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Abstract
Background—There is some evidence that bariatric surgery patients who undergo the purely
restrictive procedures, such as the gastric banding (GB) or vertical banded gastroplasty surgery, do
not meet the dietary reference intakes for several nutrients. Whether dietary counseling improves
micro- and macro-nutrient intakes was examined in GB surgery patients.

Methods—Twenty-three GB surgery patients received dietary and behavioral counseling for 12
weeks to limit energy intake and improve nutrient intakes. Food intake was assessed by 3-d food
record at baseline and 6 and 12 weeks. Post-intervention data were available in 21 patients.

Results—At baseline, more than 50% of the subjects reported inadequate dietary intakes of 13
nutrients but over-consumption of sodium and percent energy from saturated and trans fatty acids.
Mixed effects model for repeated measures revealed a significant reduction in energy (p=0.0007),
absolute protein (p=0.04), cholesterol (p=0.045), and potassium (p=0.01) intake and an increase in
vitamin K (p=0.03) intake and percent energy from protein (p=0.005) over the 12 weeks.
McNemar test showed a reduction in the proportion of subjects with an inadequate intake of
vitamin K (p=0.008) but an increase in the proportion of subjects with an inadequate intake of
thiamin (p=0.03) at 12 weeks. The proportion of subjects who did not meet the nutrient
requirements for the remaining 27 nutrients was generally high and remained unchanged.

Conclusions—Dietary intervention improved the intake of some nutrients in GB surgery
patients. However, most nutrient intake requirements remained unmet by many subjects. These
results indicate that nutritional counseling beyond 12 weeks is warranted in GB surgery patients to
improve their dietary nutrient intakes.
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Introduction
Gastric banding (GB) surgery is considered to be an effective treatment for severe obesity
(defined as body mass index (BMI) of ≥ 40 kg/m2) and the co-morbidities associated with
this condition1–3. There is some evidence that bariatric surgery patients who undergo the
purely restrictive procedures, such as the gastric banding (GB) or vertical banded
gastroplasty (VBG) surgery, do not meet the dietary reference intakes for several nutrients.
Colles and colleagues4 who followed GB surgery patients for 12 months post-operatively,
reported a substantial decrease in protein intake and the mean protein intake was below the
recommended reference value at the end of the study. The authors did not provide data on
the micro-nutrient and some of the macro-nutrient intakes, however. More recently McGrice
and Porter5 followed GB surgery patients for 12 months post-operatively and reported a high
intake of total and saturated fat at 12 months. Many of their subjects did not meet the protein
requirement at 12 months. Data on micro-nutrient intakes were not provided but the authors
speculated that a low protein intake may co-exist with dietary zinc, iron, and B12 deficiency.
Trostler and colleagues6 collected dietary data in patients who had undergone VBG surgery
and reported that the dietary intake of many micro-nutrients decreased and was below the
reference intakes at 12 months post-operatively. In all three studies, the patients had
received varying amounts of standard dietary counseling as part of their routine care. The
reduction in dietary protein and micro-nutrient intake following purely restrictive procedures
may be due to reduced food intake, food intolerance, and non-compliance to nutritional
recommendations7–11.

It is not known whether dietary and behavioral counseling focused on meeting the nutrient
requirements as well as restricting energy intake will lead to an improvement in the dietary
macro- and micro-nutrient intakes in GB surgery patients. This is important to examine
since poor nutrition is linked to a number of chronic conditions such as cardiovascular
disease12, 13 and this relationship may not be modulated with vitamin and mineral
supplements14. In addition, according to one systematic review on nutrient intakes following
GB surgery15, the lack of dietary intervention studies in this population preclude the
development of evidence based dietary strategies that may help to optimize their health
outcomes.

The aim of the present study was to examine the effect of dietary counseling on changes in
nutrient intakes in GB surgery patients. We hypothesized that dietary counseling would lead
to a decrease in energy intake and improvement in dietary macro- and micro-nutrient intakes
in these patients.

