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Abstract

Background—Adequate water intake is critical to physiologic and cognitive functioning.
Although water requirements increase with body size, it remains unclear whether weight status
modifies the relation between water intake and hydration status.

Objective—We examined how the association between water intake and urine osmolality, which
is a hydration biomarker, varied by weight status.

Design—NHANES cross-sectional data (2009-2012) were analyzed in 9601 nonpregnant adults
aged =20 y who did not have kidney failure. Weight status was categorized with the use of body
mass index on the basis of measured height and weight (underweight or normal weight,
overweight, and obesity). Urine osmolality was determined with the use of freezing-point
depression osmometry. Hypohydration was classified according to the following age-dependent
formula: 2831 mOsm/kg — [3.4 x (age — 20 y)]. Total water intake was determined with the use of
a 24-h dietary recall and was dichotomized as adequate or low on the basis of the Institute of
Medicine’s adequate intake recommendations for men and women (men: =3.7 or <3.7 L;
nonlactating women: 22.7 or <2.7 L; lactating women: =3.8 or <3.8 L for adequate or low intakes,
respectively). We tested interactions and conducted linear and log-binomial regressions.

Results—Total water intake (P = 0.002), urine osmolality (£ < 0.001), and hypohydration
prevalence (< 0.001) all increased with higher weight status. Interactions between weight status
and water intake status were significant in linear (£ = 0.005) and log-binomial (£= 0.015) models,
which were then stratified. The prevalence ratio of hypohydration between subjects with adequate
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water intake and those with low water intake was 0.56 (95% CI: 0.43, 0.73) in adults who were
underweight or normal weight, 0.67 (95% ClI: 0.57, 0.79) in adults who were overweight, and 0.78
(95% CI: 0.70, 0.88) in adults who were obese.

Conclusion—On a population level, obesity modifies the association between water intake and

hydration status.

Keywords
effect modification; hydration status; NHANES; obesity; water intake

INTRODUCTION

Water is an essential nutrient, and meeting water needs is critical to cognitive and
physiologic functioning (1-3). The consequences of even mild dehydration have been
associated with increased risk of kidney stones, exercise-induced asthma, poorer cognitive
function (e.g., poorer mood scores, increased fatigue, and increased pain perception) (2-6),
and impaired aerobic exercise tasks because of increasing heat storage and decreasing sweat
rates (7), and drinking water helps reduce these problems (8).

There is increasing interest in assessing the hydration status of populations and determining
the long-term impact of inadequate hydration (9, 10). However, a population-level
assessment of hydration status faces the challenge of a lack of a gold-standard laboratory
measurement of adequate hydration, especially in older adults (11, 12). The clinical
assessment of acute dehydration relies on the estimation of the loss of body water on the
basis of the percentage of body weight and clinical signs and symptoms (e.g., skin turgor,
absence of sweating and urine production, and cognitive function). However, epidemiologic
studies have defined hydration status on the basis of urine osmolality (hypohydration,
euhydration, and hyperhydration) and have compared the prevalence of hypohydration
between populations (9, 13-15).

Human water needs vary because of physical activity, ambient temperature, sex, cultural
dietary patterns, and body size (16, 17). Nevertheless, a gap in the literature exists
concerning how obesity is associated with hydration status (18). Currently, the prevalence of
obesity in US adults is 37.7% and comprises a growing proportion of the population (19).
Obesity is associated with a variety of downstream ill-health effects that may change water
needs, hydration, and metabolic processes (e.g., hypertension, kidney function, type 2
diabetes mellitus, and cardiovascular disease) (20-22). Although previous research has
treated weight status as a potential confounder, it remains unclear how obesity affects the
relation between water intake and hydration status (18, 23-25).

