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Abstract
Background
High intake of sugar-sweetened beverages in childhood is linked to increased risk of obesity and type II diabetes later in life. Using three nationally representative surveys of dietary intake, we investigated beverage patterns and trends among US school-aged children from 1989/91 to 2007/08.

Methods
3, 583 participants ages 6-11 y old were included. We reported per capita trends in beverage consumption, percent consuming, and amount per consumer for the following categories of beverages: sugar-sweetened beverages (SSB), caloric nutritional beverages (CNB) and low calorie beverages (LCB). Statistically significant differences were tested using the Student's t test in Stata 11.

Results
While per capita kcal contribution from total beverages remained constant over the study period, per capita consumption of SSBs increased and CNBs decreased in similar magnitude. The substantial increase in consumption of certain SSBs, such as fruit drinks and soda, high fat high sugar milk, and sports drinks, coupled with the decrease in consumption of high fat low sugar milk was responsible for this shift. The percent consuming SSBs as well as the amount per consumer increased significantly over time. Per capita intake of total milk declined, but the caloric contribution from high fat high sugar milk increased substantially. Among ethnicities, important differences in consumption trends of certain SSBs and 100% juice indicate the complexity in determining strategies for children's beverage calorie reduction.

Conclusions
As upward trends of SSB consumption parallel increases in childhood obesity, educational and policy interventions should be considered.
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Background
Extensive attention has focused on improving diet quality and reducing the total caloric intake of US children's diets as a way to both prevent further increases in obesity and to improve child health. Sugar-sweetened beverages have received particular attention among the pediatrics profession as have other caloric beverages such as 100% fruit juices and fruit drinks [1]. These and other foods with excessive amounts of added sugar and saturated fat represent a growing component of the diet of US children [2].
Many risks are associated with high intake of sugar-sweetened beverages in childhood. Previous studies have shown significant, positive associations between SSB consumption and weight gain among children [3, 4]. Other studies have provided evidence that children consuming these beverages may have increased risk for the developing type II diabetes, metabolic syndrome, and obesity later in life [5, 6]. These risks can be attributed to the body's low satiety response to liquid calories and a poor ability to compensate for these calories by reducing caloric intake in other areas, leading to potential weight gain over time [5, 6]. Beverages with high sugar content also increase the risk of developing dental caries, which is of high concern for this age group [7].
A number of studies have highlighted increased consumption of an array of unhealthy, high sugar beverages over the past two decades among American children, along with decreased intake of milk [4, 8, 9]. Several earlier studies have focused attention on 6-11 y olds [10–12]. Another suggested that fruit drinks are becoming just as important for 2 to 11 year olds, finding that soft drinks contributed to less than half of the total SSB consumption [8]. Different research from our team found increased consumption of high fat sugar-sweetened milks in some European nations where the schools have banned sugar-sweetened beverages [13, 14].
In the US and a large number of other countries, efforts have been made to reduce intake of all carbonated sugar-sweetened beverages and all fruit drinks. The American Academy of Pediatrics, recommends in its last policy statement that sugar-sweetened beverages and naturally sweet beverages, such as fruit juice, should be limited to 4 to 6 oz per day for children 1 to 6 years old, and to 8 to 12 oz per day for children 7 to 18 years old [15, 16]. In many situations, global beverage associations have attempted to replace these items with either 100% fruit juice or sugar-sweetened milk, usually whole or high fat milk. The American Beverage Association with the support of the Clinton Foundation and the American Heart Association proposed different guidelines in 2006 [17]. A major component of that agreement was to cap the number of calories in beverages in schools at 100 calories per container with milks and juices being excluded. This allowed the beverage companies to shift the beverage mix to sports drinks, juice and sugar-sweetened whole milk [18, 19]. This foundation later released a report that stated of the 2009-2010 school year, 98.8% of all measured schools were in compliance [20].
The present study highlights trends in SSB consumption in the period before and during the implementation of this new approach to SSB promotion. We present updated patterns and trends in beverage consumption among US school-aged children ages 6 to 11. Using three nationally representative surveys of food intake in the US, from 1989/91 to 2007/08, we report per capita trends in beverage consumption, percent consuming, and amount per consumer for the following categories of beverages: sugar-sweetened beverages (SSB), such as sodas and sports drinks, caloric nutritional beverages (CNB), such as 100% fruit juice, and low calorie beverages (LCB), such as diet drinks and skim milk. To further understand differential patterns and trends among the studied subjects, we studied the same trends across different ethnic categories.

Methods
Survey Design and Sample
Participants were 3, 583 children aged 6-11 y old who participated in three US nationally representative dietary recall surveys: 1, 525 participants from the 1989-1991 Continuing Survey of Food Intake by Individuals (CSFII 89) [21]; 977 participants from the 2005-2006 National Health and Nutrition Examination Survey (NHANES 05-06) [22]; and 1081 participants from the 2007-2008 National Health and Nutrition Examination Survey (NHANES 07-08) [23]. All three surveys were designed to be nationally representative and are based on a multistage and stratified area probability sample of non institutionalized U.S. households. More detailed information for each survey may be found elsewhere [21–23].
Comparing data across the three surveys must take into account changes in survey methodology and operations over time. Since its integration with USDA's CSFII in 2002, NHANES methodology (sampling design, food composition tables and dietary collection methods) has been based on that of earlier CSFII surveys [24].
This study was determined to be exempt from institutional review board concerns since it utilized publicly available USDA and NHANES data.

