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Abstract

Objective: To investigate water contributors in relation to dietary and serum
micronutrient profiles.
Design: A cross-sectional study. The main exposures were water contributors.
Selected dietary and serum micronutrient levels were outcome measures.
Settings: The US population and its subgroups.
Subjects: US adults (n 2691) aged $20 years from the National Health and
Nutrition Examination Survey 2005–2006.
Results: The daily mean total water intake was 3?1 (SE 0?047) litres, with 68% of
adults consuming below the Adequate Intake level. Total water intake was higher
in adults with higher BMI and physical activity, those taking dietary supplements
and alcohol consumers (P , 0?05). Plain water intake was positively associated
with food moisture and negatively with beverage moisture (P , 0?001). Beverage
moisture was negatively associated with food moisture (P , 0?001). In multivariate
regression analyses, plain water and food moisture intakes were positively asso-
ciated with Fe, Ca, vitamins A, B, C, E and K and carotenoid intakes (P , 0?05).
However, beverage moisture was unrelated to Ca, niacin and vitamin B6 intakes,
and negatively associated with Fe, vitamin A, folate, vitamins C, E and K and
carotenoid intakes (P , 0?05). Concentrations of serum vitamins A and C and
carotenoids increased with plain water and food moisture intakes (P , 0?05) but
decreased (P , 0?01) or were unrelated to beverage moisture intake.
Conclusions: Various contributors of total water intake differed in their associations
with dietary and serum micronutrient profiles in US adults. The study provides
evidence of plain water benefits on micronutrient adequacy over beverages.
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Drinking water is essential for supporting life(1) and is a

zero-energy, thirst-quenching option when substituting

for sugar-sweetened beverages. Water is one of most

important nutrients and comprises 75 % of body weight in

infants and about 55 % in the elderly(2,3). Nationally

representative estimates of total water intake including

plain water and moisture in beverages and foods were

used for the Dietary Reference Intakes of total water

in the USA(4). The Adequate Intake (AI) of total water

for the US population was established in 2004 based on

the median total water intake from the Third National

Health and Nutrition Examination Survey (NHANES),

1988–1994(4). The AI for adults over 19 years old is 2?7

and 3?7 litres (2700 and 3700 g, respectively) for women

and men, respectively(4).

In addition to the studies considering water as a vehicle

for water-borne nutrients(3,5), there has been a large and

growing body of literature investigating plain water as a

substitution for sugar-sweetened beverages(6–9). Daniel

et al.(10) systematically summarized clinical and epidemio-

logical studies suggesting increasing water consumption

as an important strategy in reducing energy intake, and

consequently preventing obesity, and underscored that the

essential fluid which carries many nutrients has been

under-studied. Moreover, although several studies have

investigated nutritional correlates of beverages(11–13), the

association of water consumption with diet quality, espe-

cially micronutrient adequacy, is a fairly new focus. Kant

et al.(14,15) reported the differential associations of water

intake in American adults and adolescents with several

dietary nutrient profiles; however, most are energy-related

(e.g. fat, carbohydrate, sugars or alcohol). Given the

increasing interest in substituting plain water for sugar-

sweetened beverages to promote health, understanding the

association between plain water intake, dietary intake and

serum concentration of key vitamins and minerals may help
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emphasize the importance of water. Thus, the present

novel study aimed to investigate the associations between

water consumption and dietary and serum micronutrient

profiles among free-living US adults.

Participants and methods

Study population

The NHANES conducted by the National Center for

Health Statistics at the Centers for Disease Control and

Prevention obtains nationally representative information

on the health and nutritional status of the US population.

Participants were interviewed and had blood samples

taken in the mobile examination centre where the first

24 h dietary recall(16) (midnight to midnight) and ques-

tionnaires on dietary supplement use were administered.

The day 2 recall was conducted by telephone interview

approximately 3–10 d after the day 1 recall. Individuals

aged 20 years and older in NHANES 2005–2006(17), having

reliable and complete 2 d dietary recall data and serum

nutrient data, were included in the present study(18).