Materials and Methods
Subjects

Twenty-three GB surgery patients underwent dietary counseling. The eligibility criteria
included having undergone bariatric surgery at least 12 weeks earlier, having a BMI of 35
kg/m2 or more, being 18–65 y old, and being sedentary (exercising < 20 min/day over the
past 12 weeks). Exclusion criteria included weighing > 180 kg, having functional limitations
that would preclude exercise, taking weight loss medications, presence of serious
cardiovascular disease, uncontrolled hypertension, hematocrit < 30%, chronic kidney
disease, untreated thyroid disorders, severe pulmonary disease, or major neuro-psychiatric
illnesses, pregnancy, lactation, or taking recreational drugs. All subjects signed the informed
consent approved by the Institutional Review Board of UT Southwestern Medical Center.
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Experimental Design
This study involved a non-controlled design examining the effect of dietary and behavioral
counseling over 12 weeks on macro- and micro-nutrient intakes in GB surgery patients. The
data were obtained from a 12 weeks study on the feasibility and efficacy of exercise in
bariatric surgery patients. The data on the feasibility and efficacy of the exercise program
have been published elsewhere16. Subjects in both the exercise and control groups
underwent the same dietary intervention to restrict energy intake and improve the dietary
macro- and micro-nutrient intakes. The change in nutrient intakes over 12 weeks was not
different between the exercise and control groups and the two groups were combined.

Dietary Intervention
The subjects received individual dietary counseling, in person and/or by telephone, every
two weeks. Each session lasted approximately 30 minutes. The counseling was provided by
an investigator with a doctorate in nutrition (MS).

All subjects were instructed to limit their energy intake to 1200–1500 kcal/d and to follow
the dietary recommendations by the American Society for Metabolic and Bariatric Surgery
(ASMBS) for GB surgery patients7, 17 and the Dietary Guidelines for Americans18 as
described below. To restrict their energy intake, the subjects were asked to limit food
portion sizes, energy dense foods, energy containing beverages, and foods prepared using
high-fat cooking methods. To enhance satiety, they were asked to take at least 20 min to eat
the main meal, not drink during and 30 min before and after a meal, consume at least 60 g of
protein per day, and include some fiber rich foods in meals. According to Raftopoulos et
al.19, compliance with the protein requirement is associated with an improved percentage of
lean body mass in bariatric surgery patients during weight loss. To meet the protein
requirement, the subjects were instructed to consume fish, poultry without skin, lean meats,
and egg whites, and to consume the protein rich foods before the carbohydrate or fat rich
foods. The subjects were also instructed to include in their diet at least 5 servings of fruit
and vegetables per day, especially green leafy and orange and deep yellow vegetables, peas
and beans, a minimum of 2 servings of fatty fish such as Atlantic salmon, anchovies,
sardines, rainbow trout, or tuna per week, and 2 liter (64 oz.) of water sipped in small
amounts throughout the day. Other instructions included choosing whole-grains versus
refined grains, low-fat versus higher fat dairy, and oils such as canola and olive oil, and
limiting foods high in saturated fats, trans fatty acids, cholesterol, and sodium.

The patients were asked to take multivitamin-mineral supplements as recommended by the
American Society for Metabolic and Bariatric Surgery7, 20. This included calcium and
vitamin D as well as multivitamin-mineral supplements.

Behavioral Therapy
The subjects received standard behavioral therapy including goal setting, self-monitoring,
stimulus control, eating behavior, stress management, cognitive behavioral strategies, and
problem solving and relapse prevention. The behavioral counseling was provided on an
individual basis along with dietary counseling and by the same investigator (MS).

Measurements
Information on demographics and health history was collected at baseline. Data on dietary
intake, supplement use, and blood nutrient levels were collected at baseline and 6 and 12
weeks.
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Dietary and Nutrient Intake Assessment
Dietary intake was evaluated by 3-d food record, a valid measure for assessing food
intake21. The subjects were instructed to keep a detailed record of their food and drink
intake and the amounts consumed on two weekdays and one weekend day. They were asked
to use kitchen scales and/or household measures such as cups and spoons and the serving
size information provided on the processed food labels to assess portion sizes. They
recorded their food intake on a 3-day food record booklet provided.

The 3-day food records were analyzed using the University of Minnesota Nutrition Data
System for Research (NDSR) (version 5.0–3.5). The food records were analyzed by one of
the investigator (SR) and a research assistant and were checked by another investigator
(MS). The nutrient analysis software program includes over 18,000 foods including 7,000
brand name products. The ingredient choices and preparation methods provides more than
160,000 food variants.

