for 3 months or more before study; having a good mental state; and the capacity to fill in questionnaires independently. The exclusion criteria were as follows: diseases relating to cognitive dysfunction, schizophrenia, other mental disorders, chronic kidney disease, or urinary system diseases; damage to the nervous system; having a pacemaker or other embedded electronic medical devices; having physical activity disorders; receiving treatment involving a restricted diet or fluid intake; having a history of using any diuretics or related medications; and having a history or habit of excessive drinking. Registration information was collected using electronic questionnaires. After being included in the study, all participants signed informed consent forms.



2.4 Ethical standards

The study protocol was reviewed and approved by the Ethical Review Committee of Peking University. The ethical approval project identification code is IRB 00001052-18039. The study protocol was registered on the Chinese Clinical Trial Registry website under trial registration number Chi CTR 1900023355. The study was conducted in accordance with the principles of the Declaration of Helsinki. Prior to the beginning of the study, written informed consent forms were obtained from all the participants before the study voluntarily. The participants and the researchers each reserved one copy of the informed consent form.



2.5 Study procedure

Participants’ height and weight were measured after they were enrolled. After training by the researchers, fluid intake behaviors and urination behaviors were recorded for 7 consecutive days by the participants. From day 1 to day 7, their fluid intake behaviors were recorded using the 7-day 24 h fluid intake questionnaire in real time under free-living conditions (61). Participants’ TFI values were evaluated and recorded by themselves using a uniformly customized cup with a scale to the nearest 10 mL as a reference. However, the water intake level from food was not measured or recorded. Using the validated 7-day 24 h urination behavior record, the participants’ urination behaviors was recorded by themselves in real time, including frequency of urination, time of urination, and urinary urgency. During the study period, the researchers guided the participants to complete the questionnaire and took photos for verification. Participants’ completed questionnaires were checked by the researchers every day. The indicators collected during different study time points are presented in Table 1.



TABLE 1 The indicators collected at different time points in the study.
[image: Table1]



2.6 Anthropometric measurements

A height–weight meter (HDM-300, Huajun, Zhejiang, China) was used to measure participants’ height and weight under fasting status. The participants were dressed in light clothing and stood barefoot on the meter with their backs facing the scale, their torsos naturally straight, and their heads remaining upright throughout the process. The height and weight of the participants were measured twice to the nearest 0.1 cm and 0.1 kg, respectively. The averages for height and weight were calculated. Then, their BMI values were calculated: BMI (kg/m2) = weight (kg)/height (m) squared.



2.7 Measurement of daily total fluid intake behaviors

In our study, total water intake includes two parts, namely, fluid intake from water and beverages (accounting for 50% approximately) and water intake from food (accounting for 40% approximately) (22). Daily TFI refers to the amount of fluid intake from water and beverages, excluding water from food. A 7-day 24 h fluid intake questionnaire was used to record fluid intake behaviors, including daily TFI and patterns of fluid intake. This questionnaire has been validated and applied in a large body of research and practical work (62–64). It is an authoritative and commonly used questionnaire in different countries in the field of fluid intake. It has undergone consultation with experts and repeated argumentation, and expert consensus has been reached. It was based on the validated questionnaire used in previous studies, which was revised in line with the purpose of this survey (65, 66). After undergoing standardized training by the researchers, TFI levels were collected and recorded using the 7-day 24 h fluid intake questionnaire by the participants. A customized cup was used to measure the fluid intake level for each time period over the 7 consecutive days, whose scale was accurate to 10 mL. According to the General Standard for Beverages of China (GB/T 1-789-2015) and the methods used in previous studies, all the drinking fluids were classified into plain water, dairy products, tea, sugar-sweetened beverages, plant protein beverages, fruit/vegetable juices, and other beverages (67–69). The types of plain water included in the study referred to tap, packaged, or mineral and purified. The types of dairy products referred to pure milk, yogurt, and other dairy products without the addition of sugar in the production process. Sugar-sweetened beverages (SSBs) refer to beverages with the addition of sugar in the beverage production process, including carbonated, coffee, plant-based, flavored, protein, and special-purpose beverages. Plant protein beverages refer to products made using plant fruits, seeds, or kernels with a certain amount of protein as raw materials, with or without the addition of other food raw materials, including soymilk, soybean milk, soybean milk beverages, and coconut milk. The types of tea included self-made green, scented, and black, excluding tea beverages that include added sugar. Fruit and vegetable juice refers to beverages made from various fruits and vegetables through grinding, pressing, and other processes, excluding beverages with added sugar, fruit- and vegetable-flavored beverages. Beverages that do not belong to the above classification were classified as other beverages. The time and location of fluid intake behaviors were recorded by the participants. The records were captured and sent to the investigators using a mobile phone every day, which were then reviewed to ensure the accuracy and completeness of the fluid intake records.