NHANES 2005–2006 data set was chosen because it was

the most current cycle with relatively complete data on

the variables related to water intake such as physical

activity. Participants were grouped by sociodemographic

and behavioural variables to examine water intake: age

(20–30, 31–50, 51–70, .70 years), sex, ethnicity (non-

Hispanic White; non-Hispanic Black; Mexican-American;

Others), BMI (,18?5, $18?5 to ,25?0, $25?0 to ,30?0,

$30?0 kg/m2), years of education (,12, 12, .12 years),

alcohol consumption (yes or no to ‘at least 12 drinks/year’),

current smoking (yes or no to ‘current smoking’ and

‘smoked cigarettes, cigars, or pipes and/or used chewing

tobacco or snuff at least once during the past 30 d’), dietary

supplement use (yes or no), income-poverty ratio (,1?0,

1?0–1?3, 1?3–1?85, $1?85) and exercise levels. Income-

poverty ratio was calculated by dividing family income

by the poverty guidelines and acts as a variable of socio-

economic status. An income-poverty ratio of ,1?3 is

required to be eligible for food assistance programmes. The

exercise levels were expressed as the metabolic equivalent

(MET) score calculated by combining the intensity level

of the leisure-time activities reported, mean duration and

frequency. Written informed consent was obtained from all

participants or proxies, and the survey protocol was

approved by the Research Ethics Review Board of the

National Center for Health Statistics.

Estimation of water intake

Total water intake was provided in NHANES 2005–2006

and based on plain water, moisture in beverages and

moisture in foods. Plain water variable was also provided

in the data set and defined by the National Center for

Health Statistics to include plain tap water, water from a

drinking fountain, water from a water cooler, bottled

water and spring water. Moisture in beverages included a

variety of liquids, such as milk, hot chocolate, coffee, tea,

fruit and vegetable juices, juice drinks, carbonated and

non-carbonated sweetened or unsweetened drinks,

alcoholic drinks and others such as carbonated water,

vitamin water, sports drinks and energy drinks. Moisture

in foods was obtained by subtracting plain water and

moisture in beverages from total water. Additionally, the

adequacy of total water intake was determined by com-

paring intake from the averaged non-consecutive two

24 h dietary recalls to the AI(19). Estimates were generated

for percentages of individuals below the AI for total

water intake(4).

Dietary micronutrient variables

The dietary intake data were estimated from 24h dietary

recall interviews conducted in the NHANES 2005–2006(17).

Dietary recalls were conducted by trained interviewers

using the US Department of Agriculture’s Automated

Multiple Pass Method(20). Food consumption data were

coded using the US Department of Agriculture’s Food and

Nutrient Database for Dietary Studies 3?0 to produce

nutrient intake values for minerals (Fe and Ca), vitamins

(vitamin A, vitamin C, vitamin E, vitamin K, thiamin,

riboflavin, niacin, vitamin B6 and folate) and carotenoids

(a-carotene, b-carotene, b-cryptoxanthin, lycopene and

lutein 1 zeathanthin).

Serum micronutrient variables

Specimen collection and processing were carried out

according to the NHANES Laboratory/Medical Technolo-

gists Procedures Manual(21). Serum Fe concentration was

measured by a timed-endpoint method through reducing

Fe31 released from transferrin to the Fe21 state(22).

Indirect ion-selective electrode methodology by the LX20

system was used to measure Ca levels in serum(23). Serum

concentrations of vitamin A, vitamin C, vitamin E

(a-tocopherol) and six carotenoids (b-cryptoxanthin,

trans-lycopene, a-carotene, trans-b-carotene, cis-b-carotene,

cis-combined lutein/zeaxanthin) were measured using

HPLC with multi-wavelength photodiode-array absorbance

detection(24,25). Serum was mixed with meta-phosphoric

acid to acidify the serum and stabilize ascorbate before

measurement of vitamin C status(21). Vitamin B12 was

measured by using the Bio-Rad Laboratories ‘Quantaphase

II Folate/Vitamin B12’ radioassay kit(26). The CV for Fe, Ca,

vitamin A, vitamin E and b-carotene were generally less

than 5%(25). The CV for vitamin C were in the range of

,10% and for the minor carotenoids were generally less

than 20%(25). For vitamin B12, the CV was 5–7% at

300–1500pg/ml and 5–6% at 200pg/ml(26).

