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Background: Water intake and hydration status have been reported to fluctuate throughout the year. This study investigated seasonal fluctuations of total water intake and hydration status among young adults in Baoding, China.

Methods: This prospective cohort study enrolled 82 young adults aged 18–23 years in Baoding, China. Total drinking fluids consumed and water from food were assessed, and the osmolality and electrolyte concentrations of 24-h urine and fasting blood samples were determined. Differences among the four seasons were compared by mixed linear models, followed by determinations of least-significant differences (LSD), with spring used as the reference.

Results: Seventy-nine participants (43 men and 36 women) completed the study. Total water intake (TWI) was 359 ~ 429 mL higher in spring and summer than in autumn and winter and was 116 mL higher in summer than in winter (all p < 0.05). Chinese recommendations for TWI were met by 13.9% to 22.8% of participants, and recommendations for total fluid intake were met by 10.1% to 16.5%, but these differences were not statistically significant (p > 0.05). Urinary and plasma biomarkers differed significantly among the four seasons (p < 0.05), with osmolality and urine specific gravity (USG) being significantly higher in summer than in other seasons (p < 0.05). The percentage of participants with optimal hydration status increased from 38.0% in summer to 62.0% in spring (p < 0.05). Men had more concentrated urine as well as higher plasma osmolality and solute concentrations than women during each season of the year (p < 0.05).

Conclusion: TWI and urinary and plasma biomarkers of hydration were found to vary seasonally among Chinese young adults, with hydration status being poorer in summer. Men need to pay more attention than women to maintain optimal hydration status.

Clinical trial registration: https://www.chictr.org.cn/showproj.html?proj=124857, ChiCTR2100045268.
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1 Introduction

Adequate water intake is necessary to maintain optimal hydration status and wellbeing. Dehydration, the process of losing water, has been found to impair endurance performances (1–3) and even the cognitive performance, including short-term memory and attention, among pilots, athletes, young adults, children, and the elderly (4–8). In addition, chronic dehydration was shown to be a risk factor for urinary calculi, bladder cancer, obesity, or other diseases (9–11). Overhydration is also detrimental to health, as it can lead to hyponatremia. In contrast, optimal hydration status, or euhydration, has been associated with lower rates of urinary tract infections, hypertension, and fatal coronary heart diseases.

Hydration status reflects the balance between water intake and loss. Water requirements vary by gender, age, and environment. Intake of fluids may also vary during different seasons of the year, affecting hydration status. Biomarkers for evaluating hydration status include a loss of body weight and urinary factors, including urine volume, osmolality, color, and urine specific gravity (USG) (12–14). Moreover, plasma, saliva, and tear osmolality were also found to be sensitive to changes in hydration status (15). No single standard method is currently available to determine hydration status in all environments, resulting in the condition-dependent application of biomarkers. A healthy sedentary adult is expected to lose a moderate amount of water, ranging from 1,800 mL to 3,000 mL, in an environment maintained at 18–25°C (16), with each 1°C increase in temperature increasing fluid intake by 5.69 g/d (17). Environmental conditions, including temperature and humidity, have been reported to affect the amount of water intake, but those studies did not evaluate hydration status (17–20). Because hydration status has been positively associated with water intake (21–23), changes in season may alter hydration status.

Studies in China have estimated that hydration status in spring and winter was suboptimal in approximately ~25.0–37.1% of participants, but those studies did not compare hydration status in spring and winter (24, 25). Despite the importance of preventing dehydration, data on hydration status in different seasons are limited, particularly in free-living conditions. Most research in this area has assessed the effects of heat exposure in summer on heat strain and cardiovascular response, with hydration status also examined. One study showed that workers were dehydrated at the start and end of their work day in summer, with 70% of these workers having heat stress had USG ≥1.020 (26, 27).

Studies investigating the effects of seasonal variations on hydration status have yielded contradictory results. For example, season did not affect hydration status, as assessed by urine indices, in children (20, 28–30), whereas elderly people in Japan were more dehydrated in spring than in summer (31). USG in children has been reported higher in winter than in summer (32), whereas loss of body weight in young adults was greater in summer than in winter (33). These contradictory findings were likely due to differences in the indices evaluating hydration status, the methods of assessing the impact of different seasons, and the age group of the participants.

