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Abstract 
Objective: Recommended fluoride concentrations in US public water systems 

are between 0.7- 1.2 ppm, depending on the mean daily maximum temperature. 
This range assumes that water intake is higher in warmer than in cooler climates, 
based on research from the 1950s. The aim of this analysis is to relate fluid 
consumption among American children aged l-lo years to the local climate under 
modern conditions. Methods: The quantities of daily total fluid intake per body 
weight (ml/kg) and plain water intake per body weight (ml/kg) of children were 
calculated from the 24-hour recall diet survey in the third National Health and 
Nutrition Examination Survey (NHANES 111, 1988-94). The mean daily maximum 
temperature from 1961 to 1990, averaged for the month during which the 
NHANES ill exam was conducted, was obtained for each survey location from 
the US Local Climate Historical Database. Multiple regression analysis was 
conducted using SAS and SUDAAN. Results: Fluid intake was significantly 
associated with age, sex, socioeconomic status (SES), and race and ethnicity. 
No significant association could be found between the amount of either total fluid 
or plain water intake and mean daily maximum temperature, either before and 
after controlling for sex, age, SES, and race or ethnicity. Conclusions: Results 
indicate that there is no evidence that fluid consumption among children is 
significantly related to mean temperature in modern conditions. This suggests that 
the national temperature-related guidelines for fluoride concentration in drinking 
water may be due for reevaluation. [J Public Health Dent 2001;61(2):99-1061 
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The history of early fluoride re- 
search and subsequent development 
of the recommended range of water 
fluoride concentration have been well 
described in the literature (1,2). The 
"optimum" fluoride concentration of 
1.0 part per million (ppm) was sug- 
gested by Dean et al. (3,4) from the "21 
Cities" study as the trade-off between 
maximum caries prevention and an 
"acceptable" level of dental fluorosis. 
A few years later, Arnold (5) sug- 
gested that some factors that might 
affect children's fluid intake, such as 
climate, should be considered in set- 
ting public policy for fluoridation. 

In the 1950s, Galagan and Lamson 
(6) measured the prevalence and se- 
verity of fluorosis of children in Ari- 

zona and compared the results with 
those of Dean's studies in the Mid- 
west. They found more severe en- 
demic fluorosis among the children 
from the southwestern communities 
and concluded that the higher 
fluorosis levels might be due to differ- 
ences in water consumption. The de- 
sign of these studies was somewhat 
crude by today's standards because no 
consideration was given to potential 
confounders such as socioeconomic 
status. The results, nevertheless, pro- 
vided indirect evidence for a relation- 
ship between temperature and fluid 
intake. 

In a later study, Galagan and col- 
leagues directly measured water con- 
sumption among children aged 1 to 10 

years old and daily maximum tem- 
perature in two California cities at  dif- 
ferent seasons. The relationship be- 
tween water consumption and tem- 
perature was subsequently proposed 
as the following equation (7): Water 
intake per body weight (oz/lb)= 
-0.038+0.0062 x mean daily maximum 
temperature (OF) .  Using this equation 
and the conclusion from Dean's stud- 
ies that 1.0 ppm of fluoride was the 
optimum concentration in the Chicago 
area cities where mean maximum 
daily temperature was 61.6"F, Gala- 
gan and Vermillion (8) derived an 
equation to assess the optimum fluo- 
ride concentration in relation to local 
temperature: Optimum fluoride (ppm 
F)=0.34/(-0.038+0.0062 x mean daily 
maximum temperature ("F)). Finally, a 
range of optimum fluoride concentra- 
tion of 0.7-1.2 pprn F was suggested 
based on an approximate temperature 
range of 5ODF-90.5"F for the United 
States. The US Public Health Service 
adopted this range in 1962 for its 
guidelines for appropriate fluoride 
levels for the prevention of dental car- 
ies (9), and it remains in force today 
(10). 

Only a few studies have investi- 
gated fluid intake of children with its 
relationship to climate since Galagan's 
studies (11-14). The findings from 
these studies were equivocal. Crosby 
and Shepherd (11) reported a marked 
increase of fluid intake in kindergart- 
ners and schoolgirls during summer in 
Australia. More recently, Ershow and 
Cantor (12) reported a slightly higher 
fluid consumption in summer in the 
United States based on the 1977-78 
Nationwide Food Consumption Sur- 
vey (NFCS) data. However, they also 
reported that regional differences 
were much bigger than seasonal dif- 
ferences and that the seasonal pattern 
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was not consistent over age groups. 
They did not report seasonal variation 
after controlling for geographic re- 
gion. 

