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BSTRACT
bjective To determine how sodium, chloride, and potas-
ium intakes of today’s infants and toddlers compare with
he Dietary Reference Intakes (DRIs) of these nutrients
stablished recently by the Food and Nutrition Board of
he Institute of Medicine.
tudy design Population estimates of usual intake distri-
utions of sodium, chloride (assumed to be equamolar to
odium), and potassium of 4- to 5-, 6- to 11-, and 12- to
4-month-old infants and toddlers were calculated and
ompared with DRIs of these nutrients by 0- to 6-month-
ld, 7- to 12-month-old, and 1- to 3-year-old children.
ubjects Infants and toddlers (n�3,022) who participated
n the 2002 Feeding Infants and Toddlers Study.
tatistical analyses Means and distributions (percentiles) of
he usual intakes of sodium, chloride, and potassium
ere calculated using Institute of Medicine-recom-
ended procedures and compared with the DRIs (ie, Ad-

quate Intake [AI] and tolerable upper intake level [UL]).
esults Mean sodium and chloride intakes of 4- to
-month-old infants (188 mg/day and 290 mg/day, respec-
ively) were 57% greater than the AIs (120 mg/day and
80 mg/day) and mean potassium intake (730 mg/day)
as 83% higher than the AI (400 mg/day). Mean sodium,
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hloride, and potassium intakes of 6- to 11-month-old
nfants were 493 mg/day, 761 mg/day, and 1,225 mg/day,
espectively—33%, 33%, and 75% higher than the AIs of
hese nutrients for this age group (sodium, 370 mg/day;
hloride, 570 mg/day; potassium, 700 mg/day). Even the
0th percentile of potassium intake of this age group was
reater than the AI. The usual mean sodium and chloride
ntakes of 12- to 24-month-old toddlers (1,638 mg/day and
,528 mg/day, respectively) were 64% higher than the AIs
1,000 mg/day and 1,540 mg/day, respectively) and the
sual mean sodium and chloride intakes of 58% of this
ge group were above the ULs. In contrast, mean potas-
ium intake of 12- to 24-month-old toddlers (1,971 mg/
ay) was only 66% of the AI (3,000 mg/day). At all ages,
ources of sodium, chloride, and potassium intakes re-
ected current feeding guidelines, primarily human milk
nd formula prior to 6 months of age and primarily cow’s
ilk and table foods after 1 year of age.

onclusions Mean sodium and chloride intakes of infants
nd toddlers who participated in the 2002 Feeding In-
ants and Toddlers Study exceeded the recently estab-
ished AIs of these nutrients and the mean intake of 58%
f toddlers exceeded the ULs. Mean potassium intake of
nfants also exceeded the AI of potassium, but the mean
otassium intake of toddlers was only 66% of the AI.
hether current intakes of sodium, chloride, and potas-

ium by infants and toddlers are problematical is not
lear. Nonetheless, it seems desirable to bring these in-
akes closer to AIs. This can be accomplished by continu-
ng breast- or formula-feeding and delaying the introduc-
ion of cow’s milk; limiting the amount of salt added to
ome-prepared foods; limiting the intake of high-sodium
oods, such as processed meats and salty snacks; and
ncreasing the intake of fruits (high potassium and low
odium content) and vegetables (moderate potassium and
odium content).
Am Diet Assoc. 2006;106:S43-S51.

recent study of the dietary intakes of more than
3,000 children from 4 to 24 months of age (the Feed-
ing Infants and Toddlers Study [FITS]) provides

onsiderable information concerning the current nutrient
ntakes of US infants and young children (1). These nu-

rient intakes, in turn, can be compared to the Dietary
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eference Intakes (DRIs) for nutrients established by the
ood and Nutrition Board of the Institute of Medicine

2-7). This comparison was done for most nutrients and
howed that the usual mean nutrient intakes of infants
ess than 12 months of age exceeded the Adequate In-
akes (AIs) of all nutrients (8). For most nutrients, usual
ntakes of 12- to 24-month-old toddlers also were ade-
uate. A possible exception concerns intakes of sodium,
hloride, and potassium, the DRIs of which were not
vailable until after publication of the initial FITS find-
ngs (1,8).

