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Abstract

Introduction: Beverage consumption and its possible association with current
obesity epidemic and metabolic syndrome is under investigation in recent years,
however water intake is probably the most underestimated of all beverages and
could play an important role.

Objective: The aim of this study was to examine the association between water
intake, body composition and cardiometabolic factors in a sample of Spanish
children.

Methods: A cross-sectional study was conducted in 366 schoolchildren (53.5%
girls) aged 9-11 years from the province of Cuenca in Spain. Data of anthro-
pometrics, body composition, cardiometabolic risk factors and cardiorespiratory
fitness variables were collected. Beverage consumption was assessed using two
non-consecutive 24 h dietary recalls.

Results: We found an inverse association between the consumption of water
(ml)/kg per weight with BMI, body fat, fat-free mass, waist circumference, insulin
levels, HOMA-IR (p < 0.001), and with arterial pressure parameters, systolic (p
< 0.010) and diastolic blood pressure (p < 0.028), and mean arterial pressure
(p < 0.012), as well as direct associations with HDL cholesterol (p < 0.001). In
ANCOVA analyses, children who drank less water (ml)/kg per weight, had higher
levels of LDL cholesterol (p < 0.050) and lower levels of HDL cholesterol (p <
0.042), and overweight-obesity subjects drank less water (ml)/kg per weight than
normal peers (p < 0.011). Besides, children with lower levels of HDL cholesterol
and higher levels of triglycerides and blood pressure had less water intake as a
beverage. Finally, children who drank less water from beverages had high levels
of LDL cholesterol.

Conclusions: Higher consumption of water (ml)/kg per weight was negatively
associated with BMI, body fat, fat-free mass, waist circumference, insulin levels,
HOMA-IR, and positively with HDL cholesterol in children independently of age,
sex and cardiorespiratory fitness. In addition, overweight-obese children drank less
water (ml)/kg per weight than normoweight ones. Therefore, water consumption is
associated with numerous health benefits and its adequate intake could contribute
to prevent obesity and metabolic syndrome in childhood.

Key words: Water consumption. Serum lipids. Insulin resistance. Body com-
position.

INTRODUCTION

The majority of the main risk factors associated with cardiovas-
cular disease are preventable and modifiable by lifestyle changes
(1). Evidence has shown that overweight, eating behaviors and
physical activity affect most cardiometabolic variables associated
with cardiovascular risk factors, such as serum lipids, blood pres-
sure, waist circumference and insulin resistance (2).

Regarding these modifiable factors, beverage consumption
and their possible association with the current obesity epidemic
and metabolic syndrome is under investigation in recent years
(3). Most studies have focused on sugar sweetened beverages
consumption (4-7), although there are also studies that analyzed
diet beverages (8,9). On the other hand, there are studies focused
on dairy consumption and its possible positive association with
cardiovascular health (10,11), as well as on natural juices intake
(12). Preliminary analysis of a recent study has shown that a
Healthy Beverage Index, a measure of the overall healthfulness
of an individual’s beverage intake, was associated with reduced
cardiometabolic risk in adults (13). Other authors provide addi-
tional evidence suggesting a potential protective effect of higher
total water intake (particularly plain water) on kidney but not on
cardiovascular risk (14).

With regard to these hydration habits, one question generally
forgotten has been water consumption (15). Regulation of water
balance is essential for the maintenance of health and life, and some
authors have attempted to elucidate its possible link with obesity (16).
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Drinking more water has been proposed as a method to reduced
weight gain since water consumption could replace other caloric bev-
erages and thereby reduce total calories consumed (16). However,
evidence about water intake and its association with cardiovascular
health is scarce (17), and in most studies, they are related to water
hardness (18). To our knowledge, there is no research focused on
children regarding this topic. Therefore, the aim of this study was to
examine the association between water intake, body composition
and cardiometabolic factors in a sample of Spanish children.

MATERIAL AND METHODS

STUDY DESIGN AND PARTICIPANTS

This study was a cross-sectional analysis of baseline measure-
ment data from a cluster-randomized trial aimed to assess the effec-
tiveness of a physical activity program for preventing excess weight
in schoolchildren (19). For this report, we used data from a sub-sam-
ple of 366 children (196 girls) aged 9 to 11 years, in fifth grade of
Primary Education from 20 public primary schools in the Spanish
province of Cuenca. The Clinical Research Ethics Committee of the
Virgen de la Luz Hospital, in Cuenca, approved the study protocol.