In contrast, Walker et al. (14) found 
no difference in fluid intake among 
children by season in various areas in 
the United States. McPhail and 
Zacherl(l3) actually found an increase 
of fluid intake with temperatures be- 
low 50°F and an overall U-shaped 
fluid intake-temperature relationship 
from their study in northern Canada. 
They suggested a possible alteration of 
the effect of climatic temperature on 
fluid intake by artificial temperature 
regulation, such as indoor heating and 
warm clothing. Both of these studies 
were conducted shortly after Gala- 
gan’s research, so the reasons for the 
different findings are not clear. 

Since these studies were conducted, 
social and technological progress has 
dramatically changed people‘s way of 
living. For example, interior tempera- 
ture control by air conditioning and 
central heating is widespread in the 
United States in homes, offices, and in 
public and private transportation. 
However, the implications of these 
changes olt LIie relstionship between 
fluid consumption and outdoor tem- 
perature among populations have not 
been studied lately. The aim of this 
analysis is to relate fiuid consumption 
among US children to the local climate 
under modern conditions. 

Methods 
The NHANES I11 Survey. This 

study used data from the third Na- 
tional Health and Nutrition Examina- 
tion Survey (NHANES 111, 1988-94). 
The data were acquired from two se- 
ries of public release CD-ROMs (15,16) 
released by the National Center for 
Health Statistics (NCHS). 

A detailed description of design 
specifications and the sample design 
and weighting and estimation proce- 
dures for NHANES I11 can be found 
elsewhere (17). Briefly, the NHANES 
111 sample represented the total civil- 
ian, noninstitutionalized population, 
aged 2 months and older, in the 50 
states and the District of Columbia. LA 
NHANES I11 39,695 persons were se- 
lected over a six-year period; of those, 
33,994 (86%) were interviewed in their 
homes. All interviewed persons were 
invited to the Mobile Examination 
Center (MEC) for selected physical ex- 
aminations and a 24-hour dietary re- 

call interview. In the dietary interview, 
respondents reported all foods and 
beverages consumed for the previous 
24-hour time period (midnight to mid- 
night). The dietary interviews were 
conducted in English and Spanish by 
trained bilingual dietary interviewers. 
For children under 12 years old, proxy 
respondents such as parents or 
guardians were allowed. 

Study Population.The sample for 
our analyses included children aged 
1-10 years who completed the 24-hour 
dietary interview (or proxy interview 
for the younger hldren)  at the MEC 
during the NHANES 111. Breast-fed 
children were excluded from this 
analysis because there was no way to 
measure the precise amount of breast 
milk many of these young children 
consume. Dietary interview data in- 
cluded information about the com- 
pleteness of the survey as determined 
by the interviewer. As recommended 
by NCHS, only those with a final die- 
tary recall status classified as complete 
were included in this analysis. As a 
result, among 8,613 children aged 1-10 
years who completed the 24-hour diet 
recall survey, 688 (18%) were excluded 
due to incomplete data, leaving 7,925 
eligible for this analysis. 

Sociodemographic Information. 
Race and ethnicity classifications were 
non-Hispanic whites, non-Hispanic 
blacks (African Americans), Mexican 
Americans, and others. The “others” 
category includes all Hispanics, re- 
gardless of race, who were not Mexi- 
can American and also includes all 
non-Hispanics from racial groups 
other than white or African American. 
Socioeconomic status (SES) was cate- 
gorized on the basis of the poverty 
income ratio (PIR), which is a ratio of 
reported annual family income to the 
federal poverty threshold. The catego- 
ries of SES in this analysis were: low 
SES (0.000-1.300 PIR), middle SES 
(1.301-3.500 PIR), and high SES (3.501 
and above PIR). Geographic regions 
were defined as Northeast, Midwest, 
South, and West as defined by the Bu- 
reau of the Census. Urbanicity was 
defined as central or fringe counties of 
metropolitan areas with a population 
of 1 million or more. All other areas 
were recorded as rural. 