Regarding time periods of fluid intake, the day was divided into eight time periods: before breakfast, during breakfast, after breakfast, during lunch, after lunch, during dinner, after dinner, and at night. The morning referred to “before breakfast,” “during breakfast,” and “after breakfast” periods, whereas the afternoon referred to “during lunch” and “after lunch” periods, while the evening referred to “during dinner,” “after dinner,” and “night” periods.



2.8 Measurement of urination behaviors

A 7-day 24 h urination behavior record was used to record the information regarding participants’ urination behaviors after training. The record was designed based on a previous questionnaire through expert consultation and was concerned with the frequency of urination, time of urination, and urinary urgency (43, 54).

The frequency of urination was recorded as the number of times the participant urinated per day, from the first urination of the day after waking up to the last urination before waking up the next day. The 7-day average frequency of urination was calculated from these numbers.

Regarding the time periods of urination, the day was divided into eight time periods: before breakfast, during breakfast, after breakfast, during lunch, after lunch, during dinner, after dinner, and at night. The morning referred to “before breakfast,” “during breakfast,” and “after breakfast” periods, whereas the afternoon referred to “during lunch” and “after lunch” periods, while the evening referred to “during dinner,” “after dinner,” and “night” periods.

According to the International Continence Society report on urinary function, frequent urination was defined as urinating more than 7 times during the day (70), and nocturia was defined as urinating more than 1 time at night (71).



2.9 Temperature

According to data from the China Meteorological Administration, the daily minimum and maximum temperatures in the five cities, including Taiyuan, Jinan, Hefei, Nanchang, and Guangzhou, during the survey period were recorded. The temperature of the day was defined as the median temperature, and the average temperature in each city during the study period was calculated.



2.10 Quality control

A unification procedure was established before the study. This survey was conducted after unified training for researchers and participants. Study guidance was developed for the study, including the research protocol, questionnaire and records, methods, and procedures. Effective and convenient methods of communication between the participants and investigators were used to improve the follow-up rate and quality of the data, such as home visits and telephone calls. The time and reasons for dropout were also recorded in detail. Throughout the study period, all the procedures were strictly supervised by researchers for quality control. Double-checking was performed on the completed questionnaires each day. Before data inputting, the researchers coded and checked each item in the questionnaire and cleared the error items.



2.11 Statistical analysis

The EpiData 3.1 software was used to establish the database, and data entry was carried out via the double-entry method to check and clean up the wrong items promptly. SPSS Statistics 26.0 (IBM Crop, Armok, NC, USA) was used to perform the statistical analysis. The participants were divided into four groups according to the quartile of their sex. The data were subjected to normality tests. The results were reported as mean ± standard deviation (SD) if the data were normally distributed. If not, then the median and quartile ranges (M and Q) were used to reveal the data. Differences in the normally distributed data (reported as mean ± SD), such as age, height, weight, and BMI, were compared using one-way ANOVA among different groups. Kruskal–Wallis rank-sum tests were used to compare the differences in the non-normally distributed data (shown as M and Q) among different groups. Count data were described as n (percentage), and a chi-square test was used to compare the differences in these indexes. The Student–Newman–Keuls (SNK) method (p < 0.05) was used to compare the differences evident between each of the two groups. Linear regression models were used to examine the relationships between urination frequency and fluid intake behaviors in 24 h. Spearman’s correlations were used to analyze the correlations between night urination frequency and fluid intake behaviors. Since urination in the night is a binary variable, point biserial correlations were used to analyze the correlations between fluid intake behaviore and urination at night. The significance level was set at 0.05 (p < 0.05).