Therefore, the purpose of this study was to examine how weight status affects the
association between daily water intake from all foods and liquids and hydration status as
determined with the use of urine osmolality in US adults.
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METHODS

Sample design

The current study used data from the NHANES, which uses a stratified, multistage
probability design to provide a representative sample of the noninstitutionalized, civilian US
population. Since 1999, the NHANES has been collected continuously by the National
Center for Health Statistics, CDC, with cross-sectional study waves released in 2-y cycles.
NHANES combines in-person interviews with health and laboratory examinations that are
conducted in Mobile Examination Centers (MECs). In-depth details of the survey and
sampling procedures have been described elsewhere (26, 27). The National Center for
Health Statistics Research Ethics Review Board approved the continuous NHANES with an
initial recruitment date of 1999 (continuation of protocol 2005-06), and all adult participants
gave written informed consent.

We used data from the 2009-2010 and 2011-2012 survey cycles of the NHANES, which
oversampled non-Hispanic black and Hispanic persons, as well as other groups. The
combination of 4 y of data increased the stability of estimates. The examination response
rate for adults aged =20 y was 68.3% in the NHANES 2009-2012 (28).

Urine osmolality

Adults provided spot urine samples in the MECs. Urine osmolality, which is the total
concentration of dissolved particles per kilogram of water in urine, was determined by
freezing-point depression osmometry in the MEC laboratory, which was calculated as
milliosmoles per kilogram (mOsm/kg). Urine osmolality has been shown to be a reliable
urinary biomarker of daily hydration status and is highly correlated with other biomarkers of
hydration (10, 14, 29, 30). The maximal urine-concentration ability decreases with age at a
mean rate of 3.4 mOsm - kg1 - y~1 for adults >20 y of age (13, 15, 31). Therefore, Manz
and Wentz (15) recommended an age-dependent cutoff for euhydration that takes this
decrease into account. If an individual’s 24-h urine osmolality is

> 831 mOsm/kg — [3.4 X (individual age — 20 y)] €))

he or she should be classified as hypohydrated. For example, a 20-y-old’s hypohydration
cutoff would be

831 —[3.4x (20 y — 20 y)] = 831 mOsm/kg (or greater) )
whereas a 50-y-old’s hypohydration cutoff would be

831 —[3.4 X% (50 y — 20 y)] = 729 mOsm/kg (or greater) (3)

Other authors have used a uniform cutoff of >831 mOsm/kg to classify hypohydration (32,
33) or >800 mOsm/kg to classify inadequate water intake (9), but because these cutoffs do
not account for a decreasing urine concentration with age, we defined hypohydration
according to the age-dependent formula with the use of spot samples.
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Total water intake

At the MECs, trained interviewers used a computer-assisted, multiple-pass dietary recall
interview to assess the type and quantity of all foods and liquids consumed in the previous
24 h (from midnight to midnight) (26). From the 24-h dietary recall, total moisture was
calculated from all foods and liquids in grams, the equivalent of milliliters of water (reported
here).

The Institute of Medicine recommends an adequate intake (Al) for total water consumption
of 3.7 L for men, 2.7 L for nonlactating women, and 3.8 L for lactating women (34). We
used these cutoffs to establish a dichotomous variable to classify water intake status as an
indicator of whether intake was sufficient on a given day. Men who consumed =3.7 L,
nonlactating women who consumed >2.7 L, and lactating women who consumed >3.8 L
were classified as having adequate water intake, whereas subjects who consumed less than
these respective amounts were classified as having low water intake.

Weight status

Height and weight were measured in the MECs by trained professionals according to
standard protocols (26).BMI (in kg/m2) was used to classify weight status and was
calculated as weight divided by the square of height (and rounded to one decimal
place).Weight-status categories were determined as follows: under-or normal weight (BMI
<25), overweight (BMI 25 to <30), and obesity (BMI =30) (35).