ANTHROPOMETRIC AND BODY
COMPOSITION ASSESSMENTS

All measurements were obtained at the schools by trained nurs-
es. Height and weight were measured twice with a five-minute
interval between measurements with the children lightly dressed.
Weight was measured to the nearest 0.1 kg using a calibrated
digital scale (SECA Model 861; Vogel & Halke, Hamburg, Germany).
Height was measured to the nearest millimeter using a wall-mount-
ed stadiometer, with the children standing straight against the wall
without shoes, to align the spine with the stadiometer. The head
was positioned so that the chin was parallel to the floor. The mean
of the two weight and height measurements was used to calcu-
late body mass rndex (BMI) as weight in kilograms divided by the
square of the body height in meters (kg/m?). Waist circumference
(WC) was calculated as the average of two measurements taken
with flexible tape at the natural waist (the midpoint between the
last rib and the iliac crest). Body fat percentage and fat-free mass
percentage were estimated using a BC-418 bioimpedance analysis
system (Tanita Corp., Tokyo, Japan). The mean of two readings
taken in the morning under controlled temperature and humidity
conditions, after urination and a 15-minute rest, with the child
being shoeless and fasting was used.

RESTING BLOOD PRESSURE MEASUREMENT

Diastolic and systolic blood pressure (DBP; SBP) were deter-
mined as the average of two measurements separated by a
five-minute interval, with the child resting for at least five minutes
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before the first measurement. The child was seated in a quiet,
calm environment, with the right arm in a semi-flexed position at
the heart level. Blood pressure was measured automatically using
the OMRON M5-| monitor (Omron Healthcare Europe BV, Hoofd-
dorp, Netherlands). Mean arterial pressure (MAP) was calculated
using the following formula: DBP + (0.333 x [SBP - DBP]).

BIOCHEMICAL ASSESSMENTS

Blood samples were taken in standardized conditions between
8:15 and 9:00 a.m. after at least 12 hours fasting by puncturing the
cubital vein. Before the extraction, fasting was confirmed by the child
and his parents. The samples were processed using a Roche Diag-
nostics COBAS C711. The following parameters were determined:
triglycerides (GPO-PAP enzymatic method), HDL-cholesterol and
LDL-cholesterol (2 generation method without de-proteinization).

The homeostasis model of assessment (HOMA-IR) was used to
determine insulin resistance (IR) and its individual components.
Fasting glucose and insulin were determined using standard pro-
tocols (chemiluminescent microparticle immunoassay).

CARDIORESPIRATORY FITNESS

Cardiorespiratory fitness was assessed by the 20-m shuttle run test
(20). Participants were required to run between two lines 20 m apart,
while keeping pace with audio signals emitted from a pre-recorded
compact disc. The running speed started at 8.5 km/h and increased
0.5 km/h each minute. The children were stopped when they could
not follow the signal any more. We noted the last half-stage completed
as an indicator of their cardiorespiratory fitness (CRF).

ASSESSMENT OF WATER AND OTHER
BEVERAGE INTAKES

Beverage and water intake of each participant were estimated
using a self-administered computerized 24 h dietary recall val-
idated for European adolescents called the Young Adolescents’
Nutrition Assessment on Computer (YANA-C) (21). The Spanish
YANA-C questionnaire was administered twice in a week: one day
asking about a weekday and another one about a weekend day.
The YANA-C program was installed in the computer room of each
school, where pupils completed the questionnaire in groups. A
staff member instructed the children and, then, pupils completed
the program autonomously, although two or three staff members
were present to provide assistance as required. Interviewers were
previously trained.

STATISTICAL ANALYSIS

The distribution of continuous variables was checked for
normality before the analysis. Due to their skewed distribution,
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variables were log-transformed prior to analyses. Continuous vari-
ables were expressed as the mean = SD for normally distributed
continuous data. Categorical variables we expressed as n (%). To
aid interpretation, data were back-transformed from the log scale
for presentation in the results.

Normal weight and overweight-obese were defined according
to the BMI cut-offs published for children and adolescents (22).