These results suggested that young adults would have higher total water intake (TWI) and higher total drinking fluid intake, but more dehydrated, in summer than in the other seasons of the year. This study therefore examined total drinking fluid intake and hydration biomarkers in a sample of young adults in free-living conditions to estimate the effects of season on hydration status. These findings may enable the determination of whether higher temperature and humidity lead to poorer hydration status.



2 Materials and methods


2.1 Participants

This prospective cohort study enrolled young adults living in Baoding, Hebei Province, China. Recruitment notices were sent through WeChat and QQ (Tencent Holdings Ltd., Shenzhen, China), instant messaging apps widely used by college students. In addition, a campus talk on recruitment open to all college students was held. The study inclusion and exclusion criteria have been reported (34). Healthy males and females aged 18–23 years were included in the study. However, participants who were smokers, habitually consumed alcohol (>20 g/day) high levels of caffeine (>250 mg/day), and those who had chronic or other diseases were excluded from the study. Finally, the study recruited a total of 82 young adults, 44 men and 38 women.



2.2 Sample size calculation

Related studies among young male and female adults reported that the standard deviation of total drinking fluids was 468 mL (24, 34). Calculations using SAS software (SAS Institute Inc., Cary, NC) showed that, with δ set at 158 mL, α set at 0.05, and a drop-out rate of 20%, 74 participants were needed.



2.3 Study procedure

The study was carried out over 7 consecutive days each, 5 weekdays and 2 weekend days, in April, June, October, and December 2021, or a total of 28 days. On the first day of each study period, anthropometric measurements, including height, weight, and waist circumference, were taken. All participants were instructed to use the self-designed 7-day 24-h fluid intake questionnaire, with high validity and reliability (35, 36), to record the intake of fluids. In addition, all foods eaten for 3 consecutive days (2 weekdays and 1 weekend day) during each 7-day period were weighed and recorded. Participants collected 24-h urine samples, including the first morning urine, on days 5 to 7 (2 weekdays and 1 weekend day) of each 7-day period, and fasting blood samples of all participants were collected on day 6. Indoor and outdoor temperature and humidity were recorded each day using the WSB-1-H2 (Exasace, Zhengzhou, China). The study flow chart is shown in Figure 1. The study procedure is shown in Figure 2.
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FIGURE 1
 The flow chart.
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FIGURE 2
 The study procedure.



2.3.1 Anthropometric measurements

Height was measured two times to the nearest 0.1 cm, and weight was measured two times to the nearest 0.1 kg; waist circumference was assessed two times the nearest 0.1 cm with the participants wearing light clothes and no footwear (HDM-300; Huaju, Zhejiang, China; Accu Measure, Greenwood Village, CO, United States). Body mass index (BMI) was calculated as weight (kg)/height squared (m).



2.3.2 Measurement of total fluid intake

Total fluid intake was determined using a self-designed 7-day 24-h fluid intake record questionnaire. Participants were asked to drink any fluids using the cups that were accurate to the nearest 5 ml, and they were asked to record the type and amount of drinking fluid each time, which had been described in our previous study (37). In order to ensure the compliance of the participants, we established group leaders to supervise participants to record details of fluids intake; furthermore, we asked them to submit the questionnaire of previous day on the next morning and we checked the time, amounts, and related information of the total fluids intake; finally, we compared the amounts of the total fluids intake and the volume of urine according to the questionnaire. Water from food was measured using a duplicate portion method, with samples of food being collected and sent to the laboratory immediately (37).