Covariates and variable definitions

Sex (male or female), age (20-39, 40-59, or =60), race and Hispanic origin, alcohol intake
(grams), caffeine intake (milligrams), energy intake (kilocalories), physical activity
(minutes), the time of examination (morning, afternoon, or evening), and diabetes status
were included as covariates in the analysis to control for confounding of the relation
between water intake, weight status, and urine osmolality on the basis of physiologic
relations and what has been reported in the literature (13, 36-40). Participants self-reported
their race and Hispanic origin and were categorized as non-Hispanic white, non-Hispanic
black, Hispanic, or other (including all non-Hispanic individuals who reported >1 race
group). Alcohol intake, caffeine intake, and energy intake were obtained from the 24-h
dietary recall. Caffeine intake was categorized dichotomously with the use of the
consumption value that increases risk of hypohydration (<400 or 2400 mg) (36, 37).

The physical activity variable was constructed from the Global Physical Activity
Questionnaire (41). The total time spent in the previous week in moderate and vigorous
activities from biking or walking, work, and leisure activities were assessed in the home
interview with the use of the computer-assisted personal interviewing system. Physical
activity was coded as a binary variable according to whether the person met national
guidelines of =150 min moderate physical activity/wk because higher physical activity
increases water needs (16, 42).

To test for diabetes, blood specimens were collected for all participants and samples were
shipped to the Fairview Medical Center Laboratory at the University of Minnesota for
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analysis of glycated hemoglobin. Persons with values of glycated hemoglobin =6.5% (43) or
who reported that a doctor told them they that they ever had diabetes were categorized as
having diabetes.

Statistical analysis

Linear trends across weight-status categories were tested with an A~test statistic that was
adjusted for the survey design and sampling weights with the use of polynomial orthogonal
contrasts, and we used Wald tests that were adjusted for the survey design with significance
set at 0.05 to test for mean differences in urine osmolality, the prevalence of hypohydration,
and total water intake by weight status. Multiple linear and log-binomial regression models
were used to estimate associations and prevalence ratios with confounders controlled for and
testing for interactions between weight status and water intake status. We first estimated the
regressions including only weight status, water intake status, and the interaction between
these 2 variables. We then specified the regression models that were adjusted for the
potential confounders and compared the results. We repeated this process once the
regressions were stratified by weight status. The results from the adjusted and unadjusted
models were highly similar; therefore, we only present the adjusted models in this article
because they were more precise.

We used log-binomial regression because the outcome (i.e., hypohydration) is not a rare
event (<10%) (44). Log-binomial regression provides a more conservative estimate than a
logistic regression does because the OR diverges away from the null as the outcome
becomes more common. Because the interaction between weight-status categories and water
intake status was jointly significant for both the linear (= 0.005, F=6.27) and log-
binomial (P=0.015, F= 4.78) models by postestimation-adjusted Wald statistics, we
stratified according to weight status in the models presented. We tested for multicollinearity
between the covariates included in the regression models by calculating the variance
inflation factor and the tolerance. All of the independent variables had a variance inflation
factor <10, which showed that collinearity was not present (45). In conjunction with the
regression models, we used marginal standardization to generate predicted probabilities of
hypohydration controlling for the distribution of covariates and accounting for the
interactions included in the models (46, 47).

Because of the complex 4-stage sample design of the NHANES, analyses were conducted in
Stata 13.1 software (StataCorp LP) and in SAS software (version 9.1; SAS Institute Inc.)
with the use of survey commands and SAS-callable SUDAAN software (version 9; RTI
International) with SEs estimated with the use of Taylor-series linearization. Day 1 dietary
sample weights were used to adjust for oversampling, nonresponses, noncoverage, and the
day of the week.

Missing and excluded data

The following exclusions were made sequentially to create the main analytic sample (Figure
1) from the 11,253 examined adults aged =20 y who were nonpregnant in 2009-2012; 561
individuals were excluded because of missing data on urine osmolality, 107 individuals were
excluded because of missing BMI data, 663 individuals were excluded because of missing
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dietary intake data, and 26 individuals were excluded because of missing physical activity
data [total exclusion: 7= 1357 (12.1%)]. These exclusions yielded 9896 respondents with
non-missing data.

