Research and Professional Briefs

RESEARCH

Adolescent Girls in Maine Are at Risk for

Vitamin D Insufficiency
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ABSTRACT

The objective was to determine the seasonal fluctuations
in serum 25-hydroxyvitamin D (25-OHD) in a group of
healthy adolescents living in a northern climate. Twenty-
three 9- to 11-year-old girls participated in the study from
September 2000 to March 2003. Serum 25-OHD and
parathyroid hormone levels were measured each Septem-
ber and March. Dietary intake of vitamin D was assessed
each summer and winter. Summer-sun exposure was
evaluated using reports of time spent outdoors. The mean
decrease in serum 25-OHD from September to March was
28%. Vitamin D insufficiency (at least one serum 25-OHD
level <50 nmol/L) was observed in 11 of 23 (48%) sub-
jects. Four of 23 subjects (17%) exhibited vitamin D in-
sufficiency in both September and March. Mean parathy-
roid hormone levels increased 4 pg/mL (15%) from
September to March. Vitamin D intakes need to be in-
creased in winter at northern latitudes.
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n adequate supply of vitamin D is important to
maximize gains in bone mineral during puberty.
Puberty is a time of rapid bone growth and miner-
alization, with up to 50% of total adult bone mass being
accrued (1). Vitamin D plays an integral role in bone
mineralization by promoting calcium absorption in the
small intestine and stimulating osteoblastic activity to
maintain serum calcium and phosphorus levels in the
normal range (2). In adults, bone mineral density is pos-
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itively associated with serum 25-hydroxyvitamin D (25-
OHD) levels (3). Vitamin D insufficiency during puberty
can negatively impact calcium balance and availability
for mineralization of bone.

People living at northern latitudes are at increased risk
of vitamin D insufficiency during winter. An individual’s
serum 25-OHD level, the standard indicator of vitamin D
status, is determined by both dietary intake of vitamin
D-2 and D-3 and cutaneous synthesis of vitamin D-3 after
exposure to solar ultraviolet B (UV-B) radiation (2). Due
to the increased zenith angle of the sun, most solar UV-B
photons are absorbed by the earth’s ozone layer 4 to 5
months per year in winter at northern latitudes, and the
skin makes little or no vitamin D-3 (4). Serum 25-OHD
levels fluctuate as the skin source is added and removed,
with peak 25-OHD levels occurring in late summer and
the lowest levels occurring in late winter at northern
latitudes (5).

Significant rates of vitamin D insufficiency in winter
have been documented in studies of adults and children
in the United States and other countries (5-15). Tang-
pricha and colleagues (7) in Boston (latitude 42°N) found
that 42% of adults not taking multivitamin supplements
had serum 25-OHD levels below 50 nmol/L, the lower
limit of normal, in March. At a lower latitude in winter
(median latitude=32°N), data from the Third National
Health and Nutrition Examination Survey showed that
29% of girls (ages 12-19) exhibited serum 25-OHD levels
<50 nmol/L (15). In Canada (43°N), Vieth and colleagues
(11) found mean serum 25-OHD levels in winter (Novem-
ber-May) of 58 £24 nmol/L in women ages 18 to 35 years.

Adolescent girls living at northern latitudes may be at
particular risk for the deleterious effects of vitamin D
insufficiency because of rapid bone mineralization rates
during puberty, lack of vitamin D synthesis during win-
ter, and the decrease in milk consumption that often
occurs during adolescence (16). Because milk has been
the major food source fortified with vitamin D, adequate
consumption of milk is necessary to meet the Adequate
Intake (AI) of 5 ug vitamin D per day for adolescents (17).
The purpose of this study was to document the extent of
seasonal fluctuations in serum 25-OHD levels in healthy
adolescent girls living at a northern latitude.

METHODS

During the summer of 2000, girls aged 9 to 11 years who
lived in the area of Bangor, ME (latitude 44°N) were
recruited for an observational study of bone mineraliza-
tion through advertisements in newspapers and fliers
posted in the community. Institutional Review Boards at
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Table. Mean serum and dietary intake data for adolescent girls over 3 years