The proportion of subjects who were at a risk for inadequate nutrient intakes was ascertained
as recommended for groups by determining the percentage of subjects who had nutrients
intakes below the Estimated Average Requirement (EAR)22. EAR is a Dietary Reference
Intake (DRI)23–29 and has been set by the Institute for Medicine (IOM) for vitamins A, C, D,
and E, thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12, calcium, copper, iron,
magnesium, phosphorus, selenium, and zinc. For nutrients without EAR standards, the
prevalence of inadequate/high intake was determined using other references including
Adequate Intake (another DRI) for linoleic acid, alpha-linolenic acid, fiber, vitamin K,
pantothenic acid, potassium, and sodium, the Dietary Guidelines for Americans for
cholesterol and % energy from saturated fat30, the American Heart Association guidelines
for eicosapentaenoic acid (EPA) plus docosahexaenoic acid (DHA) and % energy from trans
fat31, and the American Society for Metabolic and Bariatric Surgery guideline for protein (at
least 60 g/d)7, 8.

Vitamin and mineral supplement use was determined by self-report. The data on supplement
use was not included with the total dietary nutrient intakes since the goal of the study was to
assess the effect of dietary counseling on dietary nutrient intakes.

Serum Indicators of Nutritional Status
Fasting serum iron, magnesium, phosphorus, potassium, calcium, total protein, albumin
hemoglobin, and hematocrit levels were assessed by Quest Diagnostics (Irving, TX). The
proportion of subjects who had deficient serum nutritional values was determined by
comparing the serum levels for each of these variables with the respective reference ranges
published by the U.S. National Library of Medicine and the National Institutes of Health32.

Statistical Analyses and Power
The effect of dietary counseling on energy and nutrients intakes was assessed by mixed
effects model for repeated measures. The change in nutrient intake from baseline to 6 and 12
weeks was assessed by differences of least square means. The nutrient intakes are presented
as medians and ranges. The change in the proportion of subjects who did not meet the
nutrient intake requirements from baseline to 6 and 12 weeks was assessed using the
McNemar test.

Mixed effects models for repeated measures were also used to examine the effect of
ethnicity (non-Hispanic whites vs. others), education level (high school or less vs. some
college or more), time since surgery (< 1 y vs. ≥ 1 y), presence or absence of type 2 diabetes,
hypertension, or dyslipidemia, and whether or not the patient underwent banding
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adjustments during the study on energy intake. The results showed no interaction effect
between time and any of the above variables. The trends in energy intake over time
remained the same within the different categories of the above variables. Only unadjusted
data are presented in the results.

Two subjects who did not provide nutrition data after baseline were excluded from the
analyses. All analyses were carried out using SAS statistical software, version 9.2 (SAS
Institute, Cary, NC).

Power analysis showed that a sample size of 17 subjects will have 90% power to detect a
reduction in energy intake of 500 kcal between baseline and 12 weeks with a standard
deviation of 600 kcal16. Based on this calculation, our sample size (n=21) had a 95% power
to detect a 500 kcal change in energy intake over 12 weeks.

Results
Subject descriptive characteristics are presented in Table 1. Average (mean ± SD) age was
49.3 ± 10.5 y. Ninety-one percent of the subjects were female and 57.1% were non-Hispanic
Whites. The subjects would be classified as severely obese based on their mean BMI. The
mean duration since surgery was 1.8 ± 1.5 y. Prevalence of diabetes, hypertension,
hypercholesterolemia, low levels of high density lipoprotein cholesterol, and
hypertriglyceridemia was 4.8%, 57.1%, 52.4%, 38.1%, and 23.8%, respectively.

Six subjects underwent banding adjustments and they underwent the procedure only once
during the study. Details on the band type and condition at the time of insertion are not
available. No complications of surgery during the study were reported other than
gastroesophageal reflux disease in 6 subjects at baseline and 4 subjects at 6 and 12 weeks
and cholelithiasis in one subject at baseline. Body weight (mean±SD) was 108.6 ± 16.5 kg at
baseline, 107.1 ± 16.3 kg at 6 weeks, and 104.5 ± 14.4 kg at 12 weeks. Body weight was
significantly (p<0.05) lower at 6 and 12 weeks compared to the baseline value.