Dietary Records
In the CSFII89 survey, dietary intake was collected over three consecutive days using single interviewer-administered 24-hour dietary recall and two days of self-administered food record. The main meal planner/preparer was asked to report intake information for any children under the age of 12. Dietary intake for NHANES05-06 and NHANES 07-08 was based on 24-h dietary recall data from two nonconsecutive days (day one interviews were in-person interviews conducted at the Mobile Exam Center, while day two interviews were conducted by telephone from a central NHANES telephone center). For children under the age of 16, interviews were conducted with a proxy. To ensure comparability and consistency with the later surveys, the first two days of intake from the CSFII survey have been included in this study.

Beverages Grouping System and Category Definitions
The grouping system developed by our research group summarizes intakes of beverages in a nutritionally meaningful way. Our beverage grouping system starts with the major USDA beverages groupings and systematically disaggregates them into 21 independent categories of beverages. Cutoff points for sugar and fat were applied to separate the different categories of milk. Since the 2010 Dietary Guidelines for Americans promote intake of skim or low fat (1%) milk, we categorized milk beverages containing up to 1% fat as "low fat" whereas those containing more than 1% of fat were considered as "high fat" [25]. To determine a meaningful cut-off point for sugar content in milks, we calculated the average amount of intrinsic sugar in all plain milks and found that it was 6%. We considered beverages containing more than 6% of total sugar as "high sugar" and those lower than 6% as "low sugar" [26]. The beverages studied in this paper included coffee (unsweetened, diet and sweetened with sugar/milk), tea (unsweetened, diet and sweetened with sugar/milk), soft drinks (sugar and diet), fruit drinks (sugar and diet), sports drinks, 100% fruit/vegetable juice, milk and milk drinks, and other drinks (sugar and diet). Water was excluded due to data collection differences among the surveys.
Three categories of beverages were determined for study purposes. Sugar-sweetened beverages (SSBs) included high calorie beverages with little nutritional content, such as soft drinks and fruit drinks, high/low fat high sugar milk, sport drinks, sweetened tea/coffee and other sugar drinks. Caloric-nutritional beverages (CNBs) included caloric beverages with some nutritional benefits, such as high fat low sugar milk and 100% fruit/vegetable juice. Healthier beverages were those beverages low in calories and/or with nutritional benefits, such as low fat low sugar milk, unsweetened and diet tea/coffee, and diet drinks.

Statistical Analysis
Data are presented as means ± SE. STATA 11 was used to perform all the statistical analysis [27]. Survey commands (SVY: MEAN) were used to account for survey design and weighting. For each year surveyed, trends on beverages are reported as mean kcal per day per capita, mean kcal per day per consumer and percent of individuals consuming for 3 categories of beverages: sugar-sweetened beverages (SSB), caloric nutritional beverages (CNB) and low calorie beverages (LCB). Similar trends were studied for selected categories of SSB and CNB across three categories of self-reported race/ethnicity, Hispanic, non-Hispanic White and non-Hispanic Black, and income. To more accurately represent income level, household income is expressed as a percentage of the federal poverty thresholds: low income was defined as less than 130%, medium as greater than or equal to 130% and less than 300%, and high as greater than or equal to 300%. Poverty thresholds are provided by USDA surveys to reflect the eligibility cut-offs for School Feeding Program and Supplemental Nutrition Assistance Program (SNAP) [21–23]. Statistically significant differences were tested using the Student's t test in Stata 11. A two sided P value of 0.05 was set to denote statistical significance.


Results
Demographic characteristics
Table 1 summarizes the sociodemographic characteristics of included children aged 6 to 11 from the three survey periods (CSFII89, NHANES05-06, and NHANES 07-08).Table 1Demographic Characteristics1.


	 	CSFII
1989-1991
	NHANES
2005-2006
	NHANES
2007-2008

	Number of Observations
	1171
	977
	1081

	Gender (%)
	 	 	 
	   Male
	52
	50
	51

	   Female
	48
	50
	49

	Race/Ethnicity (%)
	 	 	 
	   Hispanic
	8
	16
	21

	   White
	70
	60
	58

	   Black
	16
	14
	15

	   Other
	6
	10
	6

	Income Level (%)
	 	 	 
	   Low
	25
	26
	32

	   Medium
	39
	30
	31

	   High
	36
	44
	37

	Maternal Education (%)
	 	 	 
	   < = High School
	54
	43
	48

	   > High School
	46
	57
	52



1 The studied sample included children aged 6-11 y old from 3 nationally representative surveys: CSFII 1989-1991, NHANES 2005-2006 and 2007-2008.

2Income level was based on percent poverty threshold level: Low income was defined as less than 130%, medium as greater than or equal to 130% and less than 300%, and high as greater than or equal to 300%





Recent trends for major beverage categories
Figure 1 shows trends in beverage consumption from the three major beverage categories: sugar-sweetened beverages (SSBs), caloric nutritional beverages (CNBs), and healthier beverages (Figure 1). From 1989-2008, per capita total caloric contribution from beverages remained constant, while the consumption of major types of beverages changed significantly. Important shifts in per capita trends of SSBs and CNBs occurred during the studied period. Total per capita calories from SSBs increased significantly from 1989 to 2008 (130 to 212 kcal/d, P < 0.05), while those from CNBs decreased in similar magnitude and significance over the same time period (210 to 133 Kcal/d, P < 0.05). Per capita caloric intake of healthier beverages did not change from 1989 to 2008. Short-term trends, from 2005-2008, did not show any significant change.[image: A12937_2011_Article_427_Fig1_HTML.jpg]
Figure 1
Recent trends (kcal per capita) in beverage categories in US children 6-11 y old, 1989-2008, nationally representative

