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Abstract
Background—Extremely obese adolescents are increasingly undergoing bariatric procedures,
which restrict dietary intake. However, there are as yet no data available which describe the
change in caloric density or composition of the adolescent bariatric patient’s diet pre- and post-
operatively.

Objective—Assess the 1-year change in dietary composition of adolescents undergoing bariatric
surgery.

Setting—Tertiary care children’s hospital

Methods—Twenty-seven subjects [67% female, 77% white, age 16.7 ± 1.4 years, baseline body
mass index (BMI) 60.1 ± 14.1 kg/m2] were prospectively enrolled into an observational cohort
study one month prior to laparoscopic Roux-en-Y gastric bypass (RYGB) between August 2005
and March 2008. Three-day dietary intake was recorded at baseline (n=24), at 2 weeks (n=16), 3
months (n=11), and 1 year (n=9) post-operatively. Dietary record data were verified by structured
interview and compared with Dietary Reference Intake (DRI) values for ages 14–18.

Results—By 1 year post-surgery, mean caloric intake adjusted for BMI was 1015 ± 182 kcal/
day, a 35% reduction from baseline. The proportion of fat, protein and carbohydrate intake did not
differ from baseline. However, protein intake was lower than recommended postoperatively.
Calcium and fiber intake was also persistently lower than recommended. Calcium and vitamin
B12 supplementation increased the likelihood of meeting daily minimal recommendations
(p≤0.02).
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Conclusions—One year after RYGB, adolescents’ caloric intake remained restricted with
satisfactory macronutrient composition, but with lower than desirable intake of calcium, fiber and
protein.
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Introduction
Obese adults and children are at risk for nutritional deficiencies.(1–6) Significant dietary
restriction and bypass of the gastric body, duodenum and proximal jejunum following
RYGB could potentiate suboptimal intake and absorption of important macro- and
micronutrients.(7) RYGB has been associated with deficiencies in iron, folate, calcium,
vitamins D and B12.(8–10) Higher rates of non-adherence to recommended vitamin
supplementation correlate with higher rates of post-operative deficiencies.(11)

Little is known about the nutritional intake of adolescents undergoing bariatric surgery. This
information is particularly important, as adherence to dietary and supplement regimens may
differ between adults and adolescents.(12) The objective of this study was to determine
dietary intake of adolescent bariatric surgery patients at baseline and during the first year
following surgery.

Materials and Methods
The study was conducted at the Cincinnati Children’s Hospital Medical Center (CCHMC)
and approved by the Institutional Review Board. Written informed consent was obtained
from participants/parents. Patients were eligible to participate if they were previously
enrolled in a study examining diabetic precursors and outcome after bariatric surgery that
collected detailed dietary data. Sample size for this pilot study was a convenience sample,
determined by the number of participants with completed dietary records. Exclusion criteria
included: cirrhosis, total bilirubin >1 mg/dL, prothrombin time > 13.3 sec, prior myocardial
infarction, serum creatinine ≥ 1.7 mg/dL, and systemic glucocorticoid therapy within the
previous six weeks.

Study visits included assessments at baseline (1 month prior to surgery), 2 weeks, 3 months
and 1 year post-operatively. At each visit, subjects completed a 3-day food record, and those
with at least one record (n=27 participants) were included in the analysis. Height and weight
were measured and BMI calculated (kg/m2). Height was measured using a wall-mounted
stadiometer and weight was measured using a calibrated Scale-Tronix 5200 scale (Scale
Tronix, White Plains, NY) with the subject wearing light clothing and socks. Measurements
were made in duplicate by trained coordinators and averaged for analysis.