Statistical analysis

All data analyses were carried out using the SAS statistical

software package, version 9?2 (2009). Sample weights

were applied to all analyses to account for the unequal

Water intake and dietary and serum micronutrient status 1181

https://doi.org/10.1017/S136898001400007X Published online by Cambridge University Press

https://doi.org/10.1017/S136898001400007X


probability of selection, non-coverage and non-response

bias resulting from oversampling of low-income persons,

adolescents, the elderly, African-Americans and Mexican-

Americans.

Arithmetic means of micronutrient intakes of sub-

populations grouped by sociodemographic and lifestyle

variables were determined. Standard errors were calculated

by the linearization (Taylor series) variance estimation

method for population parameters. All the variables were

log-transformed to approximate normality. ANOVA was

used to compare water intakes according to different

sociodemographic and lifestyle groups controlling for

covariates. Physical activity expressed as MET score

was divided as 0 and tertiles of MET (T1, T2 and T3).

Associations between water contributors and dietary

micronutrient intakes were tested using multiple linear

regression analyses considering each dietary micronutrient

intake as a dependent variable after adjusting for relevant

covariates. The covariates include total energy intake, age,

sex, race/ethnicity, BMI, income-poverty ratio, years of

education, physical activity, alcohol consumption, current

smoking status, dietary supplement intake and any self-

reported chronic disease. Multiple linear regression

analyses were also used to examine the relationship

between water contributors and serum micronutrient con-

centrations adjusting for the aforementioned covariates.

Associations are presented as regression coefficients and

their standard errors to reflect the predicted change of

dietary or serum micronutrient levels given a unit increase

in reported water intake. All P values were two-tailed and

statistical significance was defined as P , 0?05.

Results

The daily mean total water intake was 3066g (3?1 litres)

with about 68% of the population consuming less than the

AI (Table 1). Beverages accounted for 46% of total water

intake followed by plain water (32%) and moisture in

foods (22%). Total water intake was higher in men, indi-

viduals aged 31–50 years old, non-Hispanic Whites and in

participants who had higher education levels than their

counterparts (P , 0?0001). Higher BMI and physical activity

were associated with more total water intake (P , 0?05).

Alcohol consumers, current smokers and dietary supple-

ment users consumed more water than their counterparts

(P , 0?01). Similar associations were found between

different water contributors and the aforementioned

sociodemographic and behavioural factors (Table 1).

Plain water, moisture in beverages and moisture in

foods were positively associated with total water intake

after adjusting for covariates (Table 2). Plain water was

positively associated with moisture in foods and nega-

tively associated with moisture in beverages. Moisture in

beverages was negatively associated with moisture in foods

(P , 0?0001). Associations between water contributors

and dietary micronutrients are shown in Table 3. Total

water intake was positively associated with dietary

micronutrients such as Ca, vitamin A, B vitamins (thiamin,

riboflavin and folate), vitamin C, vitamin E, vitamin K and

carotenoids (a-carotene, b-carotene, b-cryptoxanthin,

lycopene and lutein 1 zeathanthin; P , 0?01). When

examining the associations between water contributors

and dietary micronutrients, plain water showed the same

trend as total water intake and was positively associated

with most essential dietary minerals, vitamins and

carotenoids (P , 0?05). Moisture in foods was a positive

correlate of all the dietary micronutrients (P , 0?001).

However, water intake from beverages was negatively

associated with dietary Fe, vitamin A, several B vitamins,

vitamin C, vitamin E, vitamin K and carotenoids (P , 0?05).

Table 4 shows the associations between water con-

tributors and serum micronutrient levels. Total water intake

was positively associated with serum essential micro-

nutrients such as Ca, vitamin A, vitamin E and several

carotenoids (a-carotene, trans-b-carotene, cis-b-carotene

and lutein 1 zeathanthin; P , 0?05). Plain water and

moisture in foods were positively correlated with most

serum micronutrient concentrations (P , 0?05). However,

increased moisture in beverages was associated with a

decrease in several serum micronutrient levels (P , 0?01).

Discussion

The present study documented a positive association of

total water, plain water and moisture in foods with dietary

and serum minerals, vitamins and carotenoids, but a

negative correlation of moisture in beverages with several

essential nutrient intakes and serum levels. This may

imply the diverse impact of water sources on dietary and

serum micronutrient profiles, providing a different per-

spective for water benefits from its possible displacement

of energy from sugar-sweetened beverages.