2.4 Hydration biomarkers

Urinary biomarkers of hydration status included urine volume, osmolality, pH, USG, and electrolyte concentrations in 24-h urine samples. These samples, including the second urine of the first day and the first morning urine of the second day, were collected by participants using containers provided by the researchers, which were immediately sent to the laboratory and stored at +4°C. There were several methods to maintain the compliance of the urine collection. The participants were asked to immediately send every urine sample to the laboratory after collection using a black opaque bag. All of the participants were college students, and they were instructed to maintain their normal free - living conditions. The laboratory was on the campus, which was in the middle of the teaching building, dormitory building, and school cafeteria. During daytime hours, portable refrigerators were carried by our investigators to areas where participants frequently gathered. Subsequently, the investigators took charge of sending the urine samples to the laboratory. Or, participants could choose to send their urine samples to the laboratory on their own. We would still be in the laboratory from 5:00 am to 11:30 pm, so the participants could send urine samples themselves to the laboratory during this time. If they were not convenient to deliver, they could give the urine sample to the investigators in each building, then the investigators would send them to the laboratory. At night, each floor of the dormitory building was equipped with a portable refrigerator and so that the participants could put the urine samples into the refrigerator at night, then the investigators would send them to the laboratory in the morning.

Urine volume was measured to the nearest 0.1 kg using a desktop electronic scale (YP20001, SPC, Shanghai, China); osmolality was assessed with freezing point method (SMC 30C; Tianhe, Tianjin, China); USG, pH were evaluated by automatic urinary sediment analyzer with uric dry-chemistry method (H-800; Dirui, Changchun, China) and the electrolyte concentrations were determined by automatic biochemical analyzer with the ion-selective electrode potentiometer method (including sodium, potassium, chloride, calcium, magnesium and phosphate; AU 5800; Beckman, Brea, CA, United States) were tested by experienced laboratory technicians using standard procedures, as previously described (37).

Plasma biomarkers of hydration status included osmolality, electrolyte concentrations (including sodium, potassium, chloride, calcium, magnesium, and phosphate), and creatinine and blood urea nitrogen (BUN) concentrations. All of these biomarkers were tested in fasted blood obtained on day 6 by experienced laboratory technicians using standard procedures (37).



2.5 Statistics

Data were presented as mean ± standard deviation (SD) or number (%). Optimal hydration was defined as urine osmolality ≤500 mOsm/kg and dehydration as urine osmolality >800 mOsm/kg (24, 38). Differences during the four seasons of the year were compared using mixed linear models, with adjustments for sex, age, and BMI, followed by determinations of least-significant differences (LSD), with spring set as the reference. All statistical analyses were performed using SAS 9.2 software (SAS Institute Inc., Cary, NC, United States), with statistical significance set at p < 0.05.




3 Results


3.1 Study participants

Of the 82 subjects recruited, 79 (96.3%), consisting of 43 men and 36 women, completed the study. Table 1 shows the characteristics of the participants during all four seasons of the year. Mean weight and BMI were found to differ significantly during the four seasons (p < 0.05).



TABLE 1 Demographic characteristics of the study subjects by seasons of the year.
[image: Table1]



3.2 Temperature and humidity

Average indoor temperatures for the 7 days in spring, summer, autumn, and winter were 23.4°C, 27.0°C, 23.0°C, and 22.6°C, respectively, whereas average outdoor temperatures were 18.1°C, 28.1°C, 14.7°C, and 2.7°C, respectively (Table 2). Average indoor humidity during these four seasons was 48, 47, 44, and 40%, whereas average outdoor humidity was 55, 47, 52, and 63%, respectively. Indoor and outdoor temperatures differed significantly during the four seasons (p < 0.05), whereas indoor and outdoor humidity did not (p > 0.05).



TABLE 2 Temperature and humidity over 7 days during each of the four seasons.
[image: Table2]



3.3 Total water intake

TWI, total fluid intake, and water from food differed significantly during the four seasons of the year (all p < 0.05). TWI was 359 ~ 429 mL higher in spring and summer than in autumn and winter and 116 mL higher in summer than in winter (Table 3). Total fluid intake did not differ significantly in autumn, spring, and winter (p > 0.05). Chinese recommendations for TWI were met by 13.9 to 22.8% of participants, with the highest percentage in spring, but these differences were not statistically significant (p > 0.05). Chinese recommendations for total fluid intake were met by 10.1 to 16.5% of subjects, with the highest percentage in summer, but these differences were also not statistically significant (p > 0.05).