Pre-operatively, patients were counseled by a clinical dietician who did not participate in
data collection. A low-fat, portion controlled diet was prescribed with the goal of 5–15%
loss of baseline total weight during a 2–3 month pre-operative phase designed to promote
weight loss prior to surgery. The baseline data therefore reflects participant intake during
this preparation period. Post-surgically, the clinical dietician prescribed progressive stages
of nutritional therapy. The final diet consisted of a recommended intake of 60 grams (g) of
protein daily and 3–4 meals daily. Recommended supplements in the first six months post-
surgery included a multivitamin, calcium plus vitamin D, vitamins B1 and B12, with
supplementation of iron in all females, and in males if clinically indicated. The B1
supplement was discontinued at 6 months.
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Dietary intake was assessed using the completed 3-day food records.(13) Trained research
dieticians reviewed and verified all records at each visit with the participant and parent, and
probed for missing details. Participants were asked to include two weekdays and one
contiguous weekend day in their 3 day food record and results were averaged for the
analysis. Dietary analysis was performed using the Nutrition Data System for Research
(Version 8, 2008, University of Minnesota, Minneapolis, MN). Dietary intake was compared
with the Dietary Recommended Intake (DRI) for adolescents aged 14–18.(14, 15)

Statistical analysis was conducted using SAS, version 9.1 (SAS Institute Inc, Cary, North
Carolina). As some dietary intake variables were not normally distributed, analyses were
compared between log transformed and un-transformed variables. Transformations did not
alter conclusions, so data are presented in original units. One iron intake value (723.76 mg)
at 1 year was determined to be an outlier and was removed from analysis. Sensitivity
analyses including only individuals with complete longitudinal data at all visits (n=7) were
also conducted, with no difference in conclusions; therefore, analysis included all available
data. Age, sex, race and follow-up BMI were tested as covariates, and were retained if
significant at p≤0.05.

Baseline comparisons between those with complete data (n=7) and those without (n=20)
were evaluated using non-parametric tests for categorical and continuous variables (Fisher’s
exact or Wilcoxon Signed-Rank respectively) due to small sample size. Dietary intake was
analyzed by visit using repeated measures generalized estimating equations (GEE, using
PROC GENMOD). GEE models account for correlations among multiple observations per
person while allowing for missing data, and are relatively robust to deviations from
normality. Least squares (LS) means (95% confidence intervals (CI)) or LS means ± SE
were calculated from GEE models adjusted for significant covariates, as noted. Pairwise
differences between visits were evaluated using a Bonferroni-corrected significance
threshold of p≤0.05/6=0.008. Marginal significance is indicated for p-values between 0.05
and 0.008. Significant differences from DRI were determined when the 95% CI excluded the
DRI.

Results
All subjects enrolled in this study underwent laparoscopic RYGB resulting in a mean BMI
reduction from 60 to 37 kg/m2 (Table 1). Twenty-four of the 27 subjects (89%) completed
food records at baseline, with fewer complete records at follow-up (n=16 at 2 weeks, n=11
at 3 months, n=9 at 1 year). The 7 subjects with complete data at all visits did not differ in
any characteristics from those with data missing (all p>0.17; Table 1). Follow-up BMI and
dietary intake also did not differ between groups, except at the 2 week visit post-surgery
when those with complete data reported higher percent kilocalorie intake of carbohydrate
(p=0.03) and lower percent intake of fat (p=0.02, data not shown).

Caloric and Macronutrient Intake
Adjusting for BMI at each visit, caloric intake at one year was 1015 ± 182 kcal/day, which
did not differ significantly from baseline (1555 ± 166 kcal/day, p=0.06; Figure). At baseline,
21 of 24 (88%) patients’ intake of protein met or exceeded DRI (46–52 g protein/day), but
few achieved DRI for protein intake (g/day) by 2 weeks (6 of 16, 38%) and 3 months post-
surgery (2 of 11, 18%). The proportion meeting the goal of ≤30% of calories from fat was
29% at baseline, 81% at 2 weeks, 27% at 3 months and 33% at 1 year.