Mean water intakes across various sociodemographic

characteristics were comparable to those in Kant et al.’s

study(14). Plain water intake was associated with several

indicators of healthy lifestyles, such as high physical

activity and regularly taking dietary supplements. Our

results also underscored a significant contribution from

food moisture. According to the US Department of

Agriculture, the top food items having plentiful water

content include fruits and vegetables, while the least

‘water’ foods are oils, sugars, nuts, snacks, butter and

cakes(27). Therefore, higher food moisture intake prob-

ably implied higher consumption of fruits and vegetables.

Additionally, dietary supplement users tended to drink

more plain water and have more moisture-abundant food

items. Although large percentages of US adults consumed

total water less than the AI for water based on dietary

data, it is impossible to assess the adequacy of water

intake among the US population because there is no
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accepted method or completely adequate biomarkers to

assess hydration status at the population level(4,28,29).

Thereby, as suggested by Popkin et al.(29), incomplete

data and validation approaches for evaluating water

requirements are at best suggestive of an issue deserving

extensive exploration.

Our results suggested differential associations between

water contributors and dietary micronutrient intakes.

Table 1 Comparisons of water intake from plain water, moisture in beverages and moisture in foods by sociodemographic and behavioural
characteristics among US adults aged $20 years in NHANES 2005–2006 (n 2691)*,-

Plain water (g/d) Moisture in beverages (g/d) Moisture in foods (g/d) Total water (g/d)

n Mean SE Mean SE Mean SE Mean SE % below AI

All 2691 985 39 1418 34 664 14 3066 47 67?9
Sex

Men 1379 988 39 1668 38 735 19 3392 48 73?0
Women 1312 981 45 1176 31 595 11 2752 50 62?5
P value 0?660 ,0?05 ,0?001 ,0?0001

Age (years)
20–30 448 1028 74 1347 41 644 27 3020 113 66?5
31–50 977 1082 50 1571 50 659 17 3311 55 58?8
51–70 825 923 40 1400 57 670 16 2993 61 70?6
.70 441 689 20 962 20 697 20 2349 41 84?6
P value ,0?01 ,0?0001 ,0?0001 ,0?0001

Race/ethnicity
Non-Hispanic White 1460 1009 45 1507 36 666 15 3182 44 61?8
Non-Hispanic Black 545 852 52 1029 37 602 18 2482 66 80?0
Mexican-American 511 971 55 1162 30 683 21 2816 62 72?0
Others 175 916 90 1251 74 699 25 2866 110 69?1
P value ,0?05 ,0?0001 ,0?05 ,0?0001

BMI (kg/m2)
,18?5 42 767 118 1355 70 725 71 2846 118 64?3
$18?5 to ,25?0 760 950 61 1340 37 676 21 2966 79 67?2
$25?0 to ,30?0 937 956 46 1491 45 669 16 3116 71 71?2
$30?0 952 1053 66 1419 56 645 14 3117 66 65?3
P value ,0?05 ,0?05 0?285 ,0?05

Income-poverty ratio-

-

,1?0 392 815 76 1414 73 598 25 2828 79 74?7
1?0–1?3 243 683 29 1280 57 683 29 2867 85 72?0
1?3–1?85 342 868 86 1304 66 639 26 2811 103 71?6
$1?85 1714 1027 38 144 38 673 14 3144 40 65?0
P value 0?690 0?759 0?986 0?494

Years of education
,12 years 666 745 36 1394 62 613 19 2752 85 79?9
12 years 649 888 66 1468 43 612 18 2968 69 68?4
.12 years 1376 1084 41 1404 36 697 15 3184 41 61?9
P value ,0?01 0?651 ,0?01 ,0?01

Current smokingy
No 1971 1026 35 1231 29 688 13 2945 49 70?4
Yes 720 883 65 1879 64 602 19 3365 74 61?0
P value 0?099 ,0?0001 ,0?0001 ,0?01

Alcohol consumption||
No 750 859 31 1067 53 622 11 2548 49 77?6
Yes 1941 1023 46 1525 37 676 16 3225 46 64?1
P value ,0?05 ,0?01 0?523 ,0?0001

Dietary supplement use
No 1304 901 43 1499 47 619 16 3019 70 72?6
Yes 1387 1051 15 1353 31 699 15 3104 62 63?5
P value 0?039 0?250 0?000 0?002