Fluid Consumption Data. There 
are two measurements of fluid con- 
sumption provided in the NHANES 
111 data: (1) fluid intake from plain 
water drinking, and (2) fluid intake 

from food and beverages other than 
plain water drinking (15). The total 
amount of fluid intake for a child was 
calculated by adding these two meas- 
urements. Throughout this report, 
plain water intake was defined as fluid 
intake from tap water and spring 
water; total fluid intake was defined as 
sum of fluid intake from all sources 
including plain water, foods, and bev- 
erages. The amount of fluid from vari- 
ous sources was differentiated based 
on a separate Individual Food File in 
the NHANES I11 dataset (16). We iden- 
tified major fluid sources as milk (and 
milk drinks), juice (fruit and vegetable 
juices and other noncarbonated 
drinks), carbonated drinks, and plain 
water. Fluid intake from sources other 
than these major sources were all 
grouped into other foods and bever- 
ages. The other foods and beverages 
includes bottled water, coffee, tea, 
baby food, soup, water-based bever- 
ages, and water used for dilution of 
food. All measures of the amount of 
fluid intake were converted to a metric 
scale, based on 1 fluid oz=29.59 ml. 
After initial analysis of fluid consump- 
tion, seven subjects with a total fluid 
intake over six standard deviations 
from the mean for each age were ex- 
cluded from further analyses as out- 
liers. 

Data for Local Climate. NHANES 
I11 collected no information about 
weather. Climatic information, there- 
fore, was acquired from other sources, 
including publications (18) and the US 
National Climatic Data Center on the 
Internet (19). 

We were not able to ascertain cli- 
matic information for all of the 
NHANES I11 participants because de- 
tailed information of survey location, 
in terms of county and state, was re- 
leased only for 35 counties with a 
population of more than 500,000 to 
prevent identification of respondents. 

Also to protect respondents’ confi- 
dentiality, the exact survey date was 
not included in the public release 
dataset. Only the month of the survey 
was available for each individual. 
Therefore, we used a 30-year average 
of the mean daily maximum tempera- 
ture from 1961 to 1990 for the month 
during which the NHANES 111 data 
were collected for each survey lwa- 
tion. Mean daily maximum tempera- 
ture was chosen to describe a loca- 
tion’s climate, because it is reportedly 
the most relevant to fluid intake (7,20). 
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Each mean daily maximum tempera- 
ture was determined from the 
database. For some counties where 
more than one temperature measure- 
ment location was available, tempera- 
ture measured at the airport or city hall 
was used as the county-level tempera- 
ture. 

Statistical Analysis. Data manage- 
ment included the merging of datasets 
and construction of variables. Prelimi- 
nary analyses were carried out using 
Statistical Analysis System0 Software 
(21). Because NHANES I11 is based on 
a complex, multistage cluster sample 
design, the Survey Data Analysis Soft- 
ware (SUDAAN, Release 7.5) was 
used to estimate variances adjusted for 
the design effect from sampling (22). 
All analyses incorporated sampling 
weights to adjust for unequal sam- 
p h g  probabilities and nonresponse 
bias (17). 

Descriptive analysis included bi- 
variable analyses of the amount of 
fluid intake by demographic factors 
such as age, sex, race or ethnicity, SES, 
geographic region, and urbanicity. 
Differences in fluid intake between 
levels of a variable were tested by the 
Bonferroni multiple comparison 
method. 

Simple linear regression analyses 
were conducted to relate total fluid 
and plain water intake per kg body 
weight per day to the local tempera- 
ture. Multiple linear regression analy- 
ses were also conducted to construct a 
model to explain variations in total 
fluid and plain water intake per kg 
body weight per day, controlling for 
confounding and interactions. In mul- 
tiple regression analyses, age, sex, race 
or ethnicity, and SES were included, as 
well as the mean daily maximum tem- 
perature, because these variables were 
identified as sigruficant covariates for 
the amount of fluid intake in the de- 
scriptive analysis. 

Results 
Of the 7,925 eligible children with 

complete dietary data, 3,869 (48.8%) 
for whom we could obtain tempera- 
ture information were included in our 
analysis as the study group. Table 1 
presents demographic characteristics 
and fluid intake of the total sample, the 
study group sample, and the sample 
without temperature data. Consider- 
ing that the temperature data were 
available only for counties with a 
populationof more than a half million, 

TABLE 1 
Selected Characteristics of Study Participants Aged 1-10 years 

(Mean or PercentkSE), NHANES 111,1988-94 

Total Sample w / Sample w / o  
Characteristics Sample Temperature Temperature 

Sample size 
Estimated US population 
Mean age (years) 
sex (%) 

Male 
Female 

White' 
African American* 
Mexican American 
Others 

Socioeconomic statust 
Low 
Middle 
High 

Region$ (%) 
Northeast 
Midwest 
South 
West 

Urban 
Rural 

Mean fluid intake (ml/kg/day) 
(selected) 