Categorization of blood pressure (BP) was done using sex, age
and height specific cut points informed by the Fourth Report on
the Diagnosis, Evaluation and Treatment of High Blood Pressure
in Children and Adolescents by the National High Blood Pressure
Education Program Working Group on High Blood Pressure in
Children and Adolescents (23). High BP (stage 1) was defined as
a systolic or diastolic BP at 95" percentile or higher but lower than
the 99 percentile; high BP (stage 2) was defined as a systolic
or diastolic BP at 99™ percentile or higher; and borderline BP
was defined as a systolic or diastolic BP at the 90™ percentile or
higher but lower than the 95" percentile. To obtain more accurate
results we simplified the four criteria obtained in two categories,
as follows, normotensive (p < 90) and hypertension (stages 1
and 2) (p > 90).

Adverse lipid concentrations were defined as follows: total cho-
lesterol concentrations > 200 mg/dl or higher; HDL < 40 mg/dl;
LDL concentrations > 130 mg/dl; and triglycerides concentrations
> 130 mg/dl (24). Insulin resistance was defined as follows: fast-
ing glucose concentrations > 126 mg/dl (25); insulin concentra-
tions > 15.05 pU/ml (25); and HOMA-IR > 3.43 (26)

Multiple linear regression analyses were made to explore pos-
sible relationships between water intake, body composition and
cardiometabolic factors adjusted by age, sex, and cardiorespirato-
ry fitness. ANCOVA models were estimated to test the differences
in water intake variables by categories of BMI (normoweight vs
overweight-obese children) and cardiometabolic risk (non-risk vs
at risk children).

RESULTS

The sample characteristics are presented in table I. There were
statistically significant gender differences in the mean of height
(higher in girls, p = 0.008), body fat percentage (higher in girls,
p<0.001), and CRF (higher in boys (p < 0.001), but not for BMI.
The prevalence of overweight-obesity was 36.6% for the total
sample. Regarding cardiometabolic factors, boys had higher lev-
els of HDL cholesterol (p = 0.002), fasting plasma glucose (p <
0.001) and SBP (p = 0.008) than girls. Girls had higher insulin
levels (p < 0.001) and HOMA-IR (p < 0.001) than boys. Con-
cerning lipids parameters, 7.4% of children had higher levels of
triglycerides, 15% total cholesterol elevated, 3.8% HDL choles-
terol low, and 9.6% had adverse LDL cholesterol. All children had
normal amounts of fasting plasma glucose (> 126 mg/dI). Finally,
we found a 9.6% of children with hypertension. Concerning water
intake, for most of water variables, except for water from food vari-
able, girls took more quantities than boys, although the differences
were non-significant.
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Table 1l shows the ANCOVA analysis. We found that children
who drank fewer water as a beverage had higher values of
triglycerides (p = 0.009), worst levels of HDL cholesterol (p <
0.001) and hypertension (p = 0.023). On the other hand, children
who drank less water from all beverages had adverse levels of
LDL cholesterol (p = 0.022). Moreover, those who ingested less
water (ml)/kg per weight, had lower levels of HDL cholesterol (p
= 0.042) and higher levels of LDL cholesterol (p = 0.050). Finally,
overweight-obese children drank less water (ml)/kg per weight
than normal peers did (p = 0.011) and had more consumption of
water/kcal day (p = 0.023).

Table Il presents the relationship between water intake vari-
ables, BMI and cardiometabolic risk factors adjusted by age, sex
and cardiorespiratory fitness. We found a positive association
between water as a beverage with BMI (p < 0.001), body fat
(p < 0.004), fat free mass (p < 0.001) and waist circumference
(p < 0.001). A positive association also appears between water/
kcal day and BMI (p = 0.009), body fat (p < 0.001) and waist
circumference (p = 0.011). On the other hand, there was a neg-
ative association between water from caloric beverages with BMI
(p = 0.005), body fat (p = 0.010), fat free mass (p = 0.010) and
waist circumference (p = 0.003). Regarding water (ml)/kg per
weight, we showed an inverse relationship with BMI, body fat,
fat free mass, waist circumference, insulin levels, HOMA-IR (p <
0.001), and arterial pressure parameters (SBP, p = 0.010; DBP,
p = 0.028; and mean arterial pressure, p = 0.012). Finally, we
found direct associations between water (ml)/kg per weight and
HDL cholesterol (p = 0.001).