The reported energy and dietary macro-nutrient intakes are presented in Table 2. Energy
intake, percent energy from protein, absolute protein intake, and cholesterol intake changed
significantly over 12 weeks. Energy and cholesterol intake decreased at 6 (p=0.0002 and
p=0.02, respectively) and 12 (p=0.03 and p=0.04, respectively) weeks compared to the
respective baseline value. Percent energy from protein increased at 6 weeks (p=0.02) and 12
weeks (p=0.006) whereas absolute protein intake decreased at 6 weeks (p=0.03) compared
to the respective baseline value. Percent energy from trans fatty acids was not significantly
different over 12 weeks (p=0.12) but the value at 12 weeks was significantly lower
(p=0.049) compared to the baseline value. Linoleic acid intake also did not change
significantly over 12 weeks (p=0.06) but the intake at 6 weeks was significantly lower
(p=0.02) compared to the baseline value. There was no significant change in the intake of
percent energy from total fat and saturated fat, linolenic acid, EPA+DHA, and dietary fiber
over 12 weeks.

The reported dietary micronutrient intakes are presented in Table 3. Over the 12 weeks, a
significant change in micronutrient intake was only seen for vitamin K and potassium. The
subjects reported consuming more vitamin K at 12 weeks (p=0.009) and less potassium at 6
weeks (p=0.003) and 12 weeks (p=0.03) compared to the respective baseline value. In
addition, the subjects reported consuming significantly less thiamin (p=0.03), riboflavin
(p=0.03), selenium (p=0.047), and sodium (p=0.02) intake at 6 weeks compared to the
respective baseline value.
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The proportion of subjects who did not meet the nutrient requirements is shown in Table 4.
At baseline, more than 50% of the subjects reported inadequate dietary intakes of 13
nutrients but over-consumption of sodium and percent energy from saturated and trans fatty
acids. There was a significant decrease in the proportion of subjects who did not meet the
nutrient requirement for vitamin K at 12 weeks (p=0.008) compared to the baseline value.
The proportion of subjects who had an inadequate intake of thiamin increased significantly
at 12 weeks (p=0.03) compared with the baseline value. There was no significant change in
the proportion of subjects who did not meet the nutrient requirements for the remaining
nutrients over 12 weeks.

Most subjects (71.4%) reported taking vitamin and mineral supplements throughout the
study. At least 86% of the subjects, however, did not meet the recommended supplement
requirement for calcium with vitamin D at baseline, 6 weeks, or 12 weeks.

The proportion of subjects whose serum nutritional parameters were below the reference
ranges is presented in Table 5. There was no change in the proportion of subjects who did
not meet the serum nutritional reference ranges for any of the variables at either 6 or 12
weeks compared to baseline value. However, many subjects did not meet the reference
ranges for hemoglobin and hematocrit at 12 weeks.

Discussion
Several beneficial changes in nutrient intakes were seen over 12 weeks. Reported energy
intake decreased by more than 500 kcal per day. Advising GB surgery patients to decrease
energy intake is important since Sjostrom et al.33 have reported a progressive increase in
daily energy intake from 1,500 kcal at 6 months to approximately 2,000 kcal at 4 and 10 y
following bariatric surgery (authors included patients with GB, Roux-en-Y gastric bypass,
and VBG surgery) and this is associated with weight regain.

Percent energy from protein increased at follow-up. The absolute protein intake, however,
decreased at 6 weeks and nearly 60% of the subjects were not meeting their absolute protein
requirement of 60 g per day at either 6 or 12 weeks. Similar findings have been observed by
three studies in which either GB or VBG surgery patients had received standard dietary
counseling as part of their routine care. Colles and colleagues4 reported an increase in
percent energy from protein but a decrease in the absolute protein intake at 12 months post-
operatively in GB surgery patients and the absolute mean protein intake was below the
recommended reference value. McGrice and Porter5 reported that many GB surgery patients
did not meet the protein requirement at 12 months following surgery. Lastly Trostler et al34

observed a steep decline in percent energy intake from protein at 1 month followed by an
increase to baseline values at 9 months post-operatively in patients who underwent VBG
surgery. The percent energy from protein at 9 months was similar to the values seen at
follow up in our study. The authors did not provide data on the absolute protein intake,
however.