                            1, 2
                          . 1 The studied sample included children aged 6-11 y old from 3 nationally representative surveys: CSFII 1989-1991, NHANES 2005-2006 and 2007-2008. 2 Differences were tested using Student's t test. Comparing with 1989: * P < 0.05, comparing with 2005: † P < 0.05.3 Beverage category definitions: Low calorie beverages (LCB), caloric nutritional beverages (CNB), sugar-sweetened beverages (SSB)





Several key beverage groups were responsible for the broad shifts in SSB and CNB consumption from 1989 to 2008. Table 2 shows the per capita, percent consuming, and amount per consumer trends for major beverage types of each category (Table 2). Within the SSBs, those that showed the largest increase in per capita trends were fruit drinks and soft drinks (90 to 118 kcal/d, P < 0.05), high fat high sugar milk (28 to 63 kcal/d, P < 0.05), and sports drinks (1 to 9 kcal/d, P < 0.05). In addition, beverage trends in mL/d gave insight into how beverage portion sizes are changing (Table 3).Table 2Per capita trends (kcal/d), amount per consumer, % consumers by beverage category in US children 6-11 y old (1989-2008), nationally representative1, 2.


	 	CSFII 1989-1991
	NHANES 2005-2006
	NHANES 2007-2008

	 	Per Capita Trends (kcal/day)
	% Cons.
	Amt. Per Cons. (kcal/day)
	Per Capita Trends
(kcal/day
	% Cons.
	Amt. Per Cons. (kcal/day)
	Per Capita Trends (kcal/day)
	% Cons.
	Amt. Per Cons. (kcal/day)

	
                              Sugar Sweetened Bev. (SSB)
                            
	
                              130
                            
	
                              ± 11
                            
	
                              79%
                            
	
                              166
                            
	
                              ± 11
                            
	
                              190*
                            
	
                              ± 9
                            
	
                              88%*
                            
	
                              214
                            
	
                              ± 8
                            
	
                              209*
                            
	
                              ± 8
                            
	
                              91%*
                            
	
                              231
                            
	
                              ± 9
                            

	   fruit drinks and soda
	90
	± 6
	67%
	134
	± 6
	114*
	± 6
	79%*
	144
	± 6
	118*
	± 6
	77%*
	153
	± 7

	   low fat high sugar milk
	1
	± 1
	2%
	88
	± 9
	15*
	± 2
	12%*
	116
	± 9
	5*†
	± 1
	6%*†
	88
	± 6

	   high fat high sugar milk
	28
	± 5
	19%
	147
	± 12
	44*
	± 4
	28%*
	160
	± 7
	63*†
	± 4
	39%*†
	163
	± 9

	   sports drinks
	1
	± 0
	2%
	64
	± 9
	9*
	± 1
	11%*
	84
	± 11
	9*
	± 1
	12%*
	76
	± 10

	   sweetened tea and coffee
	10
	± 2
	13%
	73
	± 8
	7
	± 1
	12%
	59
	± 6
	12 V
	± 2
	19%†
	63
	± 6

	   other sugar drinks
	0
	± 0
	1%
	24
	± 8
	1
	± 0
	1%
	84
	± 26
	2*
	± 1
	2%
	126
	± 32

	
                              Caloric Nutritional Bev. (CNB)
                            
	
                              210
                            
	
                              ± 4
                            
	
                              92%
                            
	
                              228
                            
	
                              ± 5
                            
	
                              140*
                            
	
                              ± 5
                            
	
                              83%*
                            
	
                              170
                            
	
                              ± 6
                            
	
                              134*
                            
	
                              ± 6
                            
	
                              81%*
                            
	
                              166
                            
	
                              ± 6
                            

	   high fat low sugar milk
	168
	± 4
	84%
	200
	± 7
	97*
	± 4
	67%*
	146
	± 5
	85*
	± 5
	64%*
	134
	± 6

	   100% juice (fruit + vegetable)
	42
	± 2
	46%
	91
	± 5
	43
	± 3
	49%
	88
	± 3
	48
	± 5
	50%
	97
	± 6

	
                              Low Calorie Bev. (LCB)
                            
	
                              30
                            
	
                              ± 2
                            
	
                              33%
                            
	
                              91
                            
	
                              ± 8
                            
	
                              30
                            
	
                              ± 5
                            
	
                              42%*
                            
	
                              72
                            
	
                              ± 9
                            
	
                              27
                            
	
                              ± 3
                            
	
                              40%
                            
	
                              66
                            
	
                              ± 5
                            

	   low fat low sugar milk
	21
	± 1
	15%
	142
	± 14
	24
	± 4
	23%*
	104
	± 10
	17
	± 2
	19%
	90
	± 7

	   unsweetened tea and coffee
	0
	± 0
	5%
	2
	± 0
	0
	± 0
	2%*
	3
	± 1
	0
	± 0
	3%
	2
	± 0

	   total diet drinks
	9
	± 2
	17%
	54
	± 6
	6
	± 1
	24%
	25
	± 3
	10†
	± 2
	26%*
	38
	± 4

	diet drinks
	0
	± 0
	5%
	3
	± 1
	1*
	± 0
	15%*
	6
	± 1
	1*
	± 0
	13%*
	9
	± 1

	diet tea and coffee
	9
	± 2
	12%
	73
	± 10
	5
	± 1
	10%
	52
	± 7
	9†
	± 1
	15%†
	58
	± 7



1 The studied sample included children aged 6-11 y old from 3 nationally representative surveys: CSFII 1989-1991, NHANES 2005-2006 and 2007-2008.