3 Results


3.1 Participants’ characteristics and temperature

A total of 551 participants from five cities who met the inclusion criteria were enrolled in this study. No participant lost contact during the investigation period. Among them, 27 dropped out voluntarily due to incomplete data. After invalid questionnaires were eliminated, the data of 524 participants remained for analysis, with a completion rate of 95.1% (Table 2).



TABLE 2 Characteristic of the participants.
[image: Table2]

The participants included 233 men (44.5%) and 291 women (55.5%). Their average age was 69.7 years, which differed significantly between the participants from five cities (F = 5.965 p < 0.05). Their average BMI was 26.3 ± 2.5 kg/m2. Participants were divided into four groups according to the quartiles of their BMI (Q1: 17.8 ~ 24.4, Q2: 24.5 ~ 25.7, Q3: 25.8 ~ 27.7, Q4: 27.7 ~ 36.6) (Tables 3–5).



TABLE 3 Fluid intake patterns of the participants with different characteristics.
[image: Table3]



TABLE 4 Daily fluid intake of participants with different characteristics in different time periods.
[image: Table4]



TABLE 5 Description of urination behaviors with different characteristics.
[image: Table5]

During the study period, the average temperatures calculated in Jinan, Taiyuan, Nanchang, Hefei, and Guangzhou were 17°C, 13°C, 22°C, 19°C, and 26°C, respectively.



3.2 Fluid intake patterns of the participants with different characteristics

Among the 524 participants, the median daily TFI was 1,241 mL, as the median values for five cities were 1,401 mL, 1,219 mL, 1,164 mL, 1,369 mL, and 1,231 mL, respectively. The results showed that participants from Taiyuan had the highest median of TFI, while those from Hefei had the lowest one (H = 10.347, p < 0.05). Comparing the TFI of male participants and female participants, no significant differences were found between the participants in the two groups (p < 0.05), while the fluid intake of different types differed significantly (all p < 0.05). The percentage of participants who had not meet the recommendations of adequate fluid intake level in China was 73.3% (79.0% for male participants, 68.7% for female participants), based on a fluid intake of 1.7 L for male adults and 1.5 L for female adults by the Chinese Nutrition Society (72). Plain water was the main source of fluid intake, accounting for 69.9%. By comparing the results of five cities, it was found that the participants of Taiyuan had the highest intake levels of plain water and dairy products (1,049 mL, 217 mL, respectively). The participants of Jinan had the highest levels of tea intake (M = 114 mL). The elderly in all five cities had low intake levels of SSBs (Table 3).

Regarding BMI, dairy product intake between the total participants and female participants differed significantly between the four groups (H = 8.784, p < 0.05, H = 8.625, p < 0.05). Participants with normal BMI (17.8 ~ 24.4) had the highest dairy products intake level. The intake level of tea was significantly different among the four groups of male participants (H = 9.138, p < 0.05).

Few people consumed soybean milk, fruit/vegetable juices, and other beverages, and the intake levels were very small. Therefore, the data are not presented in the table (Table 3).