Cholesterol intake was reduced by about 25% at 6 and 12 weeks and most subjects did not
exceed the reference intake for cholesterol at follow-up. Percent energy from trans fat was
also reduced at 12 weeks. Most subjects, however, consumed more than the recommended
amount of energy from trans fat at follow-up indicating a need to further emphasize the
importance of limiting intake of trans fat. The reduction in cholesterol intake in GB surgery
patients is corroborated by a study in non-bariatric surgery patients35 which reported a
significant reduction in cholesterol intake following implementation of a cholesterol-
lowering diet. No information on trans fatty acids was provided, however. Data on change in
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cholesterol and trans fat intake have not been reported in subjects who underwent either GB
or VBG surgery.

Another beneficial contribution of the intervention was a 62% increase in vitamin K intake
at 12 weeks and a decrease in the proportion of subjects who were not consuming enough
vitamin K from 86% at baseline to 43% at 12 weeks. Another study in non-bariatric surgery
patients, however, did not find any improvement in the proportion of subjects who had an
inadequate intake of vitamin K following an 8 weeks intervention in which the subjects were
asked to follow the Ornish diet, a diet rich in plant foods36. It is unclear why the Ornish diet
did not lead to an increase in this vitamin since vitamin K is found in plant foods. In our
study there was an emphasis on consuming green leafy vegetables which is a very rich
source of vitamin K. There is no comparison data on change in micro-nutrient intakes in GB
surgery patients. Comparison data on micro-nutrient intakes in VBG surgery patients is not
available for certain micro-nutrients such as vitamin K. Sodium intake tended to decline
from baseline by about 30% but only significantly so at 6 weeks. Nevertheless a majority of
the subjects consumed more than the adequate intake at follow-up suggesting the need for
continued intervention in this area. These results are similar to a 3 y hypertension prevention
study in which a large decrease in sodium intake was observed in subjects who were
randomized to either an energy restriction or energy and sodium restriction group37.

There were several less desirable dietary changes during follow-up. Thiamin intake
decreased by 15% at 6 weeks and more subjects were not meeting their thiamin intake
requirement at 12 weeks compared to baseline. The subjects also decreased their intake of
potassium throughout the study and linoleic acid, riboflavin and selenium at 6 weeks. There
was no change in the proportion of subjects who did not meet the requirements for these
nutrients, however. Nevertheless most of the subjects were not meeting their requirement for
potassium and linoleic acid at follow-up. Trostler and colleagues6 also reported low intakes
of thiamin, riboflavin (in men only), and selenium (in women only) at 12 months post-
operatively in VBG patients. Data on potassium and linoleic acid were not reported,
however.

The intervention did not change the proportion of subjects who did not meet the nutrient
requirements for the remaining nutrients. Many subjects, however, did not meet the
requirement for saturated fat, alpha-linolenic acid, EPA+DHA, dietary fiber, vitamin A, C,
D, and E, niacin, vitamin B6, folate, vitamin B12, pantothenic acid, calcium, copper, iron,
magnesium, phosphorus, and zinc at 6 and/or 12 weeks. Trostler and colleagues6 reported
low intakes of vitamins A, D, E (women only), B12, and B6 (men only), niacin, folate,
pantothenic acid, phosphorus (men only), magnesium, iron, calcium (men only), zinc, and
copper at 12 months post-operatively in VBG surgery patients. Information on saturated fat,
alpha-linolenic acid, EPA+DHA, and dietary fiber was not provided. McGrice and Porter38

noted a high intake of percent energy from saturated fat at 12 months post-operatively in GB
surgery patients.

This study highlights a number of dietary issues that need to be addressed further when
counseling GB surgery subjects. An emphasis on consuming more protein rich foods such as
poultry without skin, fatty fish, lean meats, egg whites, low fat dairy, and legumes is
warranted to meet the absolute protein requirement. This will also help to improve the intake
of a number of minerals and some vitamins that were low in our subjects at follow-up. Fatty
fish intake will also improve the intake of EPA and DHA. Emphasis on including more
fruits, vegetables, whole grains, and nuts in the diet will further enhance the micro-nutrient
content of the diet as well as increase the intake of dietary fiber. Limiting solid fats and
partially hydrogenated fats to a greater extent than that seen in our study is necessary to
prevent consuming too much energy from saturated and trans fats. The solid and partially
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hydrogenated fats can be replaced by vegetable oils such as canola and olive oils. These oils
together will help to increase the omega-3, omega-6, and omega-9 content of the diet.
Patients also need to further limit their intake of processed foods to reduce intake of sodium.
All of the above emphases are recommended while controlling total energy intake. The
current dietary guidelines by the ASMBS for GB surgery patients focus largely on lowering
energy intake and maintaining an adequate protein intake with lesser or no emphasis on the
other recommendations that we have made above. In addition, the protein intake goal of at
least 60 g per day set by the ASMBS is not based on strong evidence and so it is uncertain
what the optimal protein requirement is. More evidence based information on dietary issues
in GB surgery patients may help to refine the dietary recommendations for this population.