TABLE 3 Characteristics of total water intake among young adults.
[image: Table3]



3.4 Hydration biomarkers

Table 4 shows mean urinary volume; osmolality; Na, K, Cl, Ca, phosphate, and Mg concentrations; USG and pH of the 24-h urine samples. Urine samples from men were more concentrated than those from women during each season (p < 0.05), with the proportions of women having optimal hydration status being higher than those of men during each of the four seasons (all p < 0.05).



TABLE 4 Properties of 24-h urine samples obtained from young adults.
[image: Table4]

Urine volumes were significantly higher in summer, winter, and spring than in autumn (p < 0.05), but did not differ significantly in spring and winter (p > 0.05). Urine osmolality and USG paralleled urine volume, being highest in summer and lowest in autumn (p < 0.05), Moreover, 17.7% ~ 24.0% more participants were in optimal hydration status in spring, autumn, and winter than in summer (p < 0.05). Electrolyte concentrations also showed seasonal differences (p < 0.05), with Na concentrations being highest in summer and lowest in winter (p < 0.05); K concentrations being higher in spring, summer, and autumn than in winter (p < 0.05); Cl concentrations being highest in summer and lowest in spring and autumn (p < 0.05); Ca and Mg concentrations being highest in summer and lowest in autumn (p < 0.05); phosphate concentrations being higher in summer and winter than in spring (p < 0.05); and pH being lowest in winter (p < 0.05).



3.5 Plasma indices

Mean plasma hydration biomarkers, including osmolality and concentrations of Na, K, Cl, Ca, phosphate Mg, creatinine, and blood urea nitrogen (BUN) in fasting blood samples, are presented in Table 5. All of these biomarkers were within their normal physiological ranges. Plasma hydration biomarkers were found to differ significantly in men and women during spring, summer, autumn, and winter (p < 0.05).



TABLE 5 Composition of blood samples obtained from young adults.
[image: Table5]

All plasma biomarkers differed significantly during the four seasons of the year (p < 0.05). Osmolality was highest in summer and lowest in spring (p < 0.05); Na concentration was lower in summer than during the other seasons (p < 0.05); K concentration was highest in autumn and lowest in spring (p < 0.05); Cl concentration was higher in spring and summer than in autumn and winter (p < 0.05); Ca concentration was lowest in summer and highest in winter (p < 0.05); phosphate concentration was highest in winter and lowest in spring (p < 0.05); Mg concentration was higher in autumn and winter than in spring and summer (p < 0.05); creatinine concentration was higher in summer and winter than in spring and autumn (p < 0.05); and BUN concentration was lower in spring than during the other seasons (p < 0.05).




4 Discussion

To our knowledge, this study is the first to evaluate the effects of season on total drinking fluids intake and hydration biomarkers among young adults in China, finding that urinary osmolality, USG, and electrolyte concentrations were higher in summer than in the other seasons of the year. Moreover, plasma osmolality and the concentrations of some ions were higher in summer, despite TWI and total fluid intake also being higher in summer.

TWI was found to be 359 ~ 429 mL higher in spring and summer than in autumn and winter and 116 mL higher in summer than in winter. A study in Germany also found that TWI increased in summer and decreased in winter (39), and a study of 59 male foresters in Poland reported that TWI was lower in winter (1,009 mL) than in summer (1,189 mL), but similar in winter and autumn (871 mL) (40). Seasonal variations in TWI were likely due to variations in temperature and humidity. The present study also found that the proportions of participants who met Chinese recommendations for TWI and total fluid intake were higher in spring and summer, but the differences were not statistically significant. These findings indicate that fluid intake was stable among young adults, suggesting the need for considerable efforts to change behavior. Moreover, stable fluid intake among adults may indicate a lack of knowledge of recommended fluid intake.

The present study also found that the volume of urine was lowest in summer and highest in autumn, with no significant differences between spring and winter, findings consistent with previous results. For example, a cross-sectional study of young adults showed that the urinary volume was 252.3 mL higher in winter than in summer (41), with warmer temperatures in the summer being associated with reduced urine volume (42). In contrast, other studies found that urine volume did not differ across seasons (43, 44).