Lack of information concerning the extent to which the
urrent electrolyte intakes of infants and toddlers are less
han or greater than the DRIs for these nutrients is
nfortunate. In part, this is because the current sodium

ntake of adults is higher than the previous safe and
dequate intake and the current potassium intake is less.
oreover, a survey of nutrient intakes during the first

ear of life conducted about 20 years ago (9) indicated
hat sodium intake increased from about 200 mg/day
etween 2 and 5 months of age (safe and adequate intake
or this age group�115 to 350 mg/day) to �1,000 mg/day
t 12 months of age (safe and adequate intake for this age
roup�200 to 750 mg/day).
The objective of the study reported here was to compare

urrent intakes of sodium, chloride, and potassium by 4-
o 24-month-old children to the DRIs of these nutrients
nd also to compare current intakes of sodium and chlo-
ide to the intakes of these nutrients reported approxi-
ately 2 decades ago (9). In addition, the dietary sources

f these nutrients, particularly those that exceed the tol-
rable upper intake level (UL), are identified in order to
rovide guidance to medical and nutritional professionals
s well as parents or other caregivers concerning dietary
hanges that will bring electrolyte intakes of infants and
oddlers closer to the DRIs.

ETHODS
odium, chloride, and potassium intakes of 4- to 5-month-
ld, 6- to 11-month-old, and 12- to 24-month-old infants
nd toddlers who participated in the 2002 FITS were
alculated using 24-hour dietary recall data collected
ith the Nutrition Data System for Research (version
.03, 2001, University of Minnesota Nutrition Coordinat-
ng Center, Minneapolis). Calculated intakes included
ontributions from foods and dietary supplements, but
id not include any salt that may have been added to the
oods at the time of consumption (1,10).

Participants in FITS included infants and toddlers be-
ween 4 and 24 months of age. They were selected ran-
omly from a national sample to participate in a cross-
ectional telephone survey of infants’ and toddlers’ food
ntakes based on 24-hour dietary recalls by parents or
ther primary caregivers. Recruitment of subjects, sam-
ling frame, data collection process, and nutrient analy-
is procedures have been described (1,8,10). All data col-
ection instruments and procedures were reviewed and
pproved by Mathematica Policy Research, Inc’s (Wash-
ngton, DC) institutional review board compliance officer
nd quality assurance system. All participants received
ritten information concerning the study, understood

hat participating in the study was voluntary, and were

ssured of the confidentiality of data. Consent from each d

44 January 2006 Suppl 1 Volume 106 Number 1
espondent was obtained before proceeding with the
tudy interviews.
The food grouping scheme developed for FITS allowed

exibility in reporting foods and food groups with various
evels of detail. As described previously (11), individual
oods and beverages reported in the 24-hour recall were
ssigned to major and minor food groups similar to those
sed in the most recent Continuing Survey of Food In-
akes by Individuals (12). The percentage of infants and
oddlers who consumed any amount of a given food or
everage on the recall day also was tabulated for 4- to
-month-old, 6- to 8-month-old, 9- to 11-month-old, 12- to
4-month-old, 15- to 18-month-old, and 19- to 24-month-
ld infants and toddlers (and for collapsed age groups of
- to 5-month-old, 6- to 11-month-old, and 12- to 24-
onth-old infants and toddlers) as was the average per-

entage of daily intake of sodium and potassium from the
ajor food groups (milk and milk products; grain prod-

cts; fruits; fruit juice; vegetables; meat and other protein
ources; mixed dishes; sweets, desserts, and sweetened
everages; snacks; and other foods and supplements). To
roduce these estimates, percentages of the daily total
utrient intake at the person-level were calculated, sam-
le weights were applied, and the average daily nutrient
ntake from various food groups (totaling 100% of the
aily intake) for the population was calculated.

Lack of information concerning the
extent to which the current

electrolyte intakes of infants and
toddlers are less than or greater than

the DRIs for these nutrients is
unfortunate.

Foods were further selected from each food category
ased on foods commonly eaten by infants and toddlers.
odium and potassium contents of both commercial and
ome-prepared infant foods were based on data in the
utrition Data System for Research database. The com-
osition of various milks also was calculated using the
utrition Data System for Research database. Chloride

ntake was assumed to be equimolar to the intake of
odium.

tatistical Analysis
ample weights were calculated to account for nonre-
ponse and to weight the sample to known population
emographic characteristics. Statistical Analysis Soft-
are (version 8.2, 2001, SAS Institute, Inc, Cary, NC)
as used to create analytic variables. SUDAAN (version
.0, 2004, Research Triangle Institute, Research Triangle
ark, NC) was used to make estimates, using the appro-
riate sample weights and accounting for the complex
esign. The personal computer version of the Software of
ntake Distribution Estimation (version 1.02, 2001, Iowa
tate University, Ames) was used to account for day-to-

ay variation in nutrient intake and methods recom-
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ended by the Institute of Medicine (13) were used to
ssess the usual nutrient intakes of infants and toddlers.
Estimates of the percentiles of the usual intake distri-

utions of sodium, chloride (assumed to be equamolar to
odium), and potassium were calculated and compared
ith the AI of each nutrient. Population groups with a
ean intake at or above the AI can be assumed to have an

dequate amount of that nutrient (13). The proportion of
oddlers whose intake of sodium was above the UL (ie,
xcessive) was also calculated. The AI and UL for sodium
ntake of toddlers was extrapolated from the adult AI and
L, based on relative energy intakes of children of this
ge vs adults (7). ULs for sodium intake of infants and
otassium intake of both infants and toddlers could not
e established.