2 Differences were tested using Student's t test. Comparing with 1989: * P < 0.05, comparing with 2005: † P < 0.05.



Table 3Per capita trends (mL/day), Amount per consumer (mL/day), % Consumers. Children aged 6-11 y old. US Nationally Representative, 1989-20081.


	 	CSFII 1989-1991
	NHANES 2005-2006
	NHANES 2007-2008

	 	Per Capita Trends (mL/day)
	% Cons.
	Amt. Per Cons. (mL/day)
	Per Capita Trends (mL/day)
	% Cons.
	Amt. Per Cons. (mL/day)
	Per Capita Trends (mL/day)
	% Cons.
	Amt. Per Consumer (mL/day)

	
                              Sugar Sweetened Bev. (SSB)
                            
	
                              304
                            
	
                              ± 22
                            
	
                              80%
                            
	
                              381
                            
	
                              ± 18
                            
	
                              418*
                            
	
                              ± 21
                            
	
                              88%*
                            
	
                              473
                            
	
                              ± 19
                            
	
                              468*
                            
	
                              ± 21
                            
	
                              91%*
                            
	
                              517
                            
	
                              ± 23
                            

	fruit drinks and soda
	226
	± 13
	69%
	330
	± 12
	279*
	± 16
	79%*
	351
	± 17
	292*
	± 16
	77%*
	377
	± 17

	low fat high sugar milk
	3
	± 1
	2%
	164
	± 17
	24*
	± 4
	12%*
	193
	± 14
	8*†
	± 1
	6%*†
	151
	± 10

	high fat high sugar milk
	35
	± 7
	19%
	183
	± 17
	53*
	± 6
	28%*
	193
	± 8
	78*†
	± 6
	39%*†
	203
	± 12

	sports drinks
	5
	± 0
	2%
	255
	± 36
	34*
	± 5
	11%*
	317
	± 40
	36*
	± 4
	12%*
	289
	± 37

	sweetened tea and coffee
	33
	± 6
	13%
	247
	± 16
	27
	± 4
	12%
	224
	± 23
	49†
	± 7
	19%†
	264
	± 24

	other sugar drinks
	1
	± 1
	1%
	172
	± 79
	1
	± 1
	1%
	116
	± 34
	4
	± 1
	2%
	241
	± 38

	
                              Caloric Nutritional Bev. (CNB)
                            
	
                              389
                            
	
                              ± 9
                            
	
                              92%
                            
	
                              423
                            
	
                              ± 10
                            
	
                              273*
                            
	
                              ± 10
                            
	
                              83%*
                            
	
                              331
                            
	
                              ± 11
                            
	
                              260*
                            
	
                              ± 12
                            
	
                              81%*
                            
	
                              322
                            
	
                              ± 12
                            

	high fat low sugar milk
	299
	± 10
	84%
	357
	± 13
	182*
	± 8
	67%*
	273
	± 9
	160*
	± 10
	64%*
	251
	± 10

	100% juice (fruit + vegetable)
	90
	± 5
	46%
	194
	± 12
	91
	± 6
	49%
	186
	± 6
	100
	± 10
	50%
	202
	± 13

	
                              Low Calorie Bev. (LCB)
                            
	
                              102
                            
	
                              ± 7
                            
	
                              33%
                            
	
                              306
                            
	
                              ± 21
                            
	
                              126
                            
	
                              ± 18
                            
	
                              44%*
                            
	
                              286
                            
	
                              ± 29
                            
	
                              125
                            
	
                              ± 10
                            
	
                              43%*
                            
	
                              290
                            
	
                              ± 14
                            

	low fat low sugar milk
	53
	± 2
	15%
	358
	± 34
	62
	± 11
	23%*
	265
	± 25
	43
	± 6
	19%
	229
	± 20

	unsweetened tea and coffee
	9
	± 2
	5%
	157
	± 17
	3*
	± 1
	2%*
	192
	± 64
	5
	± 1
	3%
	154
	± 34

	total diet drinks
	41
	± 7
	17%
	235
	± 14
	61
	± 9
	26%*
	233
	± 24
	78*
	± 7
	29%*
	267
	± 16

	diet drinks
	10
	± 2
	5%
	197
	± 3
	38*
	± 7
	17%*
	225
	± 25
	36*
	± 4
	16%*
	219
	± 18

	diet tea and coffee
	31
	± 6
	12%
	247
	± 22
	22
	± 4
	10%
	228
	± 28
	42†
	± 6
	15%†
	277
	± 28



1 The studied sample included children aged 6-11 y old from 3 nationally representative surveys: CSFII 1989-1991, NHANES 2005-2006 and 2007-2008.

2 Differences were tested using Student's t test. Comparing with 1989: * P < 0.05, comparing with 2005: † P < 0.05.




From 2005-2008, per capita caloric consumption of high fat high sugar milk notably increased (from 44 to 63 kcal/d, P < 0.05). Total per capita calories from high fat low sugar milk contributed to the decrease in CNB per capita trends (from 168 to 86 kcal/d, P < 0.05).
Three major beverage groups of SSBs showed high per capita increases and also significant increases in the percent consuming from 1989 to 2008. In terms of percent consuming, fruit drinks and soft drinks increased from 67% to 77%; high fat high sugar milk increased from 19% to 39% (P < 0.05), and sports drinks increased from 2% to 12% (P < 0.05) (Figure 2). Parallel increases in kcal/d per consumer occurred as well. Significant short-term trends, from 2005 to 2008, included a significant increase in high fat high sugar milk (28% to 39%, P < 0.05).[image: A12937_2011_Article_427_Fig2_HTML.jpg]
Figure 2
a) Percent consuming and b) Amount per consumer (kcal/d) from beverage categories in US children 6-11 y old (1989-2008), nationally representative

                            1, 2
                          . 1 The studied sample included children aged 6-11 y old from 3 nationally representative surveys: CSFII 1989-1991, NHANES 2005-2006 and 2007-2008. 2 Differences were tested using Student's t test. Comparing with 1989: * P < 0.05, comparing with 2005: † P < 0.05.