3.3 Daily fluid intake of participants with different characteristics in different time periods

The median TFIs of the participants in morning, afternoon, and evening were 594 mL, 305 mL, and 342 mL, respectively. There existed statistically significant differences in terms of fluid intake between the three periods (H = 619.948, p < 0.05). Significant differences were found in the frequency of fluid intake between the morning, afternoon, and evening periods (H = 660.417, p < 0.05). Among all participants, fluid intake and fluid intake frequency in the morning had the highest median values. The fluid intake in the morning differed significantly among the participants in the five cities (H = 14.540, p < 0.05). No significant differences were observed in terms of fluid intake in the afternoon and evening among the participants in the five cities (both p > 0.05). The fluid intake frequency of the participants of the five cities in three periods differed significantly (all p < 0.05). The participants with a BMI between 17.8 and 24.4 kg/m2 had the highest fluid intake frequency in the morning (M = 3.1) (Table 4).



3.4 Urination behaviors of participants with different characteristics

The median frequency of urination of all participants was 7.0 times during the day and 0.7 times in night. There was no statistically significant difference in the frequency of urination between male and female participants (7.0 times per day and 0.7 times per night for both). The frequency of urination differed significantly between participants from five cities (H = 44.337, p < 0.05) and among the BMI groups (H = 8.686, p < 0.05). Approximately 4.3% of the participants urinated more than seven times during the day, and 77.5% of participants urinated one time or more during the night across the five cities. For total and female participants, the percentage who urinated more than seven times during the day differed significantly between different cities (H = 34.318, p < 0.05; H = 28.028, p < 0.05). For female participants, there existed significant differences in the percentage who urinated more than seven times during the day between the four groups of BMI (H = 9.767, p < 0.05). The percentage of participants who urinated more than once during the night differed significantly between males and females (H = 5.827, p < 0.05) and between different cities (H = 32.483, p < 0.05) (Table 5).



3.5 Correlations between fluid intake behaviors and urination behaviors

Linear analysis showed that higher TFI, plain water intake, dairy products intake, and fluid intake frequency were significantly associated with higher urination frequency (t = 6.553, p < 0.05; t = 5.291, p < 0.05; t = 4.667, p < 0.05; t = 13.413, p < 0.05). Inatead, higher fluid intake per time was significantly associated with lower urination frequency (t = −3.562, p < 0.05) (Table 6).



TABLE 6 Correlations between urination frequency and fluid intake behaviors in 24 h.
[image: Table6]

The correlations of urination frequency, urination in night and fluid intake behaviors were also analyzed in the present study. The results showed that there exist correlations between urination frequency and TFI, fluid intake in afternoon, fluid intake frequency in afternoon, and fluid intake in night, and fluid intake frequency in night (all p < 0.05). Correlations were found between urination in night and TFI, fluid intake frequency, fluid intake in night, and fluid intake frequency in night (all p < 0.05) (Table 7).



TABLE 7 Correlations between fluid intake and urination behavior at night.
[image: Table7]




4 Discussion

In the present study, over half of the participants did not meet the recommended amount of adequate fluid intake in China (excluding water from food, 1.7 L/d for male adults and 1.5 L/d for female adults). Statistical differences between the participants from different cities exist. This may be influenced by the inhabitants’ habit of drinking soup or eating rice soaked in soup in Guangzhou, which may increase the proportion of water intake in food sources, leading to a decrease in fluid intake levels (73). In addition, considering the temperature differences of five cities (up to even 13°C), the fluid intake behaviors may be influenced by water loss caused by sweating and heat dissipation. This was similar to the result of a study showing that fluid intake from beverages was positively associated with temperature. The results obtained in this study suggest that attention should be paid to promoting knowledge and skills related to fluid intake of the elderly through health education. A survey conducted on 413 middle-aged and elderly people aged 50 ~ 75 years in Jinan, China, found that the median TFI of people over 60 years old ranged from 950 to 1,050 mL. This was lower than the median TFI of the elderly in Jinan city (1,219 mL) in our study. This may be influenced by different study methods, as a 24-h recording method for 7 consecutive days was used in our study, while recording across four consecutive days was used in the previous one (34). The water requirements of the elderly were affected by many factors, including micro-environment (temperature, humidity, wind speed), individual health status, and physical activity (21, 22). This study found that plain water was the main source of TFI for participants, accounting for 69.9%. This was similar to the results gathered among adults in different stages in China (74–76). Dairy products were the second-highest contributors to fluid intake among the participants. However, the milk intake level (M = 193 mL) was much lower than the recommended amount by the Chinese Nutrition Society (300 mL) (22). Compared with previous studies conducted in China, the elderly had higher tea intake than young adults and pregnant women (74, 75). It should be noted that there existed differences in fluid intake patterns between the five cities, which suggested that health education and strategies suiting local conditions should be conducted. Besides, it was revealed that the fluid intake level in the morning was much higher than the levels in afternoon and evening (Table 4). This may be due to the Chinese dietary habits, as breakfast often goes with congee (a Chinese rice gruel eaten for breakfast).