ESULTS
s shown in Table 1, the mean usual intakes of sodium,

hloride, and potassium by 4- to 5-month-old infants par-

Table 1. Usual intake of sodium, chloride,a and potassium by 4- to
5-month-old infants and AIb of each nutrient for 0- to 6-month-old
infants

Nutrient
Mean intake
(mg/day) AIb (mg/day)

Sodium 188 120
Chloride 290 180
Potassium 730 400

aIntake of chloride assumed to be equimolar to that of sodium.
bAI�Adequate Intake.

Table 2. Usual intakes of sodium, chloride,a and potassium by 6- to 1

Nutrient

Usual Intake Per

10th 25th Median

Sodium 179 241 364
Chloride 276 372 562
Potassium 791 959 1,170

aIntake of chloride assumed to be equimolar to that of sodium.
bAI�Adequate Intake.

Table 3. Usual intake of sodium, chloride,a and potassium by 12- to 2
children

Nutrient

Usual Intake Percentiles (mg

10th 25th Median Mean

Sodium 1,051 1,289 1,588 1,638
Chloride 1,622 1,990 2,451 2,528
Potassium 1,337 1,604 1,933 1,971

aIntake of chloride assumed to be equimolar to that of sodium.
bAI�Adequate Intake.

cUL�tolerable upper intake level.

January 2006 ●
icipating in FITS exceeded the AI. Mean intakes of so-
ium and chloride were roughly 60% higher than the AI,
hile mean intake of potassium was almost twice the AI

f this electrolyte. The AIs of sodium and potassium are
he intakes of these electrolytes by a breastfed infant
eceiving 780 mL/day of human milk containing 160 mg/L
f sodium and 500 mg/L of potassium. Although the chlo-
ide intake of the breastfed infant is higher, the AI of this
lectrolyte is assumed to be equimolar to that of sodium
7). This is because the usual dietary source of chloride is
odium chloride.
Table 2 shows the mean usual intakes of sodium, chlo-

ide, and potassium by 6- to 11-month-old infants as well
s the median intakes and the 10th, 25th, 75th, and 90th
ercentiles of usual intake. Table 2 also shows the AI of
hese nutrients for the 6- to 11-month-old infant, ie, the
mounts of each in 600 mL of human milk with a sodium
oncentration of 160 mg/L and a potassium concentration
f 500 mg/L plus the contents of each in the average
omplementary food intake of the 6- to 11-month-old in-
ant (7). As for the 4- to 5-month-old, the AI of chloride is
ssumed to be equimolar to that of sodium.
Although median intake of sodium and chloride by 6- to

1-month-old infants participating in FITS was close to
he AI, mean intakes of these electrolytes as well as
otassium exceeded the AI. Sodium (and chloride) intake
anged from about 50% of the AI at the 10th percentile of
sual intake to 260% at the 90th percentile. The 10th
ercentile of potassium intake was about 15% higher
han the AI, the median intake was about 67% higher, the
ean usual intake was about 75% higher, and the 90th

ercentile of intake was 246% higher.
Table 3 shows the mean usual intakes of sodium,

hloride, and potassium by 12- to 24-month-old tod-

nth-old infants and AIb of each nutrient for 7- to 12-month-old infants

les (mg/day)

AIb (mg/day)Mean 75th 90th

493 599 967 370
761 925 1,493 570

1,225 1,425 1,720 700

nth-old toddlers and AIb and ULc of each nutrient for 1- to 3-year-old

)