This study found that the percentage of participants with optimal hydration status was lowest in summer, accompanied by higher levels of urine osmolality and USG, similar to previous findings (45). These results suggested that participants were more likely to be dehydrated in summer. The similar urine osmolality in summer and winter in the present study may be due to the use of heating equipment in winter 2021 in Baoding, Hebei Province. During that winter, every classroom and dorm room in Baoding was heated, with room temperature maintained at approximately 23°C, possibly increasing water loss from the skin. In addition, young adults spent much more time indoors (20 h) than outdoors (4 h) (19). Although vasopressin concentrations also varied seasonally, peaking during the winter (46), additional studies are required to determine the causes of increased urine osmolality during the winter.

Physiologically, dehydration occurs through passive exposure to a hot environment, exercise, or water restriction. Living in hot environments increased the dehydration rate among free-living subjects. Moreover, 37.2% of Chinese subjects living in a mild climate, with a temperature of 20.7°C, were found to be hydrated (37). Studies assessing seasonal hydration status have reported contradictory results. For example, hydration status, as evaluated using urine biomarkers, did not vary seasonally. USG in summer and winter did not differ significantly among children living in a Mediterranean climate (28) and did not differ seasonally in 60 healthy men (29). Moreover, studies assessing hydration status among adolescents of a mean age of 15.1 years (32) and of elderly subjects in Japan (31) found that USG was higher in winter than in summer. The participants in the present study were aged 18–23 years, the climate of Baoding included four distinctive seasons and hydration biomarkers were evaluated using 24-h urine samples. In contrast, Cyprus has mild winters and hot summers, the participants included adolescents and persons aged >60 years, and hydration markers were evaluated using first morning urine samples. Biomarker concentrations in first morning urine samples were proportional to those in 24-h urine samples, but the former were not as sensitive in monitoring changes in hydration status (22, 23).

Supplemental water intake may be insufficient to maintain hydration status under conditions of high sweat loss, as in summer. The present study found that urine concentrations were higher in summer than during other seasons, whereas an evaluation of 40 male subjects found that the levels of urinary Na and Ca excretion were significantly higher in winter than in summer (47). Na and K excretion levels in the first morning urine samples, however, did not differ seasonally in 104 healthy preschool children (44). Many factors may contribute to these contradictory results, including the age and race of subjects, the climate in which they live, and laboratory testing methods. Measurements of urine osmolality during the four seasons of the year in the present study indicated that approximately 38% ~ 69.6% of participants were either dehydrated or had middle hydration status, depending on the season. Thus, maintaining optimal hydration status is a challenge, even in cold climates.

The results of this study indicated that the prevalence of increased plasma osmolality was higher in summer than in the other seasons, as were plasma concentrations of electrolytes and creatinine. Plasma osmolality was maintained between 275 and 295 mOsm/kg by thirst and vasopressin release. Because of their vital importance in the cardiovascular system, these plasma variables may not be influenced until large amounts of body fluids are lost (47). Indeed, previous studies showed that plasma osmolality remained stable over a wide range of intake of fluids, from 681 mL to 1,135 mL (37, 48). Plasma osmolality ≥290 mOsm/kg is considered indicative of dehydration (49–51). In the current study, plasma osmolality ≥290 mOsm/kg was observed only during the summer, suggesting that participants were at high risk of dehydration during the summer. Moreover, other studies confirmed the seasonal variations of plasma osmolality (31, 52).

The strengths of this prospective cohort study include the participation of young adults in free-living conditions, the collection of 24-h urine samples for 3 consecutive days (2 weekdays and 1 weekend day), and the analyses of these samples by professional investigators.

One limitation of the present study was the subject population, consisting of elite young men and women, suggesting that these findings may not be generalized to other age groups. Furthermore, the sweating of the participants and the total body water measured from the BIA or other methods during each season were not assessed either. Additional studies are needed should examine whether our findings can be confidently extrapolated beyond the participants used.



5 Conclusion

TWI, total fluid intake, and hydration biomarkers in urine and plasma were found to vary seasonally among young adults, with TWI and total fluid intake being higher and hydration status lower during the summer than during other seasons. Young adults should be educated on optimal fluid intake, and their hydration status should be monitored during each season of the year.
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