The frequency of urination in healthy adults is 4 ~ 8 times per day (77). Frequent urination was defined as urinating more than seven times during the day (70). Nocturia was defined as urinating more than once at night to urinate, according to the International Continence Society report on urinary function (71). In our study, the percentage of participants urinating more than seven times per day was 44.3%, and the incidence of nocturia was 77.5%. Compared with earlier studies conducted in China, the incidence of frequent urination and nocturia in our study is higher than the results among female senior citizens (25, 40%) (78) and college students (25, 40%) (79). The results were consistent with those observed in previous studies, which have revealed that frequent urination and nocturia have a higher incidence in the elderly. A study on the hospitalized elderly in Rome showed that the incidence of frequent urination was 67% (80). This may possibly be due to the decrease in bladder storage capacity with age, resulting in an increase in urination frequency. Furthermore, it is worth noting that frequent urination and nocturia are manifestations of kidney diseases such as chronic kidney disease and overactive bladder and may also be caused by mental stimulation or excessive drinking water (81). A study conducted on the elderly in Sweden showed that the incidence of nocturia was approximately 70% (82). Another study suggests that urinating at night in the elderly is a normal feature of physical decline (83). For the elderly, frequent urination can lead to multiple visits to the toilet. Urination at night influences sleep quality and increases the risk of falls and fractures (84).

It should be noted that the result of our study revealed that correlations exist between fluid intake frequency and nocturia. This suggests that nocturia in the elderly can be improved by limiting their fluid intake behaviors before bedtime, including volume and frequency. Thus, the sleep quality of the elderly could be improved in this way. In recent years, many studies on fluid intake and urination have been carried out in many countries on individuals of different ages. Some of them explored the effect of fluid intake on the urinary system in order to seek economic, safe, and simple approaches for the prevention or treatment of urinary system diseases (85, 86). The results in our present study were consistent with the results obtained from a controlled trial study on the elderly (87). The studies modified their lifestyles and restricted fluid intake to seek measurements in treating nocturia. The results showed that mean nocturnal urination times and volume decreased significantly from 3.6 to 2.7 times and from 923 to 768 mL, respectively. Another study revealed that guidance on water intake had an effect on the degree of nocturia, which concluded that fluid restriction should be performed not only in the evening but also during daytime (88). However, few studies found that there was no clear association between fluid intake and nocturia (89). The possible reason may be that the subjects were patients with urinary system disorders, and the urine metabolism had been disturbed. A previous study collected short-term urination, which was separated within 24 h, revealed that there were daily fluctuations in urine production (90). Influenced by the circadian pattern of arginine vasopressin release, urine volume was lower overnight, throughout the morning, and in the evening before going to sleep (91). These physiological factors should be considered when developing fluid intake strategies to improve urination behaviors. In addition, urine osmolality was always chosen as the indicator to evaluate hydration status when exploring the influence of fluid intake on hydration status. However the time period of urine collection and testing is worth considering as an influencing factor.