AIb (mg/day) ULc (mg/day)75th 90th

1,931 2,288 1,000 1,500
2,980 3,531 1,540 2,300
2,297 2,654 3,000 —
1-mo

centi
4-mo

/day
Supplement to the Journal of the AMERICAN DIETETIC ASSOCIATION S45
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lers along with the AI of these electrolytes for the 1- to
-year-old child and the UL for sodium and chloride; a
L for potassium could not be established. Usual so-
ium and chloride intakes of this age group were quite
igh. Mean usual intakes exceeded the AI of 1- to
-year-old toddlers by about 65% and the UL by about
0%; even the 10th percentile of usual intakes was
bove the AI and the mean usual intakes of 58% were
bove the UL.
In contrast to the sodium and chloride intakes, the

sual mean potassium intake of 12- to 24-month-old tod-
lers was considerably less than the AI. Both the median
nd mean intakes were �65% of the AI. This intake
attern is similar to that of adults, ie, adequate to exces-
ive sodium intake and low potassium intake.
Table 4 shows the sources of the sodium and potassium

ntakes of 4- to 5-month-old, 6- to 11-month-old, and 12-
o 24-month-old infants and children. Milk accounted for
lmost all the sodium intake of 4- to 5-month-old infants,
hereas it accounted for only about half of the sodium

ntake of 6- to 11-month-old infants and less than 20% of
he sodium intake of 12- to 24-month-old children. Addi-
ional sources of the sodium intake of 4- to 5-month-old
nfants were primarily grain products (cereals, breads,
tc) and vegetables (�5% of total). Grain products, mixed
ishes, meats and other proteins, vegetables, sweets, and
nacks were the primary nonmilk sources of the sodium
ntake of 6- to 11-month-old infants.

Changes in sources of sodium intake between 4 to 5
onths of age and 6 to 11 months of age continued after

2 months of age, when meats and other proteins and
rain products accounted for close to half of the sodium
ntake. Other sources of sodium intake of this age group
ncluded milk, mixed dishes, vegetables, sweets, and
nacks. Snacks accounted for roughly three times as
uch of the sodium intake of 12- to 24-month-old toddlers

s that of 6- to 11-month-old infants.
As shown in Table 5, milk accounted for a somewhat

ower percentage of the potassium intake of 4- to
-month-old infants than it did for sodium intake but
as, by far, the major source of potassium intake of this
ge group. Other sources included grain products, fruits,

Table 4. Sources of sodium intake of 4- to 5-, 6- to 11-, and 12-
to 24-month-old children

Food group

4-5 Months
(%)
(n�624)

6-11 Months
(%)
(n�1,395)

12-24 Months
(%)
(n�1,003)

Milk 92.2 51.2 18.9
Grain 2.6 13.9 20.3
Fruits 0.3 1.1 0.3
Fruit juice 0.5 0.9 0.4
Vegetables 2.0 6.9 7.3
Meats/other protein 0.1 8.1 25.2
Mixed dishes 1.0 10.8 16.1
Sweets 0.3 4.5 5.6
Supplements 0.6 0.6 0.3
Snacks/other 0.5 2.0 5.7
ruit juices, and vegetables. Milk contributed slightly less t

46 January 2006 Suppl 1 Volume 106 Number 1
han 50% of the potassium intake of 6- to 11-month-old
nfants; fruits, fruit juices, vegetables, grains, and mixed
ishes were the major nonmilk sources. Milk also was the
ajor source of the potassium intake of 12- to 24-month-

ld children, but over 20% of the total potassium intake of
his age group came from fruits and fruit juices. Other
ajor sources included meats and other proteins, vegeta-

les, grain products, mixed dishes, and sweets. The larg-
st percentage change in source of potassium intake be-
ween 6 to 11 months of age and 12 to 24 months of age
as the intake from snacks, which increased about six-

old.
Tables 6 and 7 also show the contributions of the dif-

erent food sources to the mean sodium and potassium
ntakes, respectively, of 4- to 5-, 6- to 11-, and 12- to
4-month-old infants and toddlers. However, in these
ables, the contributions of the different food sources are
xpressed as mg/day rather than percent of total intakes.
lthough the percent of sodium and potassium intakes
ontributed by a specific food group may decrease over

Table 5. Sources of potassium intake of 4- to 5-, 6- to 7-, and 12-
to 24-month-old children

Food group

4-5 Months
(%)
(n�624)

6-11 Months
(%)
(n�1,395)

12-24 Months
(%)
(n�1,003)

Milk 81.3 47.9 40.3
Grain 7.0 9.7 6.1
Fruits 4.5 13.0 10.9
Fruit juice 1.9 5.9 10.1
Vegetables 4.1 11.2 9.0
Meats/other protein 0.1 3.5 11.0
Mixed dishes 0.6 5.5 5.6
Sweets 0.4 2.5 4.2
Supplements 0.2 0.3 0.3
Snacks/other 0.1 0.4 2.4

Table 6. Contribution of different food sources to mean sodium
intakes (mg/day) of 4- to 5-, 6- to 11-, and 12- to 24-month-old
infants and toddlersa