Most subjects reported taking daily multi-vitamin and mineral supplements. This may
counteract some of the dietary nutritional deficiencies observed during the study.
Supplement use, however, would not address other shortcomings of a poor diet such as the
phytochemical content of the diet or the link between a poor diet and chronic disease14.
Analysis of blood nutrition status did not reveal any change in the proportion of subjects
whose serum nutritional values were below the reference ranges. However, many subjects
had lower than normal levels for hemoglobin and hematocrit at 12 weeks. Although less
common than in Roux-en-Y gastric bypass surgery patients39, several studies have reported
serum nutritional deficiencies related to thiamin, beta-carotene, vitamins E, selenium, and
potassium in GB or VBG surgery patients6, 40–42. Avsar et al.43 have also reported iron
deficiency anemia in 32% of VBG patients following nutritional counseling. The inability of
many of our subjects to meet the dietary and serum nutrient references, despite dietary
counseling, further highlights the importance of providing ongoing dietary counseling,
emphasizing the need to meet the recommended supplement requirements, and carefully
monitoring serum nutritional status as recommended by the American Society for Metabolic
& Bariatric Surgery7, 20.

Food intake in the present study was assessed by a 3-day food record, a validated measure
for assessment of dietary intake21. Nevertheless, the method has some limitations including
under-reporting and food selection bias21, 44. Under-reporting has been shown to increase
following weight loss interventions45. There is also the possibility of under-reporting due to
social desirability bias. Under-reporting may contribute to some underestimation of nutrient
intakes. To minimize the issues of food selection bias and under-reporting, the subjects were
instructed to follow their usual food habits on the days that they recorded their food intake
and any uncertain or incomplete information (e.g., lack of mention of snacks/drinks) in the
food records was promptly addressed by questioning the subjects. The dietary data were also
analyzed using an advanced nutrition analysis software program for research which probes
for detailed data entry.

Other limitations include a pre-post design without a control group. This study is the first
study, however, to examine whether a dietary intervention to restrict energy intake and
enhance the quality of the diet improves macro- and micro-nutrient intakes in GB surgery
patients and provides some evidence based data in this area. More rigorously designed
studies are needed, nonetheless. The sample size is limited and larger controlled intervention
studies need to be conducted to improve the generalizability of the results. Another
limitation is subject heterogeneity. Adjusting for the duration since bariatric surgery, number
of band adjustments, presence of certain health conditions, ethnicity/race, and education,
however, did not affect the change in energy intake over time. In addition, having a more
heterogeneous sample makes the results more generalizable. The counseling was offered by
only one counselor with a track record in designing and implementing intervention studies.
Results from this study may not be extrapolated to practitioners with different levels of
experience in dietary intervention. Having one counselor in our study, however, ensured
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consistency of messages received by the subjects. It is possible that the impact of the dietary
intervention was diluted by the fact that some of the subjects were also asked to exercise at
the same time. We do not believe this to be the case, however, since there was no difference
between the dietary versus the dietary and exercise intervention group in their nutrient
intakes. The intervention was offered at an individual level. Whether a group based
intervention to instruct and motivate the subjects leads to better adherence to the dietary
guidelines remains to be evaluated. Lastly, the study was conducted for only 12 weeks
without any further follow-up. A longer intervention and follow-up period is needed to
determine if the intervention can be sustainable. It may be appropriate to begin the
intervention before one year post-surgery, since Sjostrom et al.33 have shown that weight
regain starts to occur around 1 year after GB surgery.