Trends in milk consumption
Trends in milk consumption shifted from 1989 to 2005-2008 (Figure 3). Total per capita intake of milk decreased over this time period, from 218 to 170 kcal/d, P < 0.05. The four milk categories vary in saturated fat and sugar content. Caloric milks are those high in saturated fat and added sugar, and include high fat high sugar, high fat low sugar, and low fat high sugar milks. Consumption of high fat low sugar milk by this age group declined significantly (168 to 86 kcal/d, P < 0.05), though high fat high sugar milk intake increased substantially over the same time period (28 to 63 kcal/d, P < 0.05).[image: A12937_2011_Article_427_Fig3_HTML.jpg]
Figure 3
Total kcal per capita from milk groups in US children 6-11 y old 1989-2008, nationally representative

                            1, 2
                          . 1 The studied sample included children aged 6-11 y old from 3 nationally representative surveys: CSFII 1989-1991, NHANES 2005-2006 and 2007-2008. 2 Differences were tested using Student's t test. Comparing with 1989: * P < 0.05, comparing with 2005: † P < 0.05.






Trends in low calorie beverage consumption
Per capita calories from low calorie beverages remained significantly consistent from 1989 to 2008 among children aged 6-11 (Figure 4). Beverages in this category include low fat low sugar milk, unsweetened tea and coffee, and diet tea, coffee, and soft drinks. Over this time period, the decrease in mL/d of low fat low sugar milk was not significant, however, a significant increase in mL/d for all diet drinks occurred (diet drinks increased from 10 to 36 mL/d from 1989-2008, P < 0.05 value, and diet tea and coffee from 31 to 42 mL/d from 2005-2008, P < 0.05) (Table 3).[image: A12937_2011_Article_427_Fig4_HTML.jpg]
Figure 4
Total mL per capita from healthier beverages in US children 6-11 y old, 1989-2008, nationally representative

                            1, 2
                          . 1 The studied sample included children aged 6-11 y old from 3 nationally representative surveys: CSFII 1989-1991, NHANES 2005-2006 and 2007-2008. 2 Differences were tested using Student's t test. Comparing with 1989: * P < 0.05, comparing with 2005: † P < 0.05.






Differential trends in SSB and juice consumption among ethnic groups
Noteworthy differences in trends among ethnicities were found (Table 4). Per capita consumption of fruit drinks and soft drinks increased most significantly among non-Hispanic Blacks (79 to 134 kcal/d, P < 0.05), followed by Hispanics (71 to 111 kcal/d, P < 0.05) and non-Hispanic Whites (92 to 121 kcal/d, P < 0.05). Non-Hispanic Whites had increased per capita intake of high fat high sugar milk (28 to 63 kcal/d, P < 0.05), followed by Hispanics (39 to 75 kcal/d, P < 0.05). Non-Hispanic Blacks were the only group to show a significant per capita increase for 100% fruit juice (31 to 62 kcal/d, P < 0.05).Table 4Per capita trends (Kcal/day), % Consumers, Amount per consumer (Kcal/day). Children aged 6-11 y old by Ethnicity. US Nationally Representative, 1989-20081, 2.


	 	CSFII 1989-1991
	NHANES 2005-2006
	NHANES 2007-2008

	 	Per Capita Trends
(kcal/day)
	% Cons.
	Amt. Per Consumer
(kcal/day)
	Per Capita Trends
(kcal/day)
	% Cons.
	Amt. Per Consumer
(kcal/day)
	Per Capita Trends
(kcal/day)
	% Cons.
	Amt. Per Consumer
(kcal/day)

	
                              Hispanic
                            
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	   fruit drinks & soda
	71
	± 15
	64%
	110
	± 19
	119*
	± 6
	88%
	134
	± 5
	111*
	± 9
	77%
	144
	± 9

	   high fat high sugar milk
	39
	± 16
	20%
	199
	± 46
	60
	± 9
	38%*
	159
	± 12
	75*
	± 7
	47%*
	160
	± 6

	   100% juice (fruit + vegetable)
	69
	± 17
	60%
	116
	± 11
	52
	± 5
	59%
	89
	± 5
	61
	± 4
	62%
	99
	± 7

	
                              Non-Hispanic White
                            
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	   fruit drinks & soda
	92
	± 7
	66%
	140
	± 10
	110
	± 10
	74%
	148
	± 10
	121*
	± 11
	77%
	156
	± 12

	   high fat high sugar milk
	28
	± 6
	19%
	152
	± 12
	39
	± 7
	24%
	162
	± 12
	63*†
	± 8
	38%*†
	166
	± 14

	   100% juice (fruit + vegetable)
	41
	± 2
	45%
	90
	± 4
	37
	± 3
	43%
	85
	± 4
	41
	± 7
	44%
	94
	± 11

	
                              Non-Hispanic Black
                            
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	   fruit drinks & soda
	79
	± 10
	68%
	117
	± 9
	131*
	± 6
	87%
	151
	± 7
	134*
	± 7
	84%
	161
	± 6

	   high fat high sugar milk
	21
	± 7
	19%
	111
	± 9
	51
	± 8
	32%
	156
	± 15
	49
	± 5
	32%
	153
	± 6

	   100% juice (fruit + vegetable)
	31
	± 5
	39%
	79
	± 10
	64*
	± 6
	64%*
	99
	± 6
	62*
	± 5
	59%*
	105
	± 5



1 The studied sample included children aged 6-11 y old from 3 nationally representative surveys: CSFII 1989-1991, NHANES 2005-2006 and 2007-2008.