Overall dietary macronutrient composition adjusting for BMI at each visit was not
significantly different between baseline and 1 year post-surgery (Figure). There was a trend
toward correlation between BMI change and total caloric intake at 1 year, but this finding
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was not statistically significant due to small sample size. At 2 weeks post-surgery, % fat
intake was lower than all other visits (all p≤0.0002), while % carbohydrate was marginally
higher than at 3 months (p=0.01). The % protein intake at 2 weeks was also significantly
higher than baseline (p<0.0001) or 1 year (p=0.008), and marginally higher than at 3 months
(p=0.04). Percent protein intake at 3 months was also significantly higher compared with
baseline (p=0.001), and by 1 year, % protein intake remained marginally higher than
baseline (p=0.02). Thus, while protein intake in g/day declines along with reduced caloric
intake, protein represents a greater proportion of the dietary intake throughout the first year
post-surgery compared with baseline.

Micronutrient Intake and Supplementation
At baseline, mean intake of vitamins B1 and B12 exceeded DRI levels, while intake of
vitamin E, calcium and fiber were deficient (Table 2). At 2 weeks post-surgery, fiber intake
remained deficient and declined further from baseline (p<0.0001), while all other
micronutrients met or exceeded DRI. Deficiencies in the calcium and fiber intake persisted
through 1 year, while iron, folate, vitamins E, D, B1, and B12 intake met or exceeded DRI
levels at all time points. Only vitamin B1 intake decreased significantly between baseline
and 1 year post-surgery (p≤0.008), likely corresponding to discontinuing the B1 supplement
at 6 months.

Supplementation of three key micronutrients was explored in relation to achieving DRI
levels (Table 2). Only 21% to 63% of individuals were taking recommended calcium
supplements at each visit. The proportion of subjects meeting calcium DRI levels was higher
among those taking supplements, which achieved significance at baseline (p<0.02) and for
all visits combined (p<0.0002, data not shown). Eleven to 64% of patients reported B12
supplementation at each visit. Importantly, all of those taking vitamin B12 supplementation
met DRI at each visit, compared with 25% to 88% at follow up visits who were not taking
supplements (p<0.0002 for all visits combined, data not shown). Iron supplementation did
not affect meeting DRI, perhaps due to limited iron supplementation (4–11% of participants
at each visit, 7% overall).

Discussion
This is the first study to prospectively examine the changes in dietary intake in adolescents
undergoing bariatric surgery and general results are reassuring. The data confirm that RYGB
severely restricts energy intake within the first 3 months post-operatively in adolescents, and
a reduced mean caloric intake is maintained at one year postoperatively, similar to
adults.(16–21) This indicates that these adolescents were able to maintain a similar level of
reduced caloric intake at one year follow-up, as they did when they were striving to meet a
pre-operative calorie restrictive diet.

Reported ranges of percent energy intake in adult patients at 12 months was highest from
carbohydrates (41 – 47%), followed by fat (30 to 42%) and protein (16 – 23%)(16–21),
consistent with the findings in this cohort of adolescents. Although percent intake of
carbohydrate, fat, and protein remained within or very near recommended DRI ranges,
absolute intake of all macronutrients fell significantly within the first 3 months. Therefore
absolute protein intake (g/day) was lower than recommended for adolescent patients at both
3 and 12 months post-operatively. At least 45% of the adolescents in the current study failed
to meet DRI thresholds for protein intake at any point post-operatively, consistent with
adults after RYGB.(22) Protein intake is a primary concern due to its role in maintaining lean
body mass during rapid weight loss. Based on these early findings, it is important to monitor
for adverse changes in lean mass. Given the differing conclusions drawn from evaluating
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absolute intake of protein (g/day) versus % protein intake, the relative importance of these
metrics on adolescent bariatric outcomes warrants further investigation.

Encouragingly, the DRI of many critical micronutrients including folate, iron, and vitamins
B1, B12, E and D, was maintained in this cohort of adolescents after bariatric surgery.
Nonetheless, the low intake of calcium and fiber is notable. Suboptimal adherence to
calcium supplementation is likely to play a role, as supplementation with calcium
significantly improved the likelihood of meeting the DRI threshold. Conspicuously, fiber
intake was very low both pre-and post-operatively, far below the DRI and mean levels in
U.S. adolescents aged 12–19 years (13–15 gm/day).(23) Fiber may be an important co-factor
to help promote satiety and weight loss and therefore of even greater importance to these
patients.