September 2000 March 2001 September 2001 March 2002 September 2002 March 2003
(n=22%) (n=22?%) (n=22%) (n=227) (n=20) (n=20)
mean (standard deviation)
Age (y) 10.7 (0.8) 11.2 (0.8) 11.7 (0.8) 12.2 (0.8) 12.7 (0.8) 13.2(0.8)
Body mass index 20.5(3.8) 20.4 (4.1) 21.1 (4.3 21.3(4.2) 21.8 (4.6) 22.2 (4.6)
Serum 25-0OHD (nmol/L)° 74.4 (22.2) 55.9 (16.5) 70.8 (20.6) 53.9 (15.2) 72.3(19.8) 50.0 (14.4)
Serum PTH (pg/mL) 25.1 (10.0) 28.9 (10.3) 28 7( 8) 32 3(11.2) 26.1 (8.9) 29.4 (12.7)
Dietary vitamin D (ug/d) — 5.4 (1.4) 4(2.1) 7(2.5) 5.3(2.7) 4.8 (2.1)
Dietary calcium (mg/d) — 1,028 (221) 989 (372) 1 070 (328) 1,038 (381) 916 (316)
Adjusted® time outdoors (min) — — 84 (39) — 79 (49) —

20ne subject with a missing serum sample was excluded.
bThree subjects with missing serum samples were excluded.

€Adjusted to a standard of peak hour ultraviolet-B radiation.

©25-0HD=25 hydroxyvitamin D. Significant difference between each September value and the subsequent March value (P<.001).
9PTH=nparathyroid hormone. Significant difference between each September value and the subsequent March value (P<.05).

St Joseph Hospital and the University of Maine approved
the protocol. Informed consent was obtained from a par-
ent. Exclusion criteria were medical problems influencing
vitamin D metabolism; medication use, including vita-
min, mineral, or herbal supplements; eating disorders;
and plans for winter travel to warm climates for more
than 1 week.

Subjects were seen for blood drawing and measure-
ment of height and weight each September and March
from September 2000 to March 2003. Serum 25-OHD
levels measured in September and March reflect dietary
vitamin D intake and sun exposure in summer and win-
ter, respectively. The serum was frozen at —70°C until
April 2003, and then analyzed for 25-OHD using a com-
petitive protein-binding assay (18), and intact parathy-
roid hormone (PTH) using the Nichols Advantage System
chemiluminescence assay (Nichols Institute Diagnostics,
San Juan Capistrano, CA) at the Vitamin D, Skin, and
Bone Laboratory, Boston University School of Medicine,
Boston, MA. The intra- and interassay coefficients of vari-
ation for the 25-OHD assay were 3% to 4.5% and 6.4% to
14.5%, respectively, and for the intact PTH assay were
2.2% to 3.6% and 5.6% to 8.3%, respectively.

A registered dietitian trained the subjects in keeping food
records, estimating portion sizes, and reading nutrient con-
tent labels. Four single-day (3 weekdays and 1 weekend
day) food records were collected from the subjects each win-
ter (January and February) and summer (July and August).
Food records were analyzed using Nutritionist Pro software
(First Data Bank, San Bruno, CA).

On the same 4 days the subjects kept food records, they
also kept 24-hour records of their physical activity. Dur-
ing the summer only, subjects were questioned about
whether the activity took place inside or outdoors, cloth-
ing worn, and sunscreen use. Minutes of time spent out-
doors were tallied for each hour and adjusted for strength
of UV-B radiation relative to peak hour UV-B levels as
described by Sullivan and colleagues (19). Total minutes
spent outdoors (adjusted for relative strength of UV-B
radiation) were averaged for the 4 days.

Pearson’s product-moment correlation was used to ex-
amine the relationship between 25-OHD levels in March
and those of the previous September for each year using
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Microsoft Excel software (Seattle, WA). Multivariate re-
peated measures analyses were done for dependent vari-
ables, serum 25-OHD, and PTH levels according to time
(each 6 months between September 2000 and March
2003) using SYSTAT (SPSS Inc, Chicago, IL) for only
those 19 subjects who had complete data for the 3 years.
Level of significance was P<.05.

RESULTS AND DISCUSSION

Twenty-three white girls enrolled in the study in Septem-
ber 2000 and continued until March 2003. Complete di-
etary and serum data were available on 19 subjects for
the 3 years. The other four subjects were missing one or
two serum samples. The Table summarizes the data that
were complete for each year of the study. Although 12
subjects reported some sunscreen use, all subjects re-
ported times when they were outdoors and not wearing
sunscreen. T-shirt and shorts was the usual dress, with
about 50% of body surface area exposed.