A previous study found that participants’ hydration status may be closely correlated with their fluid intake, urination behavior, and urine indicators. Research conducted on young people in China also revealed similar results (77, 92). Therefore, it is of great importance to explore suitable urine indicators to evaluate hydration status. Considering climate factors, fluid intake surveys should be conducted among the elderly of different age groups in other cities, which could represent seven major geographical divisions in China in the future. Daily losses of sweat, urine, and respiratory water, as well as the sensation of thirst caused by fluid consumption, can lead to a response to the physiological regulation of total body water. From the available literature and clinical findings, it is suggested that increasing fluid intake may play a potential role in altering the concentration of biomarkers in plasma, such as copeptin (93). Previous studies have indicated that individuals with habitually higher fluid intake have higher 24 h urine volume, higher urination frequency and higher urine concentration (94, 95). According to the above results, meeting the recommended amount of adequate fluid intake and allocating the appropriate frequency are challenges to the fluid intake literacy concerning the elderly.

Regarding the strengths of this study, to our knowledge, it was the first to investigate fluid intake patterns and urination behaviors among healthy elderly people in China. In the present study, the fluid intake patterns of the participants were investigated in detail, including different fluid types, frequency, and time. Moreover, we assessed the influence of fluid intake on urination behaviors at night so as to develop measures from the perspective of forming scientific water intake behaviors to improve the sleep quality of the elderly. In addition, a real-time recording for 7 consecutive days was used in this study to investigate urination behaviors. This could not only get more detailed, accurate, and dynamic data but also avoid the recall bias that commonly existed in retrospective investigations. Finally, we explored the association between fluid intake behaviors and urination behaviors in this study. This could reveal urination behaviors’ possibility of being indicators in evaluating fluid behaviors and hydration status. Despite the advantages mentioned above, the study did have some limitations. It is rather remarkable that only fluid intake levels were examined in the current study, as the levels of water obtained from food were not investigated. However, our previous research has shown that this was an important component of total water intake, which accounts for 50.7 to 51.5% (96). Participants with different TFI levels may have differences in water intake levels from food. Hence, i great importance is attached to conduct research on the dietary intake of participants to obtain the total water intake value. In addition, a previous study demonstrated that 24 h urine volume could be affected by fluid intake patterns, while the data were not collected in our study. Another concern about the findings was that the five cities in this study were not well-distributed, and the fluid intake levels of their inhabitants may be seasonally affected. As a result, this may lead to a limitation in the comprehensiveness of the time-point data obtained from this cross-sectional survey (97). Therefore, fluid intake research conducted across different times and different geographical regions in China should be considered. In this survey, the urine color of the participants was not explored and analyzed through objective and accurate measurements. Previous studies conducted on different participants indicated that differences in urine color were related to dehydration and hydration status (98–100). From these observations, great importance is attached to further exploring whether urine color can be an indicator of dehydration. In addition, blood and urine biomarkers were not tested in the present study. Hence, it is hard to assess the hydration status of the elderly so as to further explore the relationship between their fluid intake level and dehydration. In future studies, urine biomarkers, especially urine-specific gravity, should be tested to identify dehydration accurately and to explore its role in evaluating hydration status.



5 Conclusion

The TFI was inadequate for the elderly, with 73.3% of participants under the recommended amount of adequate fluid intake in China. The elderly exhibited several unhealthy urination behaviors, including urination at night. Participants with lower fluid intake levels had lower urination frequency, and participants with higher fluid intake and frequency experienced incidence of nocturia. Age and BMI were not the main influencing factors for fluid intake and urination behaviors. The results can contribute to strategies for promoting healthy fluid intake and urination behaviors, further improving the health of the elderly. Further studies for nationally representative data with more detailed detection of fluid intake, urine biomarkers, and hydration status are necessary to effectively analyze their impact on health for the elderly.
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Spearman's correlation coefficients were used to analyze the correlations among urination frequency and fluid intake behaviors. Point biserial correlations were used to analyze the correlations
among luid intake behaviors and night urination. “Value means the participants who have urination at night (Once participants engaged in urination at night,they were included in the “21”
group, otherwise they were not). *Means that there were statistically significant correlations, a the value of p was less than 0.05. TFI: total fluid intake.
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