DISCUSSION

The aim of the study was to examine the association between
water intake, body composition and cardiometabolic risk factors
in a sample of Spanish children. Overall, our results showed an
inverse association between water (ml)/kg per weight and sever-
al body composition variables, lipid profile and insulin resistance
parameters, independently of age, sex and cardiorespiratory fitness.

Water consumption is probably the most underestimated of all
beverages intakes (15). Water is essential for life and plain water,
instead of other caloric beverages, is one approached for decreas-
ing energy intake (27), and therefore may play an important role
to fight against obesity and metabolic syndrome. However, the
mechanism remains unclear. Some studies have suggested that
water intake elicited acute changes in human physiology because
it provides a sympathetic stimulus, increasing the metabolic rate,
which in turn augments the daily energy expenditure (28,29). Oth-
er authors reported that water drinking activates the autonomic
nervous system and induces acute hemodynamic changes (30).
The actual stimulus for these effects is undetermined but might be
related to either gastric distension or osmotic factors (30). In our
sample, water (ml)/kg per weight was inversely associated with
BMI, body fat, fat free mass and waist circumference, as well as,
overweight-obesity children drank less water(ml)/kg per weight
than normal weight peers.
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Table I. Baseline characteristics of the sample

Total (n = 366) Boys (n = 170) Girls (n = 196)
Mean SD or % Mean SD or % Mean SD or % P .
Boys vs girls

Age 10 0.5 10.0 0.5 9.9 0.4

B(g)dy composition 0.093

Height, cm 141.8 6.9 140.8 6.7 142.7 6.9 0.008

Weight, cm 39.2 9.1 38.9 8.6 39.5 9.4 0.497

BMI, kg/m? 194 3.6 195 35 19.3 3.7 0.556
Normoweight, n (%) 232 66.3 103 60.6 129 65.8 0.303
Overweight-Obese, n (%) 134 36.6 67 39.4 67 34.2

Body fat, % 25.7 6.4 24.2 6.9 26.9 5.7 < 0.001

Fat-free mass, % 28.7 4.7 28.9 4.3 28.5 5.1 0.304

Waist circuference, cm 68.8 9.2 69.2 9.2 68.5 9.3 0.454

Cardiorespiratory fitness CRF, n 3.8 1.7 4.4 1.9 3.2 1.3 < 0.001

Triglycerides, mg/dl 7?2 37 69 33 75 39 0.089
Normal, n (%) 339 92.6 158 92.9 181 92.3 0.828
High, n (%) 27 7.4 12 71 15 7.7

Total cholesterol mg/dl 172 29 172 25 171 32 0.801
Normal, n (%) 311 85 149 87.6 162 82.7 0.179
High, n (%) 55 15 21 124 34 17.3

HDL cholesterol, mg/dl 59.8 13.2 62.1 131 57.8 131 0.002
Normal, n (%) 352 96.2 167 98.2 185 94.4 0,048
High, n (%) 14 3.8 3 1.8 11 5.6

LDL cholesterol, mg/di 99 24 98 20 100 27 0.462
Normal, n (%) 331 90.4 162 95.3 169 86.2 0,002
High, n (%) 35 9.6 8 47 27 13.8

Glucose, mg/d| 84 6 85 6 82 6 < 0.001
Normal, n (%) 366 100 170 100 196 100
High, n (%) 0 0 0 0 0 0

Insulin, yU/ml 8.2 4.6 7.1 3.6 9.2 5.1 <0.001
Normal, n (%) 342 93.4 164 96.5 178 90.8 0.025
High, n (%) 24 6.6 6 35 18 9.2

HOMA - IR 1.7 0.9 15 0.7 1.9 1.1 < 0.001
Normal, n (%) 344 94 165 971 179 91.3 0017
High, n (%) 22 6 5 2.9 17 8.7

Systolic blood pressure, mmHg 101.9 9.2 103.3 8.9 100.7 9.2 0.008

Diastolic blood pressure, mmHg 63.2 7.5 63.4 7.3 63.2 7.6 0.789

Mean arterial pressure, mmHg 761 7.4 76.7 7.2 75.7 7.6 0.202
Nomotensive, n (%) 331 90.4 155 91.2 176 89.8 0.654
Hypertension, n (%) 35 9.6 15 8.8 20 10.2