Food group
4-5 Months
(n�624)

6-11 Months
(n�1,395)

12-24 Months
(n�1,003)

Milk 173 252 310
Grain products 5 69 333
Fruits/fruit juices 2 10 12
Vegetables 4 34 120
Meats/other protein — 40 413
Mixed dishes 2 53 264
Sweets 1 22 92
Supplements 1 3 5
Snacks/other 1 10 93
Total (mg/day) 189 493 1,642

aCalculated as the product of the mean intake of sodium by 4- to 5-, 6- to 11-, and
12- to 24-month-old infants and toddlers (Tables 1-3) and the percentage of total
sodium and potassium intakes contributed at each age by each food group (Table 4).
ime, these tables show that the actual intakes (mg/day)
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rom that food group may increase, particularly after the
rst 12 months of life. For example, although the percent-
ge contribution of milk products to total sodium and
otassium intakes decreases dramatically from 4 to 5
onths of age to 12 to 24 months of age, the actual

ntakes (mg/day) increase by 34%.
Changes in percent of daily sodium and potassium in-

akes from different food sources over shorter periods
uring the first 24 months of life are shown in Tables 8
nd 9 (cf., Tables 4 and 5), respectively. Milk, the major
ource of sodium intake of 4- to 5-month-old infants,
ccounted for only about a third of the sodium intake of
he 9- to 11-month-old infants, about a fourth of the
ntake of the 12- to 15-month-old infants, and less than
0% of the intake from 15 to 24 months of age. The
ontributions of grain products, meats and other proteins,
ixed dishes, and vegetables to total sodium intake fol-

owed an opposite pattern, increasing steadily from an
lmost negligible percentage of intake at 4 to 5 months of
ge to a sizeable percentage by 9 to 11 months of age.
ruits and fruit juices were not a major source of sodium

ntake at any age. Sweets accounted for a very small
ercentage of the sodium intake of 4- to 5-month-old
hildren, but accounted for 4% to 6% of the total sodium
ntake of children over 6 months of age. Snacks as a
ource of sodium intake also increased consistently from
negligible percentage of the total sodium intake of the 4-

o 5-month-olds to about 7% of the intake of 19- to 24-
onth-olds.
The contribution of milk to total potassium intake (Ta-

le 9) decreased rapidly from 4 to 5 months of age to 6 to
months of age and, then, more gradually through 18
onths of age. The contribution of grain products to the

otal potassium intake was highest during the second 6
onths of life, but contributed 6% to 7% of potassium

ntake at all ages. Fruits and fruit juices accounted for
oughly 20% of the total potassium intake of children over
months of age and vegetables accounted for a sizeable

ercentage at all ages. The contribution of meat and other

Table 7. Contribution of different food sources to mean potassium
intakes (mg/day) of 4- to 5-, 6- to 11-, and 12- to 24-month-old
infants and toddlersa

Food group
4-5 Months
(n�624)

6-11 Months
(n�1,395)

12-24 Months
(n�1,003)

Milk 594 587 794
Grain products 51 119 120
Fruits/fruit juices 47 231 414
Vegetables 30 137 177
Meats/other protein 1 43 217
Mixed dishes 4 67 110
Sweets 3 31 83
Supplements 2 4 6
Snacks/other 1 5 47
Total (mg/day) 733 1,224 1,968

aCalculated as the product of the mean intake of potassium by 4- to 5-, 6- to 11-, and
12- to 24-month-old infants and toddlers (Tables 1-3) and the percentage of total
sodium and potassium intakes contributed at each age by each food group (Table 5).
rotein to total potassium intake increased from very a

January 2006 ●
ittle at 4 to 5 months of age to about 12% at 19 to 24
onths of age. Mixed dishes and sweets contributed very

ittle to the potassium intake of 4- to 5-month-olds, but
ach food group contributed about 5% of the total potas-
ium intake between 19 and 24 months of age. Other
oods contributed minimally to the total potassium intake
uring this period.
Tables 10 and 11 show the contribution of different
ilk products to the mean sodium and potassium in-

akes, respectively, of 4- to 5-month-old, 6- to 11-month-
ld, and 12- to 24-month-old infants and toddlers. A sim-
lar breakdown of the contribution of different foods
ithin each major food group was not as interesting as

he contribution of various milk products at different
ges; hence, these data are not included.
As shown in Table 10, breast milk and infant formulas
ere the only milk products contributing to the sodium

ntake of 4- to 5-month-old, as well as 6- to 11-month-old,
nfants. However, the percent from breast milk was
50% lower at 6 to 11 months than at 4 to 5 months and

he percent from formula was 23% higher. After 12
onths of age, breast milk and formula accounted for

ery little of the sodium intake from milk products. Of the
0% of sodium intake from cow’s milk at this age, about
5% was from reduced-fat milk.
Contributions of different milk products to total potas-

ium intakes of 4- to 5-month-old, 6- to 11-month-old, and
2- to 14-month-old infants and toddlers were similar to
he contributions of these products to total sodium in-
akes (Table 11). Breast milk and formula were the only
ources of potassium from milk products at 4 to 5 months
f age (40% and 60% from breast milk and formulas,
espectively) and cow’s milk was the primary contributor
90%) at 12 to 24 months of age.