Physical activityz
0 598 973 74 1295 38 653 19 2920 67 70?2
T1 1363 971 38 1325 38 653 13 2949 54 69?9
T2 494 1004 81 1617 69 680 29 3302 56 61?7
T3 236 1047 81 1806 58 716 25 3568 119 63?1
P value 0?388 0?114 0?252 ,0?0001

NHANES, National Health and Nutrition Examination Survey; AI, Adequate Intake; MET, metabolic equivalent.
*Water intakes were estimated based on the two 24 h dietary recalls in NHANES 2005–2006. Total water was a combination of plain water, moisture in
beverages and moisture in foods.
-All values are means with their standard errors. P value was obtained by ANOVA controlling for the covariates listed in the table.
-

-

Ratio of the median family income to the poverty index. An income-poverty ratio #1?30 is required to be eligible for food assistance programmes.
yCurrent smoking: yes means to have smoked cigarettes, cigars or pipes, or to have used chewing tobacco or snuff at least once during the past 30 d.
||Alcohol consumption: yes means to consume $12 alcoholic beverages/year.
zExercise levels, expressed as the MET score, were calculated by combining the intensity level of the leisure-time activities reported, mean duration and
frequency.
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Moisture in foods was the water source which had the

most positive association with the dietary micronutrients

and was the largest factor that influenced total water

effect on dietary nutrient profiles. In contrast, beverages,

the top contributor to total water intake, was inversely

associated with nutrient profiles and ameliorated

the effect of total water on dietary nutrient profiles.

Interestingly, plain water, absent of any examined

micronutrients itself, served as a positive correlate. These

discrepancies might be partially explained by the corre-

lations among these water contributors. The positive

association of plain water with food moisture and the

inverse association with beverages suggested that plain

water affected dietary micronutrients possibly through

substituting beverage consumption and improving

high-water-content food items such as fruits and vege-

tables(14,29). In addition, these findings probably stemmed

from the dietary patterns each water contributor

closely related to. As noted by previous studies(30,31),

increased plain water intake was associated with healthier

dietary patterns composed of higher consumption of

fruits, vegetables, and low- and reduced-fat dairy products;

while increased beverage (excluding plain water) con-

sumption was associated with the meal pattern of snacks

and high-fat foods. Furthermore, dietary minerals were not

affected by water intakes as much as dietary vitamins and

carotenoids, which could be explained by the relative

lower mineral content in major moisture-abundant food

items. Consequently, plain water and food moisture were

potential dietary components to be promoted to increase

dietary micronutrient profiles; however, the opposite trend

was revealed for beverage intake.

Water contributors have demonstrated a similar impact on

serum micronutrient concentrations as dietary micronutrient

Table 2 Associations among total water, plain water, moisture in beverages and moisture in foods among US adults aged $20 years in
NHANES 2005–2006 (n 2691)*,-

Total water Plain water Moisture in beverages Moisture in foods

b P value b P value b P value b P value

Plain water 0?23 ,0?0001 – – 20?10 ,0?0001 0?06 ,0?0001
Moisture in beverages 0?22 ,0?0001 20?32 ,0?0001
Moisture in foods 0?18 ,0?0001

NHANES, National Health and Nutrition Examination Survey.
*Water intakes were estimated based on the two 24 h dietary recalls in NHANES 2005–2006. Total water was a combination of plain water, moisture in
beverages and moisture in foods.
-The multiple linear regression models were adjusted for age, race/ethnicity, sex, BMI, income-poverty ratio, years of education, smoking status, alcohol
intake, dietary supplement intake, physical activity, chronic disease incidence and energy intake.