Limitations of this study include the small sample size, incomplete food records in some
subjects over time, and lack of serum measurements of micronutrients levels. Three day diet
records are an accepted and validated tool in outpatient energy intake research, despite
inherent imprecision in all self-report methods used to estimate caloric intake.(13, 24)

Although completion of food records declined over time, the subjects with complete dietary
data did not differ from those with incomplete data on demographics, BMI or dietary intake.
While this study evaluated total intake of micronutrients, including both food and oral
supplements, analysis of supplement use was limited to individual micronutrients (calcium,
B12 and iron), and did not include consideration of multivitamin supplementation. This was
a limitation of the nutritional analysis software which did not adequately separate out
micronutrients obtained from multivitamins from those obtained from food sources.
Assessment of clinical serum levels of micronutrients was attempted, but as serum
micronutrient labs are not part of the usual clinical regimen within the first post-operative
year and return for follow-up declined at 1 year time point, paired data were too limited to
be analyzed meaningfully. Future studies should include both dietary intake and serum
levels to better quantify absorption.

Conclusions
Mean energy intake at the end of the first post-operative year in adolescents remained
comparable to the reduced calorie preoperative diet recommended prior to bariatric surgery.
Percent intake of macronutrients remained unchanged at 1 year post-surgery, but absolute
intake of protein was low in many adolescents post-operatively. While the DRI of many
critical micronutrients including folate, iron, and vitamins B1, B12, E and D, was
maintained in this cohort of adolescents after bariatric surgery, calcium and fiber intake was
persistently lower than recommended. Adherence to calcium supplementation increased the
likelihood of meeting the daily minimal intake recommendation. Larger and longer
prospective studies will be needed to determine how well postoperative caloric intake
influences long-term weight trajectory in adolescents, and to what degree dietary intake of
both macro and micro-nutrients influences biochemical markers of nutritional adequacy.
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Figure.
Macronutrient composition of dietary intake at baseline (n=24), 2 weeks (n=16), 3 months
(n=11) and 1 year (n=9) post-surgery. Values (means and percents of total intake) presented
are from generalized estimating equations (GEE) models adjusted for body mass index
(BMI) at each visit, with least square (LS) means and 95% confidence intervaIs (CI) of total
kcal/day as follows: Baseline: 1555 (CI: 1230, 1880); 2 weeks: 552 (CI: 428, 675); 3
months: 625 (CI: 450, 801); 1 year: 1015 (CI: 658, 1373). Mean percent of total intake as
protein, carbohydrate and fat are indicated within each stacked bar. * p≤0.0001 compared
with baseline.
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Table 1

Demographic, dietary and BMI characteristics of the study cohort at baseline, by availability of complete data

Total Complete data Incomplete data

N 27 7 20

Age at surgery, years (mean ± SD]) 16.7 ± 1.4 16.6 ± 1.6 16.7 ± 1.5

Sex (% male) 33% 25% 57%

Race (% white) 77% 71% 79%

Baseline Dietary intake (mean ± SD)a

Kilocalories 1403 ± 786 1681 ± 1056 1289 ± 651

Carbohydrate (g) 168 ± 96 187 ± 127 160 ± 83

Protein (g) 72.8 ± 28.6 86.4 ± 26.7 67.2 ± 28.2

Fat (g) 58.1 ± 37.7 65.7 ± 55.7 55.0 ± 29.0

BMI (mean ± SD)bat:

Baseline 60.0 ± 14.1 62.5 ± 8.4 59.0 ± 15.9

2 weeks 53.7 ± 12.0 54.8 ± 7.3 53.1 ± 14.4

3 months 46.8 ± 8.6 45.6 ± 5.8 49.0 ± 13.0

1 year 36.6 ± 7.5 35.8 ± 7.3 39.3 ± 10.6

a
Includes all individuals (n=24) with baseline dietary data (n=7 complete longitudinal data, n=17 incomplete longitudinal data)

b
Includes all individuals with data at each study visit
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