Breast milk and infant formulas were
the only milk products contributing

to the sodium intake of 4- to 5-
month-old, as well as 6- to 11-

month-old, infants.

For the most part, contributions of different milk prod-
cts to total sodium and potassium intakes of infants and
oddlers reflect current feeding advice (14,15). An excep-
ion concerns the contribution from breast milk, which is
ower than desired, particularly for the youngest group.
f particular note is the fact that cow’s milk did not
ccount for a significant intake of sodium and potassium
ntil after 12 months of age and that about 25% of cow’s
ilk intake was low-fat milk, rather than whole milk as

sually advised (14,15).

ISCUSSION
ata reported here show that the usual mean sodium

and chloride) intakes of 4- to 5-month-old, 6- to 11-
onth-old, and 12- to 24-month-old infants and toddlers
ho participated in FITS exceeded the AIs of sodium for

he respective age groups by approximately 60%, 33%,

nd 64%. Moreover, the usual mean intakes of these
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utrients by 12- to 24-month-old toddlers exceeded the
L. Usual mean potassium intakes of the 4- to 5-month-

ld and 6- to 11-month-old infants also exceeded the AIs
f potassium for these age groups (by 75% and 80%,
espectively); in contrast, the usual mean potassium in-
ake of 12- to 24-month-old infants was only 66% of the AI
f potassium for 1- to 3-year-old children.
Because the sodium contents of human milk and infant

ormula are similar (�25 mg/100 kcal) and these products
ontribute 92% of sodium intake of 4- to 5-month-olds and
1% of the sodium intake of 6- to 11-month-olds, the

Table 8. Changes in percent of daily sodium intake from different f

Food source
4-5 Months
(n�624)

6-8 Months
(n�708)

9-11
(n�6

Milk 92.2 66.1 36.0
Grain products 2.6 9.2 18.8
Fruits 0.3 1.3 0.9
Fruit juices 0.5 1.0 0.8
Vegetables 2.0 6.8 7.0
Meats/other protein 0.1 3.0 13.4
Mixed dishes 1.0 7.1 14.6
Sweets 0.3 3.6 5.4
Supplements 0.6 0.6 0.6
Snacks/other 0.5 1.3 2.6

Table 9. Changes in percent of daily potassium intake from differen

Food source
4-5 Months
(n�624)

6-8 Months
(n�708)

9-11
(n�6

Milk 81.3 52.0 43.7
Grain products 7.0 10.0 9.5
Fruits 4.5 12.8 13.3
Fruit juices 1.9 4.9 6.9
Vegetables 4.1 12.0 10.4
Meats/other protein 0.1 1.4 5.7
Mixed dishes 0.6 4.4 6.6
Sweets 0.4 1.9 3.1
Supplements 0.2 0.3 0.3
Snacks/other 0.1 0.6 0.6

Table 10. Contribution of different milk products to mean sodium
intakes (mg/day) of 4- to 5-, 6- to 11-, and 12- to 24-month-old
infants and toddlers

Milk product
4-5 Months
(n�624)

6-11 Months
(n�1,395)

12-24 Months
(n�1,003)

Total 173 186 310
Breast milk 66 36 12
Infant formula 107 141 16
Cow’s milk 0 9 279

Whole — 7 203
Low-fat — 2 75

Soy milk 0 0 3
high” intakes of sodium suggest that the DRI may be t

48 January 2006 Suppl 1 Volume 106 Number 1
ow, the intake of formula and/or breast milk may be
xcessive, or that the intakes reported may be falsely
igh. Because exclusively breastfed infants under 6
onths of age, the basis of the DRI of 4- to 5-month-old

nfants, seem to do quite well, it is unlikely that the DRI
f this group is low. Availability of weight data would
elp in determining which of the other two possible ex-
lanations is most likely but, unfortunately, available
eight data are self-reported and, hence, of questionable
ccuracy. In this regard, the mean energy intakes of the
ame infants were 10%, 23%, and 31% higher, respec-

ources over the first 24 months of life

ths 12-14 Months
(n�371)