2 Differences were tested using Student's t test. Comparing with 1989: * P < 0.05, comparing with 2005: † P < 0.05.






Discussion
Our results offer new insight into broad trends as well as individual beverage trends. With a steady per capita kcal contribution from total beverages over the study period, per capita consumption of SSBs increased while that of CNBs decreased. The substantial increases in the consumption of certain SSBs, such as fruit drinks and soda, high fat high sugar milk, and sports drinks, coupled with the decreases in consumption of high fat low sugar milk were driving forces for this shift. Increases in the percent consuming SSBs, as well as in the amount per consumer are reason for concern, as the childhood obesity prevalence parallels these trends. Increased caloric contribution from high fat high sugar milk signifies that sweetened milk is one of the major SSBs currently marketed towards this age group. Important differences in consumption trends of certain SSBs and 100% juice among ethnicities suggest that determining strategies to reduce caloric beverage intake for school-aged children is complex.
Many of our findings were consistent with those of previous studies. Despite recent efforts to reduce SSBs in schools, SSB per capita trends continued to increase for 6-11 y olds [4, 8]. One previous study (1977-1998) found increased consumption of both regular and diet soda as well [9, 12].
Most noteworthy is the increased consumption of high fat high sugar milk. Our definition of "high fat" followed the current 2010 Dietary Guidelines for Americans that promote intake of skim or low fat (1%) milk and also the cut-off point being used by the USDA to determine whether milk is low fat or not for school milk programs. This increasing pattern was also showed across many nations in Europe during this same 2007-8 period [13]. Duffey et al. report for adolescents across nine European countries high consumption of high fat high sugar milk [13]. This suggests that a worldwide promotion of the beverage companies to shift children and adolescents toward high sugar and high fat milk may be a key element of their marketing strategy.
Consistent with other studies, our results indicated a decline in total milk consumption, which is a cause for concern for this age group [10, 12, 28]. SSBs other than sweetened milk and diet drinks that showed significantly large increases in per capita trends over the study period are likely displacing milk. A previous study found evidence for milk being displaced by diet soda [10]. Along with two other studies, it also showed evidence supporting the displacement of milk by SSBs [11].
A study from 2008 reported increased per capita consumption of 100% fruit juice for 6-11 y olds from 1988-1994 to 1999-2004 (34 to 41 kcal/d, P < 0.05) [8]. Our results indicated no significant increase in crude per capita consumption trends of 100% juice, however, non-Hispanic blacks showed a significant increase.
Limitations
Inherent limitations exist in using surveys that differ in methodology, in this case, the USDA CSFII89 survey and the NHANES continuous surveys. No bridging studies have been carried out to determine whether methodological changes have caused systematic changes in reporting [29, 30]. The food and beverage grouping system used by our research group was designed to provide consistency in nutrient value estimates over time [2].
Dietary intake recall surveys are subject to recall bias and underreporting. In addition, our data is predominantly based on recall by a proxy, such as a parent or other caregiver. Two days of dietary intake information may not reflect usual dietary intake. Underreporting has been shown to increase with age for children, and is commonly associated with the reporting of unhealthy foods [31, 32]. Additionally, differences in gender and ethnicity contribute to differential underreporting [32].
In this study, differential trends for demographic categories including maternal education level, income level, and ethnicity were not reported. These were under-powered due to the sample size not being large enough.

Implications and Policy Considerations
Our findings suggest that SSBs in addition to fruit drinks and soda, such as sweetened high fat milk and sports drinks, should be targeted in the effort to reduce caloric intake from beverages for 6-11 y olds. It is unclear whether increased consumption of diet drinks, which are considered healthier alternatives, are safe for this age group. Most of these beverages contain caffeine, which may adversely affect the development of the nervous system at high doses [33].
These results indicate that further interventions to reduce SSB consumption within this age group should be considered. Recent efforts have been made to limit SSB consumption at schools, including the efforts made by the American Beverage Association with the support of the Clinton Foundation and the American Heart Association. We showed important trends in caloric beverage consumption in the period before and during the implementation of this initiative. However, another recent study found that for US children ages 2 to 18, the majority of SSBs were consumed in the home (55% to 70% depending on age), compared to a small percentage consumed at school (1% to 5%) [8]. The taxing of SSBs has been proposed to reduce overall intake of SSBs and influence healthier beverage purchases, which would influence children's consumption of these beverages at home [34].


Conclusion
Our findings of increased caloric contribution from SSBs, especially high fat high sugar milk, soft drinks and sports drinks, are a cause for concern as they mirror the current trends of childhood obesity. A decline in total milk consumption adds to the nutritional implications for this age group. Current trends suggest the need for policy initiatives targeting children's consumption of other SSBs in addition to fruit drinks and soda.

Acknowledgements
We thank Phil Bardsley for programming help, and Frances Dancy for administrative support. We thank our source of financial support: the Dunlevie Honors Undergraduate Research Award and the Robert Wood Johnson Foundation (Grant 67506).