Water as a beverage, ml/day 504.5 381.6 4571 352.4 545.5 401.6 0.027

Water from food and beverages, ml/day 1484.3 508 1443.4 4914 1519.9 521.4 0.151

Water from beverages, ml/day 959.3 389.3 911.5 382.4 1002.2 391.8 0.026

Water from food, ml/day 524.2 237.3 531.8 239.5 517.7 235.8 0.572

Water from caloric beverages, ml/day 427.6 228.2 4181 2491 435.9 208.7 0.455

Water/kg weight, ml/kg 13.3 10.3 12.0 9.1 14.4 111 0.024

Water/kcal/day, mi/kcal 0.4 0.4 0.4 0.4 0.4 0.4 0.531

Values are means (standard deviations + SD) and number and proportions (%) for categorical data. BMI: body mass index; CRF: cardiorespiratory fitness measured by
20-m shuttle run test (stage); HOL: high density lipoprotein; LDL: low density lipoprotein; HOMA-IR: homeostatic model assessement insulin resistance. p < 0.05
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Table lll. Multiple regression analysis between intake variables, body composition
and cardiometabolic parameters

Water as a | Water from food | Water from| Water . | Water/kg | Water/
beverage, | and beverages, | beverages, | from food, WELETUTICE 2 weight, | kcal/day/
ml/day mi/day mi/day | miday |Ceveragessmdayl oo | mikeal
p B B p B B B
BMI, kg/m? 0.293** 0.006 0.385 0.049 -0.215** -0.817** | 0.178*
Body fat % 0.225** 0.194 0.192 -0.029 -0.188* -0.714 | 0.225™
Fat-free mass % 0.471** 0.200 0.334 -0.027 -0.213* -0.596*** 0.099
Waist circumference, cm 0.264** -0.022 0.437 0.122 -0.224* -0.817*** 0.171*
Triglycerides, mg/d 0.016 0.486 -0.253 -0.236 0.030 -0.104 -0.031
Total cholesterol, mg/dl 0.032 -0.667 0.208 0.375 0.139 0.213 0.111
HDL-c, mg/dl 0.056 -0.256 -0.054 0.126 0.132 0.340** -0.030
LDL-c, mg/dl 0.046 -0.711 0.312 0.415 0.084 0.063 0.156
Glucose, mg/dl 0.010 0.081 0.179 -0.004 -0.135 -0.134 0.002
Insulin, uU/ml 0.081 0.409 -0.15 -0.130 -0.127 -0.457*** 0.088
HOMAR-IR 0.079 0.407 0.009 -0.126 -0.140 -0.460*** -0.281
Systolic blood pressure, mmHg 0.031 -0.414 0.561 0.243 -0.065 -0.286* 1.466
Diastolic blood pressure, mmHg 0.058 0.228 0.047 -0.126 -0.024 -0.241~ -0.003
Mean arterial pressure, mmHg 0.051 -0.026 0.267 0.020 0.042 -0.278~ 0.054

Adjusted by age, sex and cardiorespiratory fitness. MI: body mass index; HOMA-IR: homeostatic model assessment insulin resistance. *p < 0.05; *p < 0.01;, **p < 0.001.

Healthy eating is one of the keys for obesity prevention (31) and
knowledge of the energy contribution from beverages is partic-
ularly important, since consumption of healthy fluids is part of a
balanced diet (32). Drinking plain water instead of caloric bever-
ages may reduce dietary energy density and help in body weight
management (33). Among children, several surveys have checked
that promotion and provision of drinking water could effectively
reduce the risk of overweight (34) and that an increase of water
intake has been associated as well with weight loss in overweight
children (35). However, in adults, some review studies showed that
whereas encouraging water consumption may facilitate weight
management, the evidence was very limited (16,36,37). Moreover,
we found an inverse relationship between water from caloric bev-
erages (sugar sweetened beverages, dairy consumption and fruit
juices) with BMI, body fat, fat free mass, and waist circumference.
This is controversial because most reviews link sugar sweetened
beverages consumption with greater risk of obesity and meta-
bolic syndrome (6,38). In this sense, it is important to say that,
in our study, water from all types of liquids that provide calories,
including dairy products and fruit juices, were the drinks most
consumed by our children (39), which could justify our results, as
some authors present a possible positive relationship with body
composition and cardiovascular health (12,40).