Race/ethnicity (YO) 

Urban/rural (%) 

Total fluid 
Plain water 
Milk 
Carbonated drinks 
Juice 

7,925 
35,601,358 

5.5kO. 1 

51.7M.9 
48.3M.9 

65.033.6 
15.6k1.2 
9.3M.9 

10.1k1.3 

34.8k1.6 
45.6k1.6 
19.6k1.2 

17.333.2 
23.2k1.5 
34.623.1 
24.9f4.3 

47.7k.5.4 
52.3k5.4 

8 4 . M  .O 
26.8M.8 
17.6k0.3 
5.6M.2 

11.83.3 

3,869 
15,037,523 

5.6M.1 

52.8k1.6 
47.2f1.6 

52.523.0 
17.9k1.9 
13.3k2.0 
16.2f2.6 

35.0Q.9 
41.0S.4 
24 .05~2  

28.2f4.5 
17.5k4.1 
20.4k5.6 
33.9s.9 

81.827.7 
18.227.7 

83.621.1 
27.3f1.0 
17.7M.6 
5.3fo.3 

11.4k0.6 

4,056 
20,563,835 

5.5M.1 

50.8k1.1 
49.2k1.1 

74.122.4 
13.9k1.8 
6.4fl.4 
5.5f2.0 

34.7s.  1 
48.9f2.2 
16.4k1.8 

9.4k3.1 
27.3f2.8 
45.0k5.5 
18.3k7.5 

22.8k7.3 
77.2k7.3 

84.5k1.4 
26.4kl.l 
17.73.4 
5 . w . 3  

12.2M.4 

*Not of Hispanic origin. 
tBased on ratio of household income to federal poverty threshold. Low: 11.300, medium: 

SNortheast=CT, ME, MA, NH, NJ, NY, PA, RI, VT; Midwest=L, IN, IA, KS, MI, MN, MO, NB, 
ND, OH, SD, WI; South=AL, AR, DE, DC, FL, GA, KY, LA, MD, MS, NC, OK, SC, TN, TX, VA, 
W; West=AK, AZ, CA, CO, HI, ID, MT, NV, NM, OR, UT, WA, WY. 

1.301-3.500, high 23.501. 

it was not surprising that the study 
group was mostly urban (81.8%), 
whereas only 47.7percent of total sam- 
ple was urban. For this reason, the 
Northeast and West regions, where 
there are more large cities, were some- 
what overrepresented in the study 
group. Similarly, whites were under- 
represented compared to other racial 
or ethnic groups. Fluid consumption 
showed similar results among these 
samples. 

Table 2 presents the amount of total 
fluid and plain water intake among the 

3,869 children in the study group. To- 
tal fluid intake (&/day) increased as 
age increased while total fluid intake 
per body weight (ml/kg/day) de- 
creased with age. Plain water intake 
(ml/day) also increased with age. 
However, plain water intake per body 
weight (ml/kg/day) did not show a 
consistent pattern by age. Boys 
showed significantly higher total fluid 
and plain water intake than girls. 
There was an inverse relationship be- 
tween fluid intake (for both total fluid 
and plain water) and SES. Fluid intake 
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TABLE 2 
Estimated Amount of Total Fluid and Plain Water Intake among Children* 

Aged 1-10 Years, NHANES 111,1988-94 

Total Fluid Plain Water 

(ml/day)kSE (ml/kg/day)kSE (ml/day)kSE (mi/kg/day)SE n 

Age (years) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Sex 
Male 
Female 

White 
African American 
Mexican American 
Other 

Low 
Medium 
High 

Regiont 
Northeast 
Midwest 
South 
West 

Urban 
Rural 

Race/ethnicity 

Poverty income ratio 

Urban/ruralt 

Total 

578 
579 
502 
51 1 
465 
255 
235 
247 
254 
243 

297.5k19.4 
430.0r25.6 
482.1k27.2 
516.5k22.6 
525.4k35.5 
718.1k118.4 
673.71-46.2 
626.4k36.5 
878.2k59.2 
866.8k73.5 

26.3f1.8 
31.8f1.9 
31.0f1.8 
29.4f1.3 
26.3k1.7 
30.6f4.7 
26.1k1.9 
21.1k1.2 
25.8k1.4 
24.3f2.0 

1,393.4f30.7 
1,445.5f30.8 
1,548.1 k75.2 
1,601.2f41.2 
1,670.0f53.7 
1,855.2k124.9 
1,807.7k65.7 
1,792.0f37.4 
2,112.9578.0 
2,051.4396.8 