We also excluded an additional 280 adults who reported weak or failing kidneys in the past
12 mo, and 15 adults were excluded because of missing kidney health data to avoid
confounding because of an inability to concentrate urine properly. These additional
exclusions yielded the final analytic sample of 9601 subjects. Table 1 provides the analytic
sample sizes by sex, age, and race and Hispanic origin to show that the cell sizes were
sufficient to analyze the data.

Because 12.1% of the examined sample of adults from the NHANES 2009-2012 had
missing data, we conducted nonresponse bias analyses. Adults with missing data were not
significantly older than the analytic sample (mean: 47.5 compared with 47.1 'y, respectively)
but were more likely to be female (61.0% compared with 50.1%), less likely to be white
(57.6% compared with 68.2%), and more likely to be black (15.2% compared with 11.1%).
To further examine the potential for nonresponse bias, we reweighted the data with the use
of the PROC WTADJUST in the SUDAAN program. The adjusted sample weights produced
similar results to those that were estimated when the publicly available day 1 dietary sample
weights were used. Therefore, we present results that were obtained with the use of the
publicly available day 1 dietary sample weights.

Sensitivity analyses

We further tested the association between water intake, urine osmolality, and weight status
by re-estimating the analyses with a uniform cutoff of hypohydration (=831 mOsm/kg)
instead of the age-dependent cutoff (32). Second, we stratified the analysis by examination
time to further evaluate how the relation was affected by the use of spot urine samples from
different times during the day because recent research has shown that late-afternoon spot
samples of urine osmolality reflected 24-h urine osmolality (48). Third, we excluded
participants with self-reported or undiagnosed diabetes (/7= 1404) to evaluate whether the
inclusion of adults with diabetes affected estimates, and we re-estimated the analyses with a
limited sample (/7= 8197). Finally, we re-estimated the regression models and interactions
with the use of total water intake as a continuous variable to illustrate the predicted
probabilities of hypohydration and predicted urine osmolality by weight status across the
range of total water intake.

RESULTS

Table 2 presents the descriptive characteristics of the analytic sample and illustrates how the
characteristics varied by weight status. Mean + SE BMI was 28.7 + 0.1, and 35.6% * 0.1%
of adults had BMI =30. Mean total water intake was 3128.8 + 38.4 mL, and adults who were
obese consumed 238.5 mL (P=0.002, ~=10.87) more water, on average, or ~1 cup, than
was consumed by adults who were underweight or normal weight. Mean urine osmolality
from spot samples was 613.8 + 5.9 mOsm/kg, and 37.6% + 0.9% of US adults had urine
osmolality values that were consistent with hypohydration. Total water intake (= 0.002, F
=10.87), urine osmolality (P< 0.001, F=90.25), and the prevalence of hypohydration (P<
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0.001, £=61.06) all increased with higher weight status. The percentage of adults with
urine osmolality values that were consistent with hypohydration increased from 28.5% in
underweight and normal weight adults to 45.7% in adults who were obese.

Models 1-3 in Table 3 present the linear regression models for the assessment of the
association between water intake status and urine osmolality stratified by weight status
because of a significant interaction (for joint significance between weight status and water
intake status: A= 0.005, F=6.27; results not shown) and when controlling for the following
variables: age category (20-39, 40-59, or =60 y); sex; race and Hispanic origin; the time of
examination; whether subjects met physical activity guidelines; high caffeine intake, alcohol
intake, and energy intake; and diabetes. In adults who were underweight or normal weight,
the difference in urine osmolality between those with adequate water intake and those with
low water intake was g+ SE = —122.4 + 19.7 mOsm/kg (model 1; A< 0.001). However, in
adults who were obese, the difference in mean urine osmolality between those with adequate
intake and those with low intake was g+ SE = -65.2 + 9.1 mOsm/kg (model 3; A< 0.001).
These models suggest that, although urine osmolality is significantly lower in adults with
adequate water intake (as defined by Institute of Medicine recommendations) than in adults
with low water intake, the difference in urine osmolality between adults with adequate water
intake and those with low water intake decreases with higher weight status.