References
1.
Committee on Nutrition: The Use and Misuse of Fruit Juice in Pediatrics. Pediatrics. 2001, 107 (5): 1210-1213.CrossRef

2.
Slining MM, Popkin , Barry M: Empty calories in the United States: definition and measurement. University of North Carolina at Chapel Hill. 2011, Chapel Hill, NC

3.
Malik VS, Schulze MB, Hu FB: Intake of sugar-sweetened beverages and weight gain: a systematic review. Am J Clin Nutr. 2006, 84 (2): 274-288.PubMedPubMedCentral

4.
Ludwig DS, Peterson KE, Gortmaker SL: Relation between consumption of sugar-sweetened drinks and childhood obesity: a prospective, observational analysis. Lancet. 2001, 357 (9255): 505-508. 10.1016/S0140-6736(00)04041-1.CrossRefPubMed

5.
Malik VS, Popkin BM, Bray GA, Despres JP, Willett WC, Hu FB: Sugar-sweetened beverages and risk of metabolic syndrome and type 2 diabetes: a meta-analysis. Diabetes Care. 2010, 33 (11): 2477-2483. 10.2337/dc10-1079.CrossRefPubMedPubMedCentral

6.
Malik VS, Popkin BM, Bray GA, Despres JP, Hu FB: Sugar-sweetened beverages, obesity, type 2 diabetes mellitus, and cardiovascular disease risk. Circulation. 2010, 121 (11): 1356-1364. 10.1161/CIRCULATIONAHA.109.876185.CrossRefPubMedPubMedCentral

7.
Palacios C, Joshipura K, Willett W: Nutrition and health: guidelines for dental practitioners. Oral Dis. 2009, 15 (6): 369-381. 10.1111/j.1601-0825.2009.01571.x.CrossRefPubMed

8.
Wang YC, Bleich SN, Gortmaker SL: Increasing caloric contribution from sugar-sweetened beverages and 100% fruit juices among US children and adolescents, 1988-2004. Pediatrics. 2008, 121 (6): e1604-1614. 10.1542/peds.2007-2834.CrossRefPubMed

9.
French SA, Lin BH, Guthrie JF: National trends in soft drink consumption among children and adolescents age 6 to 17 years: prevalence, amounts, and sources, 1977/1978 to 1994/1998. Journal of the American Dietetic Association. 2003, 103 (10): 1326-1331. 10.1016/S0002-8223(03)01076-9.CrossRefPubMed

10.
Blum JW, Jacobsen DJ, Donnelly JE: Beverage consumption patterns in elementary school aged children across a two-year period. Journal of the American College of Nutrition. 2005, 24 (2): 93-98.CrossRefPubMed

11.
LaRowe TL, Moeller SM, Adams AK: Beverage patterns, diet quality, and body mass index of US preschool and school-aged children. Journal of the American Dietetic Association. 2007, 107 (7): 1124-1133. 10.1016/j.jada.2007.04.013.CrossRefPubMed

12.
Forshee RA, Anderson PA, Storey ML: Changes in calcium intake and association with beverage consumption and demographics: comparing data from CSFII 1994-1996, 1998 and NHANES 1999-2002. Journal of the American College of Nutrition. 2006, 25 (2): 108-116.CrossRefPubMed

13.
Duffey K, Huybrecht I, Mouratidou T, Kersting M, DeVriendt T, Gottrand F, Widhalm K, Dallongeville J, Hallström L, González-Gross MM, DeHenauw S, Moreno L, Popkin BM: Beverage consumption among European adolescents in the HELENA Study. European Jounal of Clinical Nutrition.

14.
Ng SW, Mhurchu , Cliona Ni, Jebb , Susan A, Popkin BM: Patterns And Trends Of Beverage Consumption Among Children And Adults In Great Britain, 1986-2009. 2011

15.
Gidding SS, Dennison BA, Birch LL, Daniels SR, Gillman MW, Lichtenstein AH, Rattay KT, Steinberger J, Stettler N, Van Horn L, et al: Dietary recommendations for children and adolescents: a guide for practitioners. Pediatrics. 2006, 117 (2): 544-559.CrossRefPubMed

16.
Gidding SS, Dennison BA, Birch LL, Daniels SR, Gillman MW, Lichtenstein AH, Rattay KT, Steinberger J, Stettler N, Van Horn L, et al: Dietary recommendations for children and adolescents: a guide for practitioners: consensus statement from the American Heart Association. Circulation. 2005, 112 (13): 2061-2075. 10.1161/CIRCULATIONAHA.105.169251.CrossRefPubMed

17.
Foundation WJC: "Alliance for a Healthier Generation - Clinton Foundation, American Heart Association and industry leaders set healthy school beverage guidelines for U.S. schools". 2006

18.
Johnston LD, Delva J, O'Malley PM: Soft Drink Availability, Contracts, and Revenues in American Secondary Schools. American Journal of Preventive Medicine. 2007, 33 (4, Supplement 1): S209-S225. 10.1016/j.amepre.2007.07.006.CrossRefPubMed

19.
Alliance for a Healthier Generation - Clinton Foundation and American Heart Association - and industry leaders set healthy school beverage guidelines for U.S. schools.