124.322.9 
107.4rt2.3 
99.5k4.6 
91.3223 
84.3k2.3 
80.6k4.9 
70.8r2.3 
61.3k1.8 
64.7k2.1 
58.0k2.4 

1,974 
1,895 

1,801.53229.8 
1,664.1k24.3 

86.0k1.8 
80.9k1.5 

635.6f31.9 
579.2525.6 

28.5f1.3 
25.951.0 

736 
1,122 
1,728 

283 

552.4k34.2 
795.3k36.4 
633.4~23.1 
565.2k39.4 

1,653.1k25.6 
1,858.9i42.3 
1,817.2324.8 
1,812.9k47.0 

79.0k1.8 
88.3k1.8 
88.9k1.7 
89.6k4.2 

24.411.3 
36.1k1.5 
28.7f1.1 
25.6k1.7 

1,868 
1,204 

379 

1,828.3f31.9 
1,689.8f31.1 
1,668.3f54.3 

93.4k2.6 
79.551.6 
75.8k2.5 

662.3f27.3 
604.3k34.5 
532.9f52.2 

32.2k1.3 
26.0k1.4 
22.1f1.7 

679 
699 
869 

1,622 

86.9k2.3 
83.7i1.5 
83.2k2.2 
81.1k1.7 

1,734.8f30.7 
1,734.4f45.3 
1,739.4f31.2 

737.4f24.5 

568.2f52.1 
639.7k53.8 
612.9k24.1 
624.4f44.2 

26.4k2.1 
28.9i1.8 
27.6k1.3 
27.0k1.9 

3,358 
51 1 

3,869 

1,736.4f18.0 
1,737.4f18.9 
1,736.5f15.2 

83.6+1.0 
83.5k4.3 
83.6k1.1 

609.1k28.7 
608.0k20.3 
608.9k23.7 

27.1 k1.1 
27.8k1.2 
27.3kl.O 

‘(Children with temperature data. 
+All variables except for Region and Urban/rural showed statistically signhcant differences for both total fluid and plain water intake by Bonferroni 
multiple comparison method. 

varied among racial or ethnic groups. 
African Americans consumed more 
plain water than any other racial or 
ethnic group. Fluid intake did not dif- 
fer significantly among geographical 
regions. However, because NHANES 
I11 is biased by region and season (e.g., 
examiners were not sent to the north- 
ern regions during winter), this rela- 
tionship could not be evaluated di- 
rectly (17). 

Table 3 shows proportions of fluid 
intake from four major sources includ- 

ing plain water, milk, juice, and car- 
bonated drinks by demographic vari- 
ables. Plain water constituted 30.9 per- 
cent of total fluid intake. Proportions 
of total fluid intake made up of milk, 
juice, and carbonated drinks were 20.9 
percent, 13.9 percent, and 7.4 percent, 
respectively. The remaining 26.9 per- 
cent of fluid consumption was from 
food and other beverages (data not 
shown). Proportions from plain water 
and carbonated drinks increased by 
age, whereas those frommilk and juice 

decreased. While boys showed 
slightly higher milk consumption and 
girls showed sIightly higher juice con- 
sumption, plain water consumption 
did not differ by sex. Among African 
American children, 38.3 percent of 
fluid intake was from plain water, 
compared to 29.2 percent for whites 
and 31.4 percent for Mexican Ameri- 
cans. Milk made up only 14.7 percent 
of fluid intake among African Ameri- 
can children, while it made up 21.2 
percent and 23.8 percent for whites 
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and Mexican Americans, respectively. 
Children from lower SES strata 
showed a tendency of higher plain 
water consumption and lower milk, 
juice, and carbonated drink consup-  
tion than those from higher SES. 

Results from simple regression 
analyses are presented in schematic 
plots for easy comparison to the result 
of Galagan et al. (7). Although a regres- 
sion analysis in the 1950s showed a 
significant linear relationship (Figure 
l), our analyses showed no significant 
linear relationship between fluid in- 
take and mean daily maximum tem- 
perature for both plain water intake 
(Figure 2) and total fluid intake (Figure 
3). In the 1950s, water intake among 
children aged 0-10 years varied by 
more than 50 percent from 22.0 
ml/kg/day among those residing in 
areas with a mean daily maximum 
temperature of 60°F to 33.7 ml/kg/ 
day among those in 90°F areas (Figure 
1). With the same temperature in- 
crease in 1988-94, plain water intake 
among children (1-10 years old) in- 
creased only 11.6 percent (P=.17) from 
25.7 ml/kg/day to 28.7 ml/kg/day 
(Figure 2), and total fluid intake in- 
creased only 4.8 percent (P=.37) from 
82.1 ml/kg/day to 86.0 ml/kg/day 
(Figure 3). 