Because of the significant interaction (P= 0.015, F= 4.78) between weight status and water
intake status on the prevalence ratio of hypohydration, log binomial regression models were
also stratified by weight status (Table 3, models 4-6). Similar to the linear regression
models, the prevalence ratio of hypohydration between subjects with adequate water intake
and those with low water intake was 0.56 (95% CI: 0.43, 0.73) in adults who were
underweight or normal weight compared with 0.67 (95% CI: 0.57, 0.79) in adults who were
overweight and 0.78 (95% CI: 0.70, 0.88) in adults who were obese.

Figure 2 shows the predicted probability of hypohydration for adults by water intake status
across weight-status categories with adjustment for the distribution of the covariates and the
interaction between water intake and weight status. Three primary results are worth noting
from this figure. First, adults who had adequate water intake had a significantly lower
prevalence of hypohydration than that of their peers in the same weight-status category with
low water intake (all < 0.001). Second, the prevalence of hypohydration increases by
weight-status category for both adults who had adequate water intake and adults who had
low water intake. Third, the absolute (and proportional) difference in the probability of
hypohydration between adults with adequate water intake and those with low water intake
on a given day was smaller in adults who were obese (10.2 percentage points) than in
overweight adults (15.3 percentage points) or normal or underweight adults (15.0 percentage
points). That is, adequate water intake appeared to have a smaller impact on lowering the
probability of hypohydration in adults who were obese than in adults in other weight-status
categories.

Sensitivity analyses supported the main analysis. When a uniform cutoff for hypohydration
>831 mOsm/kg for all adults was applied, the prevalence + SE of hypohydration decreased
to 24.5% = 0.7% for the population, 19.4% + 1.2% for adults who were underweight or
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normal weight, 23.9% + 1.5% for adults who were overweight, and 29.5% =+ 1.0% for adults
who were obese. Nevertheless, when re-estimating the analyses presented in Table 3 (models
4-6) with the use of the uniform hypohydration definition, the log-binomial regression
results were consistent with the primary analyses (results not shown).

When we examined urine osmolality and the prevalence of hypohydration by the time of
examination (morning, afternoon, or evening) to see whether the time of examination
influenced the results, the same trend of increasing urine osmolality and the prevalence of
hypohydration by weight status was observed (Supplemental Table 1). Moreover, urine
osmolality did not differ significantly by the time of examination for each weight-status
category. When adults with diabetes (7= 8197) were excluded, instead of controlling for this
condition in the regression models, all results were consistent with the primary analyses
(results not shown).

Finally, we re-estimated the models with total water intake as a continuous variable and
generated predicted margins to illustrate the differences across a range of 1000-7000 mL
total water intake (which represented 95% of the range of water intake reported by adults).
Figure 3 and Supplemental Figure 1 illustrate that, as total water intake increased, the
difference in the probability of hypohydration and urine osmolality values between adults
who were underweight or normal weight and adults who were obese also increased. At 1000
mL water intake, we showed a difference of 10.7 percentage points between adults who were
underweight or normal weight and adults who were obese with predicted probabilities of
44.9% and 55.6%, respectively (Figure 3). The difference in the probability of
hypohydration between adults who were underweight or normal weight and adults who were
obese increased to 22.8 percentage points (10.8% compared with 33.6%) at 6000 mL.

DISCUSSION

In this observational study of US adults in 2009-2012, the relation between water intake and
hydration status was modified by weight status. When stratified by weight status, the
association was attenuated in obese individuals whereby higher water intake was less
protective against hypohydration in adults who were obese than in adults who were
underweight or normal weight.