20.
Alliance for a Healthier Partnership: Alliance School Beverage Guidelines Final Progress Report. 2010, Alliance for a Healthier Generation, 7-

21.
Continuing Survey of Food Intakes by Individuals 1989-91 and Diet and Health Knowledge Survey 1989-91: Documentation (csfii8991_documentation.pdf). Retrieved 05/06/2009 from USDA Agricultural Research Service, Food Surveys Research Group website. [http://​www.​ars.​usda.​gov/​Services/​docs.​htm?​docid=​14541]

22.
U.S. Department of Agriculture ARS, Beltsville Human Nutrition Research Center, Food Surveys Research Group (Beltsville, MD), U.S. Department of Health and Human Services CfDCaP, National Center for Health Statistics (Hyattsville, MD): What We Eat in America, NHANES 2005-2006. 2005, [http://​www.​cdc.​gov/​nchs/​about/​major/​nhanes/​nhanes2005-2006/​dr1tot_​c.​xpt]

23.
What We Eat in America, NHANES 2007-2008. [accessed 02/19/11], [http://​www.​cdc.​gov/​nchs/​nhanes/​nhanes2007-2008/​generaldoc_​e.​htm]

24.
Perloff BP, Rizek RL, Haytowitz DB, Reid PR: Dietary intake methodology. II. USDA's Nutrient Data Base for Nationwide Dietary Intake Surveys. J Nutr. 1990, 120 (Suppl 11): 1530-1534.PubMed

25.
DGAC: Report of the Dietary Guidelines Advisory Committee on the Dietary Guidelines for Americans. 2010

26.
Slining MM, Popkin , Barry M: Junk food in the United States: Empty calories in the United States: definition and measurement. Journal of the American Dietetic Association.

27.
STATA V: Stata Corp., College Station, TX.

28.
Piernas C, Popkin BM: Trends in snacking among U.S. children. Health Aff (Millwood). 29 (3): 398-404.

29.
Popkin BM: Patterns of beverage use across the lifecycle. Physiol Behav. 2010, 100 (1): 4-9. 10.1016/j.physbeh.2009.12.022.CrossRefPubMedPubMedCentral

30.
Duffey KJ, Popkin BM: Shifts in patterns and consumption of beverages between 1965 and 2002. Obesity (Silver Spring). 2007, 15 (11): 2739-2747. 10.1038/oby.2007.326.CrossRef

31.
Heitmann BL, Lissner L, Osler M: Do we eat less fat, or just report so?. Int J Obes Relat Metab Disord. 2000, 24 (4): 435-442. 10.1038/sj.ijo.0801176.CrossRefPubMed

32.
Champagne CM, Baker NB, DeLany JP, Harsha DW, Bray GA: Assessment of energy intake underreporting by doubly labeled water and observations on reported nutrient intakes in children. J Am Diet Assoc. 1998, 98 (4): 426-433. 10.1016/S0002-8223(98)00097-2.CrossRefPubMed

33.
Popkin BM, Armstrong LE, Bray GM, Caballero B, Frei B, Willett WC: A new proposed guidance system for beverage consumption in the United States. American Journal of Clinical Nutrition. 2006, 83 (3): 529-542.PubMed

34.
Brownell KD, Farley T, Willett WC, Popkin BM, Chaloupka FJ, Thompson JW, Ludwig DS: The public health and economic benefits of taxing sugar-sweetened beverages. N Engl J Med. 2009, 361 (16): 1599-1605. 10.1056/NEJMhpr0905723.CrossRefPubMedPubMedCentral



Competing interests
The authors declare that they have no competing interests.

Authors' contributions
GL, CP and BMP had full access to all study data and take full responsibility for the integrity of the data and accuracy of the analysis. All authors read and approved the final manuscript.
BMP conceptualized and designed the study, critically revised the manuscript for important intellectual content, obtained funding, and supervised the study. GL, CP and BMP analyzed and interpreted the study. GL, CP and BMP drafted the manuscript and provided statistical expertise, administrative, technical, and material support.


OEBPS/sidebar.gif





OEBPS/A12937_2011_Article_427_Fig4_HTML.jpg
ML PER CAPITA

140

120

100

80

60

40

20

B diet tea and coffee m  diet drinks

unsweetened tea and coffee B low fat low sugar milk

9
]

1989-1991 2005-2006 2007-2008





OEBPS/A12937_2011_Article_427_Fig3_HTML.jpg
KCAL PER CAPITA

250

200

150

100

B low fat low sugar milk

= high fat high sugar milk

218

1989-1991

180*

15*
2005-2006

B high fat low sugar milk

B low fat high sugar milk

170*

2007-2008





OEBPS/A12937_2011_Article_427_Fig1_HTML.jpg
KCAL PER CAPITA

400

350

300

250

200

150

100

50

® kcal/day from LCB

1989-1991

m kcal/day from CNB

2005-2006

m kcal/day from SSB

2007-2008





OEBPS/contact.gif





OEBPS/A12937_2011_Article_427_Fig2_HTML.jpg
b)

a)

8002-L00C

[

Sports Drinks

9002-500T

:

1661-686T

163

8002-L00T

160

9002-500C

153

144 —

147

1661-686T

800Z-L00T

9002-5002

[ 1661-6861

180
160

Jawnsuo) Jad Aea/|eay

8002-L00T

9002-5002

*
11% 12%

2%

1661-686T

*t
39%

8002-L00T

9002-5002

*
28%

1661-686T

19%

8002-L00T

79% 77%

9002-5002

1661-686T

67%

100%

X
1=}
<

80%
60%
20%

0%

8ulwnsuo) Juadiad

High Fat
High Sugar

Fruit Drinks

High Fat Sports Drinks

High Sugar

Fruit Drinks

& Soda

& Soda

Milk

Milk