Table 4 presents results from multi- 
ple regression analyses. Separate 
models were constructed for the out- 
come of fluid intake per kg body 
weight; one for total fluid, and the 
other for plain water only. Age and 
SES were identified as significant pre- 
dictors in both models. Race/ethnicity 
was a sigruficant predictor for plain 
water intake when controlling for 
other factors, but not for total fluid 
intake. Sex was a significant predictor 
for total fluid intake after controlling 
for other factors, but not for plain 
water intake. Mean daily maximum 
temperature was not significant with 
other factors in the model. We tested a 
model with interaction terms to iden- 
tLfy interaction between temperature 
and race/ethnicity or SES. However, 
no interactions were significant, so all 
were dropped from the final model. 

Discussion 
NHANES I11 adopted a 24-hour re- 

call method for the dietary record, 
which has certain advantages in terms 
of speed and ease of administration. 
However, it does not necessarily pro- 
vide reliable and valid estimation of an 

TABLE 3 
Proportions of Fluid Consumption from Various Sources among Children* 

Aged 1-10 Years (Percent f SE), NHANES 111,1988-94 
____ 

Plain Carb. 
Water Milk Juice Drinks 

Age (years) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Sex 
Male 
Female 

White 
African American 
Mexican American 
Other 

Socioeconomic status 
Low 
Medium 
High 

Region 
Northeast 
Midwest 
South 
West 

Urban 
Rural 

Race/ethnicity 

Urban/rural 

Total 

19.8k1.1 
26.7k2.7 
29.0k1.2 
30.0k1.2 
29.1k1.5 
32.8k3.1 
33.2k1.8 
32.2k1.7 
37.5k1.9 
36.3k2.3 

30.7k1.1 
31.1f1.2 

29.2k1.4 
38.3i1.1 
31.4i0.9 
27.34.5 

33.2i1 .O 
30.9k1.3 
27.4k2.1 

27.9k1.8 
33.1 k2.1 
31.23.9 
32.0f2.1 

30.8k1.2 
31.2k1.3 
30.951 .O 

33.3f1.7 
26.2f1.4 
20.8k1.7 
19.250.8 
20.1k1.3 
18.4k1.8 
19.2k1.6 
20.6LZ.O 
17.2k1.6 
15.4k1.1 

21.9k1.0 
19.8M.7 

21.2k0.8 
14.7i0.7 
23.8i0.8 
24.4k1.5 

19.9M.7 
20.9k0.9 
21.9k1.5 

21.0k0.7 
17.8k1.5 
20.9k1.4 
22.4k1.2 

21 .OcO.7 
20.320.6 
20.9k0.6 

15.1k1.1 
16.9k1.1 
16.0k1.1 
16.2k1.1 
15.5k1.2 
13.1k2.0 
12.5k1.5 
11.133.5 
10.7k1.3 
12.8k1.8 

13.3fo.9 
14.6M.9 

14.0d.1 
15.6kl.O 
12.0i0.5 
13.5il .5 

13.0k0.4 
14.3kl .O 
15.0k1 .4 

15.8k1.7 
14.8k0.7 
15.5k1.6 
ll.OkO.8 

13.3k0.8 
16.4k1.7 
13.9k0.8 

1.83.3 
3.4fo.3 
5.9H.7 
6.6M.8 
7.6M.8 

10.452.3 
8.0f1.4 
9.421.0 
9.8k1.2 
9.9k1.4 

7.7M.5 
7.0k0.6 

8.7kO.6 
5.7k0.3 
6.6k0.3 
5.420.8 

6.4i0.5 
7.4k0.8 
9.0k1.3 

6.820.6 
8.2rt0.6 
7.0k0.4 
7.5*1.0 

7.650.5 
6.2k0.3 
7.4k0.4 

*For whom temperature data were available. 

individual's diet or nutritional intake 
due to day-to-day variation. In a 24- 
hour recall, reports of extreme values, 
nonreporting, and underreporting 
were more common (23). Neverthe- 
less, this method has been reported to 
provide a reliable estimate of dietary 
intake in a group, and thus a reliable 
comparison of group means (24,251. In 
the dietary recall at NHANES 111, 
proxy respondents were allowed for 
all children until age 6 years and for 
some up to age 11 years. For children 
aged 1 to 2 years, the caregivers might 
be well aware of their children's fluid 
consumption. However, this would be 

less likely when children can obtain 
drinks by themselves, and even less 
likely for schoolchildren. Therefore, 
some underreporting by proxy re- 
spondents was probable for older chil- 
dren. 