15-18 Months
(n�312)

19-24 Months
(n�320)

24.3 18.8 16.0
20.1 19.6 21.0
0.3 0.3 0.2
0.4 0.4 0.3
6.4 8.3 7.0

21.4 23.8 28.3
17.6 17.1 14.4
5.1 5.8 5.8
0.2 0.6 0.2
4.1 5.3 6.8

d sources over the first 24 months of life

ths 12-14 Months
(n�371)

15-18 Months
(n�312)

19-24 Months
(n�320)

45.3 40.6 37.5
6.5 6.1 5.9

11.7 10.5 10.9
7.4 10.1 11.6
8.2 9.3 9.2
8.7 10.7 12.4
7.0 5.8 4.6
3.9 3.6 4.8
0.1 0.7 0.2
1.2 2.5 3.0

Table 11. Contribution of different milk products to mean potas-
sium intakes (mg/day) of 4- to 5-, 6- to 11-, and 12- to 24-month-
old infants and toddlers

Milk product
4-5 Months
(n�624)

6-11 Months
(n�1,395)

12-24 Months
(n�1,003)

Total 594 587 794
Breast milk 237 107 22
Infant formula 356 432 39
Cow’s milk 0 42 712

Whole — 33 518
Low-fat — 9 195

Soy milk 0 5 22
ood s

Mon
87)
t foo

Mon
87)
ively, than the estimated energy requirement of 0- to
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-month-old and 7- to 12-month-old infants as well as 1-
o 3-year-old toddlers (8), supporting the likelihood of
xcessive breast milk and/or formula intake. However,
verreporting intakes by parents of young infants and
hildren is a recognized problem.

Whether the usual mean sodium, chloride, and potas-
ium intakes of infants and toddlers should be a concern
s not clear. The sodium (and chloride) intakes of the 4- to
-month-old and 6- to 11-month-old infants differ little
rom the intakes of these nutrients reported for these age
roups approximately 20 years ago (9), which was after
nfant formula and complementary food manufacturers
ad voluntarily reduced the sodium content of their prod-
cts.
Nonetheless, the usual mean sodium and chloride in-

akes of 4- to 5-month-old and 6- to 11-month-old infants
xceeded the AI by 60% and 33%, respectively, and the
sual mean sodium intake of 12- to 24-month-old toddlers
xceeded the UL of this age group by about 10%. Usual
ean potassium intakes of 4- to 5-month-old and 6- to

1-month-old infants also exceeded the AIs (by 82.5% and
5%, respectively), but the usual mean intake of 12- to
4-month-old toddlers was only 66% of the DRI of potas-
ium for this age group. The major concern with a high
odium intake is that it may contribute to development of
ypertension, but there is no conclusive evidence that
his is a major concern in childhood. Studies in adults
how a continuous increase in blood pressure with in-
reasing sodium intake, starting at quite low intakes (16).
nother concern, for which there is even less data, is that
igh sodium intakes in infancy may enhance the likeli-
ood of hypertension in adulthood.
Plasma concentrations of both sodium and potassium

re maintained within very narrow limits. Thus, unless
osses (eg, excessive sweating, diarrhea, and/or vomiting)
r intakes are excessive, plasma concentrations of both
emain within these very narrow limits. However, this
xquisite control under usual circumstances does not in-
icate that intakes should not be a concern. Certainly,
ntakes close to recommended intakes are less likely to
ax the homeostatic mechanisms for maintaining a nar-
ow range of plasma sodium and potassium concentra-
ions.

In addressing the issue of whether current intakes of
odium (and chloride) and potassium are problematic, it
s important to note that the median sodium intake of 6-
o 11-month-old infants is very close to the AI. Thus, the
urrent sodium intake of most 6- to 11-month-old infants
s unlikely to be a major problem. The relatively small
ample size of 4- to 5-month-old infants and the fact that
he intake data were not normally distributed prevented
alculation of the usual median intake and usual intake
ercentiles of this age group. Moreover, the Food and
utrition Board did not set ULs for 0- to 6-month-old

nfants. Thus, it is difficult to assess the mean sodium
nd potassium intakes of this group, which are 57% and
3% higher, respectively, than the AIs. At any rate, as
oted above, unless the human milk and/or formula in-
akes of this age group were excessive relative to the
ntakes from 780 mg/day of human milk (or formula,
hich has roughly the same concentrations of sodium and
otassium as human milk) used in determining the AI,