Otherwise, there is little evidence about beverage consumption
and its association with blood lipids. We observed that children
who drank less plain water had higher blood triglycerides values
and lower HDL cholesterol values. Consistent with this, children

who drank less water (ml)/kg per weight had lower HDL choles-
terol levels and higher LDL cholesterol levels. Finally, we have
shown a direct association between HDL cholesterol values and
water(ml)/kg per weight. These two categories refer to plain water
intake and plain water intake per kg of weight. In this sense, a
review reports that drinking water results in greater rates of fat
oxidation because fat oxidation is maximal when blood insulin
levels are low (41). The reason for this is that insulin inhibits or
decreases the ability of rate limiting enzymes that breakdown
triglyceride fats into free fatty acids (41). Since water does not
contain calories or carbohydrates like other beverages, it does not
trigger an insulin response (41). Moreover, one study in women
showed that drinking one liter or more water per day was asso-
ciated with decreases in triglycerides, total cholesterol and LDL
cholesterol over 12 months (42).

Besides, we have observed an inverse relationship between
water (ml)/kg per weight and fasting insulin and HOMA-IR. There
is limited evidence regarding this issue. Some authors had drawn
attention to a low water intake as a possible new risk factor for
impaired glycemia, suggesting that an increase in water intake
(an easy and costless intervention) could prevent or delay the
onset of hyperglycemia and subsequent diabetes (43). In addition,
the same study in women reported that a higher consumption of
water per day was associated with significant decreases in fasting
insulin and HOMA-IR (42).

Lastly, information about the relationship between blood pres-
sure and water intake is scarce. There is some evidence for the
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relationship between drinking water content of magnesium and
calcium and the risk for cardiovascular disease, because these
captions regulate muscular contractility, and a lack of magnesium
leads to an increase in vascular tension and a lower muscular con-
traction threshold (18). A recent case-control study in children and
adolescents has shown that the magnesium and calcium levels
content of drinking water may have a protective role against early
stages of atherosclerosis (44). In adults, a randomized controlled
trial reported an improvement in SBP replacing caloric beverages
with non-caloric alternatives as water (45). In addition, another
study showed a significant decrease in blood pressure in women
that drunk one liter or more of water per day (42). Our findings
showed a negative association between the consumption of water
(ml)/kg per weight and SBP, DBP and mean arterial pressure, and
in accordance with this, children who drank less plain water had
more prevalence of hypertension (p > 90) (23). We could speculate
that water content in minerals could be the reason of these rela-
tionships; however, we have not quantified the amount of sodium
and potassium content in our drinking water.

This study is not without limitations. First, our study was
a cross-sectional design, thus observational findings do not
allow us to evaluate whether water intake has a possible causal
relationship with body composition and cardiometabolic factors
over time. Additionally, we have found little evidence between
these associations, and most of them are in adults, although,
in general, the physiological differences between children and
adolescents compared to adults are related to water content
in the body, insensible water loss, sweating and index of renal
function in the case of children aged less than two years. In
spite of physiological differences, thermoregulatory capacity of
children and adolescents is comparable to that of adults (46).
Moreover, the assessment of diet in children, either directly
or by adult proxy, has some methodological challenges. It has
been suggested that 10-year-old children are not able to give
valid responses to food frequency questionnaires covering peri-
ods longer than one day. In our study, the use of pictures in
the YANA-C software helped children to remember not only the
food eaten during the last 24 hours, but also the portion size.
Finally, we have not been able to quantify the mineral content
in children’s water intake, so results cannot be easily compared
to some literature reports.

CONCLUSIONS

In conclusion, our data show an inverse association between
water (ml)/kg per weight and BMI, body fat, fat free mass, waist
circumference, fasting insulin, HOMA-IR, and blood pressure
parameters in children. We observed as well that children who
drink less plain water and less quantity of plain water/kg per
weight had higher levels of triglycerides and LDL cholesterol,
and lower values of HDL cholesterol. Finally, overweight-obese
children’s intake of plain water/kg per weight is lower than that
of normal counterparts. Hopefully, our study could serve as a
benchmark to design appropriate randomized clinical trials testing
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the efficacy of water intake, instead of other beverages, to prevent
obesity and cardiometabolic diseases in children.
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