One important characteristic of 
NHANES I11 is that it was designed to 
avoid interviewing people in ex- 
tremely hot or cold weather condi- 
tions. Therefore, the survey generally 
was conducted in the South during the 
fall, winter, and spring and in the 
North during the spring, summer, and 
fall (17). This design did not allow us 
to directly compare fluid consumption 
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by season and geographical region. In- 
stead, we linked the temperature data 
from other sources to each identifiable 
survey location and time in NHANES 
111. Although it seemed more desirable 
to use an individual temperature point 
for each location rather than season 
and region, it introduced several risks 
of potential bias. In the process of data 
linking, we lost more than half the 
sample. Our analysis was based only 
on the samples from large counties 
with a population of more than half a 
million. A systematic difference might 
exist between children from a large 
county versus a small county in terms 
of the temperature-fluid consumption 
relationship, although there is no evi- 
dence to support that. Our limitation 
of the sample to chddren from large 
counties or metropolitan areas may re- 
duce the generalizability of the find- 
ings; however, it is these children who 
would be more likely to consume 
fluoridated water. 

The mean maximum temperature 
points in our analysis ranged from 
53.4"F to 89.3"F (Figures 2 and 3). Due 
to the biased design of NHANES 111, 
more extreme temperatures were not 
included and the majority was distrib- 
uted within the 65.O0F-85.O"F range. 
Therefore, the data in our analysis 
were more homogeneous than those 
in Galagan's study (7) and might have 
been biased toward null. However, we 
believe this range and distribution 
were sufficient to show differences in 
fluid intake if any existed. 

While Galagan et al. (7) used actual 
daily maximum temperature of the 
survey date, we used the average of 
daily maximum temperatures during 
1960-90 for the month for each county 
due to limited information availability 
in the NHANES I11 dataset. Using the 
30-year average, rather than specific 
daily or monthly value of mean daily 
maximum temperature, could have in- 
troduced misclassifica tion with the re- 
sulting regression parameter tending 
toward null. However, with the large 
sample size in this analysis, the statis- 
tical power was sufficient to reject the 
null hypothesis if a linear relationship 
did exist. 

Another difference between GaIa- 
gan's study and this one is the meas- 
urement of fluid intake. Galagan and 
colleagues measured water from 
drinking water, baby formula or re- 
constituted milk made with water, 
juices diluted with water, soups di- 

FIGURE 1 
Mean Water* Intake per Body Weight and Mean Daily Maximum Temperaturet 

in 1950s (Data from Ref. 7) 
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*Water includes drinking water and water-based beverages. 
tGalagan used actual daily mean temperature of the survey date. 

FIGURE 2 
Mean Plain Water* Intake per Body Weight and Mean Daily Maximum 

Temperaturet (NHANES 111,1988-94) 
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*Plain water includes tap water and spring water only. 
t30-year average (1960-90) of mean daily maximum temperature of the month in which the 
survey was conducted. 

luted with water, and other water- 
based beverages, while we used plain 
water intake (tap and spring water 
drinking only) and total fluid intake 
(sum of all fluid intake from diet). Be- 
cause of these differences, direct com- 
parisons of the actual amount of water 
intake are not appropriate. Neverthe- 

less, these differences in methodology 
should not preclude the comparisons 
of the temperature-fluid consumption 
relationship of these two studies. 

As shown by many studies (12,26), 
substantial interindividual variation 
in fluid consumption existed among 
children. Results of our analysis 
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showed significant associations be- 
tween fluid consumption and demo- 
graphic factors such as age, sex, SES, 
and race or ethnicity. However, in the 
multiple regression model for total 
fluid intake, only about 26 percent of 
the variation in the total fluid intake 
(per kilogram body weight) could be 
explained by these predictor variables 
as well as by the mean daily maximum 
temperature. For the plain water in- 
take (per kilogram body weight), only 
5 percent of the variation could be ex- 
plained by a multiple regression 
model with the same predictor vari- 
ables. This finding indicates that most 
of the variation in fluid consumption 
was due to other factors. Level of 
physical activity could be important, 
but unfortunately, no information on 
physical activity was collected for chil- 
dren of this age group in NHANES 111. 