Overall, the prevalence of hypohydration was 37.6% in US adults and 45.7% in adults who
were obese compared with 28.5% in adults who were underweight or normal weight. These
estimates were all lower when we applied a uniform(not age-adjusted) cutoff for
hypohydration. Although the cutoff of 2831 mOsm/kg to classify hypohydration was shown
to have a sensitivity and specificity of 91% from a prospective receiver operating curve
experiment, the subjects who were enrolled in the study were all young adult soldiers and
first morning urine samples were used, and thus, the issue of age did not arise (32).
Although our estimates of the prevalence of hypohydration on the basis of urine osmolality
appeared to be high, they were lower than estimates from the NHANES 111, which showed
that 60% of adults had borderline elevated or high plasma tonicity (49). The estimates of
mean urine osmolality (613.8 mOsm/kg) from the current study were similar to the
NHANES 111 estimates and those of a large survey of German adults (13, 50).
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Previous studies have shown an association between obesity and hydration status in adults
with the use of various indicators of hydration, but the studies did not examine whether an
interaction existed with total water intake (23, 24, 51). Stookey et al. (24)., with the use of
NHANES 111 (1988-1994) data, showed that US adults who were overweight and obese had
significantly higher plasma tonicity as well as an altered body fluid distribution compared
with adults who were normal weight. Adults who were obese were observed to have a higher
extracellular fluid—to—intracellular fluid ratio than that of lean adults (24). Weight-status
categories have also been associated with urine osmolality but were treated as a confounder
(52). Another study showed higher plasma osmolality values in adults who were obese as
well as higher body temperatures and reduced sweat rates, thereby suggesting that
osmoregulation (the maintenance of water balance) and thermoregulation (the maintenance
of a steady body temperature) may be competing homeostatic processes (23).

The current study extends the previous findings by illustrating that the relation between
water intake and urine osmolality and hypohydration varies by weight status. A recent study
showed that significant differences in urine osmolality and the likelihood of dehydration
between children who were obese and normal-weight children were due to differences in the
amount of fluid consumed (53).However, our results suggest that obese adults, on average,
may need to consume relatively more water to experience hydration gains that are equivalent
to those of adults who are underweight or normal weight. For example, at a water intake of 3
L, the probability of hypohydration for an underweight or normal-weight adult was 27.6%.
At the same water intake, the probability of hypohydration was 46.6% for an obese adult.
However, at a water intake of 4 L, which is greater than the Al for men and women, the
probability of hypohydration for an obese adult decreased only to 42.1%.

This study is subject to a few limitations. As a cross-sectional study, causality could not be
inferred, and all relations should be viewed as associations. For logistic purposes, NHANES
samples in Northern regions of the US more frequently during the summer and in Southern
regions during the winter. This seasonal sampling pattern may have increased the exposure
to warmer temperatures overall in the sample, which is associated with increased risk of
dehydration (54). The analysis used a single spot urine sample, which may not have been
indicative of 24-h urine osmolality because urine osmolality changes throughout the day as
food and water are consumed (40).We attempted to control for this possibility by adjusting
for the time of the participant’s examination, but we acknowledge that spot urine samples
are not representative of 24-h urine samples. Previous research has shown that late-afternoon
spot samples can approximate 24-h urine osmolality (48). Sensitivity analyses
(Supplemental Table 1) showed only minimal differences in the mean urine osmolality for
morning, noon, and early evening sessions overall (620 compared with 600 compared with
620 mOsm/kg, respectively) or within each weight-status category by examination time,
thereby suggesting that time of examination did not influence the observed relation.
However, we did show the same significant trend of higher urine osmolality and prevalence
of hypohydration with increasing weight-status categories for each examination time period.
The use of a single 24-h dietary recall does not provide an estimate of usual water intake but,
instead, provides an estimate of water intake on a given day. Nevertheless, with the use of
the 24-h dietary recall for the day that preceded the urine sample was appropriate because
the foods and drinks consumed would have directly influenced hydration status. Finally,
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physical activity was assessed for a typical week, which may not have accurately reflected
activity patterns in the previous 24 h.