Table 3 Associations of water contributors and total water intake with micronutrient intake status among US adults aged $20 years in
NHANES 2005–2006 (n 2691)*,-

Plain water (g/d) Moisture in beverages (g/d) Moisture in foods (g/d) Total water (g/d)

Dietary micronutrient b SE P value b SE P value b SE P value b SE P value

Fe (mg/d) 0?01 0?01 0?103 20?07 0?02 ,0?01 0?18 0?02 ,0?0001 0?03 0?02 0?077
Ca (mg/d) 0?09 0?01 ,0?0001 20?02 0?02 0?301 0?12 0?02 ,0?0001 0?25 0?02 ,0?0001
Vitamin A (mg/d) 0?06 0?01 ,0?0001 20?11 0?03 ,0?01 0?48 0?04 ,0?0001 0?20 0?03 ,0?0001
Vitamin B

Thiamin (mg/d) 0?03 0?01 ,0?05 0?07 0?02 ,0?05 0?13 0?03 ,0?001 0?19 0?02 ,0?0001
Riboflavin (mg/d) 0?03 0?01 ,0?05 0?11 0?02 ,0?001 0?07 0?01 ,0?001 0?23 0?02 ,0?0001
Niacin (mg/d) 0?04 0?01 ,0?01 0?00 0?02 0?885 0?17 0?03 ,0?0001 0?16 0?02 ,0?0001
Folate (mg DFE/d) 0?03 0?01 ,0?01 20?05 0?02 ,0?05 0?25 0?03 ,0?0001 0?16 0?03 ,0?0001
Vitamin B6 (mg/d) 0?05 0?01 ,0?01 20?02 0?03 0?489 0?30 0?03 ,0?0001 0?23 0?02 ,0?0001

Vitamin C (mg/d) 0?09 0?02 ,0?01 20?23 0?03 ,0?0001 1?26 0?05 ,0?0001 0?38 0?05 ,0?0001
Vitamin E (mg/d)-

-

0?03 0?01 ,0?01 20?10 0?02 ,0?01 0?32 0?03 ,0?0001 0?09 0?02 ,0?01
Vitamin K (mg/d) 0?06 0?02 ,0?05 20?16 0?03 ,0?0001 0?74 0?05 ,0?0001 0?27 0?06 ,0?001
Carotenoids

a-Carotene (mg/d) 0?16 0?06 ,0?05 20?32 0?09 ,0?01 1?86 0?07 ,0?0001 0?80 0?12 ,0?0001
b-Carotene (mg/d) 0?13 0?02 ,0?001 20?28 0?06 ,0?001 1?52 0?04 ,0?0001 0?60 0?05 ,0?0001
b-Cryptoxanthin (mg/d) 0?10 0?04 ,0?05 20?37 0?04 ,0?0001 1?85 0?08 ,0?0001 0?45 0?12 ,0?01
Lycopene (mg/d) 0?16 0?03 ,0?001 20?30 0?07 ,0?001 0?70 0?09 ,0?0001 0?28 0?08 ,0?01
Lutein1zeathanthin (mg/d) 0?11 0?03 ,0?001 20?23 0?03 ,0?0001 1?19 0?05 ,0?0001 0?48 0?06 ,0?0001

NHANES, National Health and Nutrition Examination Survey; DFE, dietary folate equivalents.
*Water and dietary micronutrient intakes were estimated based on the two 24 h dietary recalls in NHANES 2005–2006. Total water was a combination of plain
water, moisture in beverages and moisture in foods.
-All values are b coefficients and their standard errors. P value was estimated from multiple linear regression model. The multiple linear regression considers
each dietary micronutrient intake as a dependent variable and water contributors as independent variables after adjusting for total energy intake, age, sex,
race/ethnicity, BMI, income-poverty ratio, years of education, physical activity, alcohol consumption, current smoking status, dietary supplement intake and any
self-reported chronic disease. All the missing values on any variables were excluded.
-

-

Vitamin E estimate included a-tocopherol intake only.
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intakes, especially on serum vitamin and carotenoid

levels. Since the assumption that consumption of water

alone or beverages containing water affects hydration

differentially is not validated(4,32), the divergent in vivo

effects from water contributors, to a large extent, are

dependent on dietary intake alterations. Food moisture

was the top contributor to increased serum vitamins

and carotenoids followed by plain water intake, while

beverages decreased these serum nutrient concentrations.

Plasma or serum carotenoids are the most commonly used

biomarkers for indicating vegetable, fruit or fruit juice

consumption(16,33). Thus, the increased serum carotenoids

indicated a positive association between water intake and

fruit and vegetable intake, which was consistent with

previous studies(30,31). As a result, the findings suggested

that promoting plain water or moisture-abundant food

items could potentially improve the serum micronutrient

status while beverages diminished it.