The effects of race or ethrucity and 
SES on fluid consumption were par- 
ticularly noticeable. African American 
children consumed significantly more 
plain water and less milk than other 
racial or ethnic groups. White children 
showed the lowest total fluid intake as 
well as the lowest plain water intake. 
Children from the low SES group con- 
sumed more plain water and less milk 
than those from higher SES groups. 
These results might be due to differ- 
ences in reporting food consumption 
by racial or ethnic groups (27). How- 
ever, we cannot identify such potential 
biases in our analysis. 

Two studies have found that Afri- 
can Americans had a higher preva- 
lence of fluorosis than whites (28,29). 
However, these studies did not sug- 
gest a plausible scientific basis for 
those differences. Based on our results, 
it is possible that differences in fluid 
consumption might explain some of 
the differences between African 
Americans and whites in the occur- 
rence of dental fluorosis. 

When compared to the results from 
previous studies (7,12), the sources of 
fluid intake showed a clear trend of a 
decrease in plain water and milk con- 
sumption and an increase in carbon- 
ated drink consumption. We analyzed 
the consumption of carbonated 
drinks, because data from the Beverage 
World Web site (http://www.bever- 
ageworld.com) shows that each 
American consumed an average of 599 
cans of soft drinks during 1998. De- 
spite this enormous nationwide level 
of consumption, we did not find any 

FIGURE 3 
Mean Total Fluid Intake per Body Weight and Mean Daily Maximum 

Temperature* (NHANES 111,1988-94) 
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TABLE 4 
Multiple Regression Models of Fluid Intake per Body Weight among Children 

Aged 1-10 Years, NHANES 111,1988-94) (n=3,250) 

Variable 

Age 
Sex 

Male 
Female 

White 
African American 
Mexican American 
Other 

Socioeconomic status 
Low 
Medium 
High 

Race / ethnicit y 

Max. daily temp. 
R2 

Total Fluid Intake Plain Water Intake 
(ml/ kg/day) (ml/kg/day) 

0 SE (p) P-value p SE (p) P-value -- 
-6.66 0.35 <.01 -0.55 0.19 .01 

- 0 0 0 0 - 
4.56 1.86 .02 -2.61 1.45 .08 

_. 0 0 0 0 
4.28 2.82 .14 8.90 1.75 <.01 
3.45 2.04 . lo 1.35 1.59 .40 
3.09 3.18 .34 -2.18 2.13 .31 

- 

- 0 0 0 0 - 
-7.06 2.77 .01 4.52 1.93 .02 

-10.18 3.34 <.01 -7.65 2.33 <.01 
0.06 0.13 .66 0.03 0.07 .70 

0.26 0.05 

sigruficant change in the amount and 
proportion of carbonated drinks con- 
sumed in relation to mean tempera- 
ture. Because carbonated drinks com- 
prised only a small portion of fluid 
intake among young children, their in- 
fluence might be of minor importance 
in this age group. 

If there is no difference in fluid in- 
take among children relative to local 
climate, as our results suggest, then 
children in colder climates who drink 
water with higher fluoride concentra- 
tion than those in warmer climates 
may be ingesting more fluoride than 
children in warmer climates. How- 
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ever, because dental fluorosis was not 
measured in NHANES 111, this issue 
could not be directly studied in our 
analysis. While there have been sev- 
eral studies of fluoride intake based on 
detailed fluid intake among infants 
and young children (30,31), none of 
them have yet directly investigated 
fluorosis as an outcome. The 1986-87 
National Survey of Oral Health of US 
Schoolchildren by the NIDR (32) re- 
mains the only source for the national- 
level status of dental fluorosis. Al- 
though that survey showed higher 
community-level fluorosis scores in 
northern areas, that finding might be 
ascribed primarily to widespread 
water fluoridation in those areas, and 
not necessarily to higher fluoride con- 
centration (33). The relationship 
among fluid intake, fluoride concen- 
tration, and dental fluorosis cannot be 
explored fully unhl national data are 
collected for these variables within the 
same survey. 

In conclusion, we could find no evi- 
dence that fluid consumption among 
US children is significantly related to 
mean temperature in modern condi- 
tions. This suggests that the tempera- 
ture-related guidelines for fluoride 
concentration in drinking water, set by 
the US Public Health Service in 1962, 
may be due for reevaluation. 
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