here is little that can be done other than to advise a i

January 2006 ●
ower intake of breast milk and/or formula. However,
uch advice is not warranted until more is known about
he actual breast milk and formula intakes of this age
roup.
Because even the 10th percentile of usual sodium in-

ake by 12- to 24-month-old toddlers is somewhat higher
han the UL and the sodium intake of 58% of this age
roup is higher than the UL, the sodium intake of this age
roup almost certainly is excessive. Further, the usual
ean intake of potassium by this group is less than the
RI (AI) of potassium, suggesting some level of inade-
uacy of potassium intake by this group. Regardless of
hether the high sodium and low potassium intakes of

oddlers are problematic, efforts to bring intakes closer to
Is seem warranted. A review of the food sources of
odium and potassium intakes at various ages (see Tables
-11) provides some clues for how to accomplish this.
The bulk of the sodium and potassium intakes of 4- to

-month-old infants comes from human milk and for-
ula, which have roughly the same sodium concentra-

ions. Thus, as noted above, the only way to lower the
odium and potassium intake of this group is to limit
ntake. Because formula has a higher potassium con-
ent than human milk, increasing the prevalence of
reastfeeding, as universally recommended (15,16),
ill decrease potassium intake to some extent.

The major concern with a high
sodium intake is that it may
contribute to development of
hypertension, but there is no

conclusive evidence that this is a
major concern in childhood.

Foods other than milk contribute to the sodium and
otassium intakes of 6- to 11-month-old infants and 12- to
4-month-old toddlers. Because concentrations of both
odium and potassium are lower in commercially pre-
ared and home-prepared complementary foods to which
alt has not been added, use of these foods in lieu of
repared foods, such as processed meat, will help reduce
odium intake but will not increase potassium intake
ppreciably. For example, a 1-oz serving of commercially
repared infant turkey provides 13 mg sodium and 45 mg
otassium, whereas a 1-oz serving of processed turkey
reast luncheon meat provides 335 mg sodium and 39 mg
otassium. Other processed meats (eg, ham, cold cuts) are
igh in both sodium and potassium. Peanut butter, par-
icularly if unsalted, is high in potassium and low in
odium but may not be appropriate for younger toddlers
r for any toddler with a family history of food allergies.
ost fruits and vegetables also are low in sodium and

igh in potassium. So, increasing intake of fruits and
egetables by children over 1 year of age, as frequently
dvocated, will provide potassium without excessive so-
ium.
It should be noted that the increase in sodium intake

etween 6 and 12 months of age coincides with the

ntroduction of table foods and whole or low-fat cow’s
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ilk. Introduction of table foods usually begins at
bout 9 months of age and by 12 months of age most
hildren are eating table food almost exclusively (see
ables 8 and 9). Because the sodium concentration of
ow’s milk (80 mg/100 kcal) is more than threefold
igher than the sodium concentration of human milk
nd formula, transition from human milk or formula to
ow’s milk also results in a marked increase in sodium
ntake. The major drawback to delaying introduction of
ow’s milk and continuing formula well into the second
ear of life is the much higher cost of formula. Thus,
onsidering the limited evidence that current sodium
ntake of most toddlers is problematical, one is reluc-
ant to advise continuation of formula beyond about 12
onths of age. Delaying introduction of table foods is

lso questionable. These foods not only provide nutri-
nts but also serve an important developmental role.
n the other hand, because the major source of sodium

n table foods is the salt that is added in cooking,
arents can be advised to limit the salt used when
reparing foods for infants. In the absence of added
alt, the sodium content of home-prepared foods should
e roughly the same as that of commercially prepared
nfant and toddler foods. Obviously, the intake of salty
nacks should be limited.
Although the sodium intake of infants and toddlers

ecreased dramatically during the mid-1970s (9), there
eems to have been little additional change since. Some
imple ways of decreasing sodium intake of all infant and
oddlers and increasing the potassium intake of toddlers
re suggested. Despite the limited evidence that current
ntakes are problematical, implementing these sugges-
ions seems reasonable.

ONCLUSIONS
hether the current, somewhat high sodium intake of

nfants and toddlers, particularly toddlers, and the some-
hat low potassium intake of toddlers are problematical

s not clear. Nonetheless, it seems desirable to bring
ntakes closer to AIs. This can be accomplished by:

continuing breast- or formula-feeding and delaying in-
troduction of cow’s milk;
limiting the amount of table salt added to home-pre-
pared foods;
encouraging intake of fruits (which have a high content
of potassium relative to sodium) and vegetables;
using whole grain cereals and other grain products,
which are higher in potassium than highly processed
grains; and
limiting intake of foods with high sodium content (eg,
processed meats and salty snacks).
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