In conclusion, our study showed a reduction in energy, absolute protein, cholesterol, and
potassium intake and an increase in vitamin K and percent energy from protein over 12
weeks in GB surgery subjects. At follow-up there was a decrease in the proportion of
subjects who did not meet the requirement for vitamin K but an increase in the proportion
who had an inadequate intake of thiamin. In addition most nutrients requirements, including
the absolute protein requirement, remained unmet by many subjects. Further emphasis on
consuming appropriate foods to meet the nutrient requirements and use of protein, vitamin,
mineral, and omega-3 fat supplements is warranted in these patients.
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Table 1

Descriptive characteristics of the gastric banding surgery subjects (n=21)

Variables

Age (y) 49.3 ± 10.5

Female (%) 91

Race/Ethnicity (%)

  White, non-Hispanic 57.1

  Black 33.3

  Hispanics 9.5

Body Mass Index (kg/m2) 41.1 ± 6.2

Duration from GB Surgery (y) 1.8 ± 1.5

Health Conditions (%)

  Type 2 Diabetes 4.8

  Hypertension 57.1

  Hypercholesterolemia 52.4

  Low levels of high-density lipoprotein cholesterol 38.1

  Hypertriglyceridemia 23.8

Values are means with standard deviations unless otherwise specified.
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Table 2

Energy and dietary macro-nutrient intake in gastric banding surgery subjects (n=21)

Nutrient Baseline 6 Week 12 Week P Value1

Energy (kcal) 1646 (301–2617) 1071 (499–1684)2 1120 (612–1833)4 0.0007

Protein (% energy) 16.9 (11.4–28.3) 19.6 (12.7–32.9)4 21.6 (15.7–28.7)3 0.005

Protein (g) 67.3 (16.2–103.6) 55.0 (26.8–80.9)4 59.4 (36.2–96.1) 0.04

Total fat (% energy) 37.3 (23.2–53.6) 37.1 (16.9–54.2) 40.1 (19.1–48.4) 0.33

Saturated fat (% energy) 13.7 (8.5–20.4) 10.9 (3.7–23.0) 12.9 (6.0–18.6) 0.51

Trans fatty acids (% energy) 2.3 (0.6–4.1) 1.9 (0.6–3.9) 1.8 (0.7–3.2)4 0.12

Linoleic acid (g) 9.8 (1.3–31.9) 6.7 (2.6–16.1)4 6.8 (1.8–24.4) 0.06

Linolenic acid (g) 1.0 (0.2–2.3) 0.9 (0.2–1.7) 0.8 (0.4–1.9) 0.23

EPA+ DHA (mg) 50.0 (0–720.0) 60.0 (0–995.0) 78.3 (3.3–736.7) 0.54

Cholesterol (mg) 249.1 (135.9–601.5) 182.0 (49.9–482.5)4 189.5 (61.9–436.7)4 0.045

Fiber (g) 9.5 (2.5–16.9) 9.6 (5.3–23.7) 10.3 (6.4–19.1) 0.17

Values are shown as medians with minimum and maximum values in parenthesis.

1
Change in intake over 12 weeks was assessed by repeated measures analysis.

2
P<0.001 compared with the baseline value.

3
P<0.01 compared with the baseline value.

4
P<0.05 compared with the baseline value.
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Table 3

Dietary micro-nutrient intake in gastric banding surgery subjects (n=21)

Nutrient Baseline 6 Week 12 Week P Value1

Vitamin A (µg) 432.3.1 (129.5–4789.9) 452.7 (173.3–1740.8) 529.3 (218.1–804.6) 0.68