To our best knowledge, the present study is the first to

document dietary and serum nutritional benefits asso-

ciated with water intake in the US free-living population

on a large scale. However, we acknowledge that although

two 24 h dietary recalls were used for dietary intake

estimation including water consumption, they are still

prone to systematic and random measurement errors and

might not be accurately presenting the usual American

diet(34). Also, the poorly developed water requirements

hindered the further investigation of water adequacy with

respect to different sociodemographic and behavioural

characteristics. Expression of water requirements relative

to energy requirements is suggested with variability by

age, sex, body size (or surface area) and physical activity

level(29). Moreover, the beverage variable was generated

without distinguishing nutritious beverages such as

fruit juices, milk and soda, which might mitigate the

contributions from beverages on nutrient profiles.

Conclusion

The present study examined water consumption with a

different insight by examining the relevant associations

of water contributors on nutrient intakes and serum

profiles among US adults. The different associations

of dietary and serum micronutrient compositions with

various water contributors provide additional evidence to

encourage plain water intake over other beverages (e.g.

sugar-sweetened beverages) for improving micronutrient

adequacy. The differential effects from water contributors

on health outcomes, not only obesity, warrant further

investigation.
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Table 4 Associations of water contributors and total water intake with serum micronutrient concentrations among US adults aged
$20 years in NHANES 2005–2006 (n 2691)*,-

Plain water (g/d) Moisture in beverages (g/d) Moisture in foods (g/d) Total water (g/d)

Serum micronutrient b SE P value b SE P value b SE P value b SE P value

Fe (mg/dl) 0?020 0?012 0?105 0?021 0?018 0?255 0?002 0?028 0?942 0?046 0?026 0?096
Ca (mg/dl) 0?003 0?001 ,0?01 0?001 0?001 0?482 0?003 0?002 0?135 0?007 0?002 ,0?01
Vitamin A (mg/dl) 0?021 0?007 ,0?01 20?013 0?013 0?339 0?029 0?013 ,0?05 0?067 0?018 ,0?01
Vitamin B12 (pg/ml) 0?030 0?010 ,0?05 20?040 0?020 0?054 0?100 0?030 ,0?01 0?050 0?040 0?225
Vitamin C (mg/dl) 0?050 0?015 ,0?01 20?107 0?025 ,0?001 0?367 0?029 ,0?0001 0?106 0?049 ,0?05
Vitamin E (mg/dl)-

-

0?024 0?012 0?066 20?025 0?012 0?054 0?067 0?016 ,0?001 0?063 0?029 ,0?05
Carotenoids

a-Carotene (mg/dl) 0?051 0?023 ,0?05 20?162 0?041 ,0?01 0?719 0?054 ,0?0001 0?273 0?060 ,0?001
Trans-b-carotene (mg/dl) 0?057 0?016 ,0?01 20?141 0?037 ,0?01 0?563 0?060 ,0?0001 0?225 0?052 ,0?001
Cis-b-carotene (mg/dl) 0?049 0?014 ,0?01 20?096 0?021 ,0?001 0?388 0?040 ,0?0001 0?182 0?041 ,0?001
b-Cryptoxanthin (mg/dl) 0?035 0?015 ,0?05 20?152 0?028 ,0?0001 0?510 0?040 ,0?0001 0?091 0?056 0?126
Lycopene (mg/dl) 0?003 0?011 0?809 20?013 0?021 0?537 0?122 0?037 ,0?01 0?041 0?034 0?239
Lutein 1 zeathanthin (mg/dl) 0?040 0?016 ,0?05 20?084 0?021 ,0?01 0?342 0?039 ,0?0001 0?125 0?039 ,0?01

NHANES, National Health and Nutrition Examination Survey.
*Water intakes were estimated based on the two 24 h dietary recalls in NHANES 2005–2006. Total water was a combination of plain water, moisture in
beverages and moisture in foods.
-All values are b coefficients and their standard errors. P value was estimated from multiple linear regression model. The multivariate linear regression
considers each serum micronutrient concentration as a dependent variable and water contributors as independent variables after adjusting for total energy
intake, age, sex, race/ethnicity, BMI, income-poverty ratio, years of education, physical activity, alcohol consumption, current smoking status, dietary
supplement intake and any self-reported chronic disease. All the missing values on any variables were excluded.
-

-

Vitamin E estimate included a-tocopherol concentrations only.
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