This study has several strengths. The current study contributes to the literature as one of few
nationally representative studies in US adults that have examined the association between
weight status, total water intake, and urine osmolality. Previous research has shown that
older adults are more vulnerable to dehydration (6, 49); however, they also lose some ability
to concentrate urine as they age, which means that their mean urine osmolality will be lower
than that of younger adults (31). Therefore, the use of any uniform cutoff could result in the
misclassification of hydration status of older adults. For this reason, we used an age-
dependent cutoff for hypohydration. Finally, the results were robust to many alternate
specifications of the models, including restricting the sample to adults without diabetes and
estimating the association with the use of urine osmolality and total water intake as
continuous and dichotomous variables.

In conclusion, dehydration is associated with increased risk of kidney stones as well as
decreases in physiologic, emotional, and cognitive functioning (2, 3, 6, 7). The current study
extends this important aspect of human nutrition by showing that the relation between water
intake and urine osmolality is modified by weight status in US adults. Adults who are obese
are more likely to be in a hypohydrated state, and the association between increased water
intake and hypohydration is weaker in adults who are obese than in adults who are
underweight or normal weight.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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11,378 participants examined in NHANES 2009-2012 aged
> 20 y (non-pregnant n = 125); eligible n = 11,253

Missing main data (n = 1,357): urine osmolality (n = 561), BMI (n = 107), dietary
intake (n = 663), physical activity (n = 26)

|

n = 9,896 had complete data on main variables

Excluded n = 280 with weak/failing kidneys,
n = 15 with missing kidney health data

| Final analytic sample: n = 9,601 |

Under-/normal weight (n = 2,824) | Overweight (n = 3,190) | l Obese (n=3,587)

FIGURE 1.
NHANES 2009-2012 analytic sample flow diagram.
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o Low water intake Adequate water intake
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p <0.001
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p <0.001
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Probability of hypohydration (%)
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0
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FIGURE 2.
Predicted probabilities (95% Cls) of hypohydration by water intake status and weight status

in adults aged =20 y in the United States, 2009-2012. 7= 9601. Data were generated with
the use of marginal standardization from the log-binomial regression model that included an
interaction between weight status and water intake status (F=4.78, = 0.015). BMI (in
kg/m?2) categories were as follows: underweight or normal weight, <25: overweight, 25 to

<30;

and obese, >30. Low water intake (dark gray bars) was defined as follows: men, <3.7

L; women, <2.7 L; and adequate water intake (light gray bars) was defined as follows: men,

>3.7
(26).

L; women, =>2.7 L. Data source: CDC/National Center for Health Statistics, NHANES
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FIGURE 3.

Predicted probabilities (95% Cls) of hypohydration by weight status across 95% of the range
of water intake that was reported in adults aged =20 y in the United States, 2009-2012. n=
9601. Data were generated with the use of marginal standardization from the sensitivity
analysis (results not shown) that included an interaction between weight status and total
water intake (£=5.37, £=0.01). BMI (in kg/m?) categories were as follows: underweight
or normal weight, <25; overweight, 25 to <30; and obese, =30. Data source: CDC/National

Center for Health Statistics, NHANES (26).
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Analytic sample breakdown of nonpregnant adults aged =20 y in the United States, 2009-2012, by age

TABLE 1

. . ]
categories and race and Hispanic origin

All race and Hispanic origin

Non-Hispanic white

Non-Hispanic black  Hispanic

All, n
20-39y
40-59y
=60y

Men, n
20-39y
40-59y
260y

Women, n
20-39y
40-59y
=60y

9601
3293
3287
3021

1717
1631
1506

1576
1656
1515

4238
1339
1353
1546

684
679
780

655
674
766

2049
653
746
650

343
355
327

310
391
323

2344
866
850
628

455
433
289

411
417
339
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Sample sizes were unweighted. “Other” category was included in all race and Hispanic origin totals but is not shown. Data source: NHANES (26).
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