Vitamin C (mg) 42.7 (9.7–154.9) 38.4 (10.2–159.0) 58.9 (25.2–131.8) 0.88

Vitamin D (µg) 2.7 (0.6–22.2) 1.9 (0.9–14.2) 2.3 (1.1–7.8) 0.37

Vitamin E (mg) 4.8 (1.1–10.9) 4.2 (1.9–16.4) 4.7 (1.5–11.5) 0.71

Vitamin K (µg) 59.3 (19.3–172.3) 53.8 (26.6–609.9) 96.2 (26.3–503.8)2 0.03

Thiamin (mg) 1.3 (0.3–1.9) 1.1 (0.5–1.5)3 0.9 (0.7–2.1) 0.09

Riboflavin (mg) 1.4 (0.5–4.4) 1.2 (0.5–1.7)3 1.2 (0.6–2.3) 0.09

Niacin (mg) 16.6 (3.6–27.7) 13.5 (5.3–24.2) 14.2 (8.7–24.3) 0.29

Vitamin B6 (mg) 1.3 (0.3–2.0) 1.2 (0.6–2.1) 1.2 (0.7–2.0) 0.49

Folate (µg) 323.9 (75.2–665.6) 294.4 (125.0–852.9) 343.5 (206.6–634.0) 0.72

Vitamin B12 (µg) 3.8 (0.7–32.2) 2.9 (1.3–7.8) 3.2 (1.2–6.6) 0.37

Pantothenic acid (mg) 3.8 (1.0–8.5) 3.1 (1.2–7.2) 3.0 (1.2–6.9) 0.29

Calcium (mg) 622.2 (157.6–2697.6) 533.2 (165.0–1373.8) 585.3 (348.5–1193.3) 0.61

Copper (µg) 888.0 (313.3–2353.3) 746.7 (426.7–1143.3) 826.7 (346.7–1700.0) 0.12

Iron (mg) 9.6 (3.0–16.9) 9.2 (3.9–20.2) 9.5 (7.0–21.5) 0.19

Magnesium (mg) 211.1 (56.3–300.6) 166.6 (115.3–352.6) 196.3 (96.4–500.7) 0.33

Phosphorus (mg) 1001.9 (301.5–2372.5) 866.9 (501.1–1203.6) 901.8 (500.5–1884.0) 0.15

Selenium (µg) 87.0 (20.5–140.6) 66.6 (30.7–155.2)3 69.5 (45.8–139.1) 0.13

Zinc (mg) 8.3 (2.1–14.8) 7.7 (2.3–17.9) 6.9 (4.4–18.0) 0.26

Potassium (mg) 2119.8 (606.3–3486.6) 1589.8 (857.4–2475.3)2 1731.4 (1077.7–2316.4)3 0.01

Sodium (mg) 3125.2 (754.2–4287.4) 2293.6 (721.9–4480.3)3 2155.0 (1226.5–4240.6) 0.06

Values are shown as medians with minimum and maximum values in parenthesis.

1
Change in intake over 12 weeks was assessed by repeated measures analysis.

2
P<0.01 compared with the baseline value.

3
P<0.05 compared with the baseline value.
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Table 4

Proportion of gastric banding surgery subjects (n=21) who did not meet the macro- and micro-nutrient intake
requirements

Nutrient Baseline 6 Week 12 Week

Protein 38 58 57

Saturated fat (% energy) 90 68 79

Trans fat (% energy) 90 84 93

Linoleic acid 67 89 79

Alpha-linolenic acid 57 84 86

EPA+DHA 90 84 86

Dietary cholesterol 33 16 21

Dietary fiber 100 95 100

Vitamin A 67 63 50

Vitamin C 67 68 50

Vitamin D 90 95 100

Vitamin E 100 95 100

Vitamin K 86 79 431

Thiamin 29 47 502

Riboflavin 19 16 29

Niacin 19 26 29

Vitamin B6 33 53 43

Folate 43 58 36

Vitamin B12 14 16 29

Pantothenic Acid 86 89 93

Calcium 81 79 86

Copper 33 32 43

Iron 14 21 14

Magnesium 90 84 86

Phosphorus 14 16 14

Selenium 14 11 0

Zinc 33 47 50

Potassium 100 100 100

Sodium 90 79 86

Change in proportion of subjects at risk of deficiency from baseline to 6 and 12 weeks was assessed by the McNemar test.

1
P<0.01 compared with the baseline value.

2
P<0.05 compared with the baseline value.
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Table 5

Proportion of gastric banding surgery subjects (n=21) who did not meet the serum nutritional references
ranges

Serum Baseline 6 Week 12 Week

Iron 14 19 12

Magnesium 0 0 0

Phosphorus 0 0 0

Potassium 5 0 12

Calcium 0 0 0

Albumin 10 0 6

Total Protein 5 0 0

Hemoglobin 35 10 53

Hematocrit 20 0 41

There was no change over 12 weeks in the proportion of subjects who did not meet the serum nutritional guidelines as assessed using the McNemar
test.
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