Individual serum 25-OHD levels are shown in the Fig-
ure. Eleven of 23 subjects (48%) exhibited vitamin D
insufficiency, defined as at least one serum 25-OHD level
<50 nmol/L, at some point in the 3 years. Four of 23
subjects (17%) exhibited vitamin D insufficiency in both
September and March. One 25-OHD value fell <17.5
nmol/L (the detection limit of the assay) and was reported
as 17.5 nmol/L, which slightly elevated the mean for
March 2003. A significant correlation between serum 25-
OHD levels in March and those of the previous Septem-
ber was found each year (r=0.83 to 0.94, P<<.001). Re-
peated-measures analysis of variance (using the 19
subjects with complete data for the 3 years) showed no
significant year-to-year difference in overall serum 25-
OHD levels, but the difference between mean levels in
September and March was significant (P<.001) and con-
sistent across years with an average drop in serum 25-
OHD of 20.1 nmol/LL (28%). The change in serum PTH
from September to March was also consistent across
years (P<.05) in 19 subjects with an average increase of
4.0 pg/mL (15%).

In March, the rate of vitamin D insufficiency among
these healthy adolescent girls living in Maine was high
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and may compromise bone health. There is some evidence
that low serum 25-OHD levels and increased PTH levels
result in lower accumulation of bone mass. Outila and
colleagues (6) observed that serum 25-OHD levels =40
nmol/LL were associated with low forearm bone mineral
density in 14- to 16-year-old females. Cheng and col-
leagues (20) found that 10- to 12-year-old girls with se-
rum 25-OHD levels =25 nmol/LL had secondary hyper-
parathyroidism and low cortical bone mineral density.

Oral vitamin D intake in winter was inadequate to
maintain March serum 25-OHD levels in the normal
range for many girls in this study. Reported intakes of
vitamin D were at or near the current Al of 5 ug per day
(17). Either the subjects’ oral vitamin D intakes were
overestimated, or the dietary intake goals should be
higher than current recommendations. The latter is more
likely, given that nutrient intakes are usually underesti-
mated in food records (21). Researchers suggest that cur-
rent dietary intake goals for vitamin D are markedly
inadequate to sustain normal serum levels in the absence
of sun exposure (2,11,22). Other studies documenting
similarly high rates of vitamin D insufficiency support
the conclusion that vitamin D insufficiency is prevalent
at northern latitudes in winter and that increased vita-
min D intakes are necessary (7,11,15).

Sources of vitamin D in summer in Maine were ade-
quate for most girls to achieve serum 25-OHD levels >50
nmol/L in September. Because higher 25-OHD levels in
September were associated with higher levels the follow-
ing March, increasing vitamin D intake over the summer
can also help maintain adequate serum levels through
the winter. Summer sun exposure is a potent source of
vitamin D with one total body minimal erythemal dose
(the amount of sun exposure that begins to redden the
skin) supplying 250 to 625 ug of vitamin D-3 (2). Short
exposures to midday sun (a few minutes) prior to apply-
ing sunscreen have been suggested as a source of vitamin
D (2).

There was a subset of otherwise healthy girls (4 of 23)
who exhibited vitamin D insufficiency in both September
and March without a clear behavioral or dietary expla-
nation. Whether this represents some disorder of vitamin
D synthesis or metabolism is unclear. Individuals with

vitamin D insufficiency year-round can be identified by
measuring serum 25-OHD levels at the end of summer
(September).

The data analysis presented here uses 50 nmol/L as the
conventional cutoff for adequate serum 25-OHD levels.
Prominent researchers in the field suggest that the serum
25-OHD levels associated with optimal calcium absorp-
tion and normalization of PTH levels may be closer to 75
to 80 nmol/L (2,23). Viewing the above data in light of this
proposed optimal serum level reveals a sizeable gap be-
tween current serum vitamin D status and desirable lev-
els. Significantly higher intakes of vitamin D from food,
sun, and/or supplements would be needed to shift the
serum 25-OHD to 75 to 80 nmol/LL year-round. Thus,
dietetics professionals should anticipate future develop-
ments in the field of vitamin D, including changes in the
Dietary Reference Intakes and in food fortification and
supplementation practices, as research is ongoing.

CONCLUSIONS

e When stressing the importance of adequate calcium
intake for bone building during adolescence, dietetics
professionals should encourage adequate vitamin D in-
take for optimal calcium utilization.

e People of all ages living at northern latitudes should be
encouraged to seek adequate sources of vitamin D, in-
cluding milk and other emerging dietary sources, vita-
min D supplements, and short periods of mid-day sun
exposure between April and October.
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