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Abstract

Background: Nutritional and food intake assessments 
before and after bariatric surgery may be important to 
correct eating habits and nutritional deficiencies. 

Aim: To assess the efficiency of the 24-hour food re-
call (24hR) form as a fast method for assessing nutri-
ent intake before and after a Roux-en-Y gastric bypass 
(RYGB). 

Methods: This study analyzed data from 10 obese pa-
tients with type 2 diabetes mellitus (T2DM). Food intake 
(calories, macronutrients, and micronutrients) before 
and 3 months after RYGB were assessed with the 24hR 
as well as the seven-day food record (7dR) as the gold 
standard reference. Virtual Nutri Plus® software was 
used to quantify nutrients. 

Results: The 7dR data revealed deficits in the estimat-
ed intake of total fiber and 14 out of 22 micronutrients 
pre- and postoperatively, combined; the 24hR failed to 
detect intake deficits in only two of these micronutrients 
(vitamins A and B3). Other postoperative deficits includ-
ed carbohydrates, vitamin B1, copper, and iron, on which 
the 24hR was sensitive to only the iron deficit. In our 
pre- versus post-operative comparison analyses, the 7dR 
revealed decreases in total calories, carbohydrates, total 
and all subclasses of fat and fiber, and 12 micronutrients; 
in the analogous comparison analyses, the 24hR failed to 
detect decreases in the ingestion of monounsaturated and 
saturated fats and in six of these micronutrients. 

Conclusions: In obese T2DM patients, the 24hR per-
formed reasonably well for probing nutrient intake 
before and after RYGB, but is not recommended for 
tracking changes over time, including pre- versus post-
operative deficits. 
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Eficacia del instrumento de 
recordatorio de comidas de 24 horas 

para la evaluación de la ingesta de 
nutrientes antes y después de bypass 

gástrico en Y de Roux.

Resumen 

Introducción: Las evaluaciones nutricionales y de 
ingesta de comida antes y después de cirugía bariátri-
ca puede ser importante para corregir hábitos de ali-
mentación y deficiencias nutricionales.

Objetivo: Evaluar la eficacia del formulario de recor-
datorio de alimento de 24 horas (24hR) como método 
rápido de evaluación de ingesta de nutrientes antes y 
después de bypass gástrico en Y de Roux (RYGB).

Métodos: Este estudio analizó datos de 10 pacientes 
obesos con diabetes mellitus de tipo 2 (T2DM). Se evaluó 
la ingesta de alimentos (calorías, macronutrientes y mi-
cronutrientes) antes y 3 meses después de RYGB con el 
24hR además del registro de alimentos de siete días (7dR) 
como patrón de referencia estándar. Se utilizó el software 
Virtual Nutri Plus® para cuantificar los nutrientes.

Resultados: Los datos del 7dR revelaron deficiencias 
en la ingesta estimada de fibra total y 14 de 22 micro-
nutrientes pre- y postoperación, combinados; el 24hR 
no pudo detectar deficiencias de ingesta en solo dos de 
estos micronutrientes (vitaminas A y B3). Otras deficien-
cias postoperatorias incluyeron carbohidratos, vitamina 
B1, cobre y hierro, sobre las que el 24hR detectó solo la 
deficiencia de hierro. En nuestros análisis comparativos 
pre- y post-operación, el 7dR reveló descensos en calorías 
totales, carbohidratos, grasas totales y todas las subclass-
es de grasa y fibra, y 12 micronutrientes; en los análisis 
comparativos análogos, el 24hR no logró detectar descen-
sos en la ingesta de grasas monoinsaturadas y saturadas 
y en seis de estos micronutrientes.

Conclusiones: En pacientes obesos con T2DM, el 24hR 
funcionó razonablemente bien demostrando la inges-
ta de nutrientes antes y después de RYGB, pero no se 
recomienda para registrar cambios a lo largo del tiempo, 
incluyendo deficiencias pre- y postoperación.
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2010 to December 2012 for elective RYGB participa-
ted in the study. All 10 patients had diagnoses of T2DM 
(fasting plasma glucose > 126 mg/dL and hemoglobin 
A1c > 7%) and were using oral anti-diabetic medica-
tions. Each patient underwent standardized RYGB wi-
thout rings with biliary-pancreatic loops (50–60 cm) 
and feed handles (100–120 cm). Exclusion criteria in-
cluded the intra-gastric presence of Helicobacter pylori 
bacterium, exogenous insulin use, thyroid disease, and 
concurrent participation in other clinical trials. 

Dietary assessment

Dietary assessments were performed one week be-
fore surgery and three months after RYGB. Food in-
take was determined via a 24hR5 and the 7dR5. The 
24hRl was performed during interviews with two tra-
ined nutritionists (M.M. and P.C.S.), excluding wee-
kend days. For the 7dR, the types and amounts of food 
and beverages consumed were self-recorded over se-
ven consecutive days, including one weekend. 

For both assessments, amounts of food were recor-
ded in cooking units (teaspoons, cups, etc.) in accor-
dance with the book “Consumo Alimentar – Visuali-
zando Porções” (Food Consumption book - Viewing 
Portions)7. During interviews with the nutritionists 
(average time, 90 minutes), patients were instructed on 
how to use the book and how to recognize and record 
consumed foods correctly. All patients were given the 
book to take home. In addition, the dietitians called 
each patient by phone every 2 days to improve 7dR 
recordkeeping. The assessment data were entered into 
a computerized database and checked by two different 
investigators (M.M. and P.C.S) to reduce the risk of 
digitation errors. Virtual Nutri Plus®8 software was 
used to calculate total calories and amounts of macro-
nutrients and micronutrients. 

The following nutritional components were analyzed: 
total calories, protein, carbohydrates, total fat, saturated 
fat, monounsaturated fat, polyunsaturated fat, choleste-
rol, total fiber, soluble fiber, insoluble fiber, vitamins 
A, B1, B2, B3, B5, B6, B12, C, D and E, calcium, 
copper, folate, iodine, iron, magnesium, manganese, 
phosphorus, potassium, selenium, sodium, and zinc. A 
food chemical composition table developed by Phili-
ppi9 and the Brazilian food chemical composition table 
(Tabela Brasileira de Composição de Alimentos)10 were 
used to determine food chemical composition. Pre- and 
postoperative deficits in nutritional consumption were 
determined in relation to the Dietary Reference Intakes 
(DRIs) determined by the Food and Nutrition Board of 
the Institute of Medicine11. 

Statistical analyses

Sample homogeneity was determined for all va-
riables using the Kolmogorov-Smirnov test. Compa-

Introduction

Obesity is a multifactorial metabolic disease associa-
ted with life-threatening and debilitating comorbidities, 
including type 2 diabetes mellitus (T2DM)1,2. The long-
term results of traditional weight loss therapies inclu-
ding diet, exercise, and drug treatments are relatively 
poor in patients with obesity1. Bariatric surgeries are cu-
rrently the most effective intervention for obese patients 
with a body mass index (BMI) ≥ 35 kg/m2 associated 
with two or more comorbidities or a BMI ≥ 40 kg/m2. 

Bariatric surgeries can lead to substantial and sus-
tained weight loss and can improve or eliminate obe-
sity-associated comorbidities1,3. Restricted food intake 
after bariatric surgery can be an important factor in 
long-term control of body weight, but it can also ag-
gravate pre-existing nutritional deficits and contribute 
to the onset of new nutritional deficiencies4. Therefore, 
food and nutrient intake is an important component of 
patient monitoring in nutritional bariatric follow-up.

The seven-day food record (7dR), the gold standard 
for nutrient intake, provides detailed information re-
garding food ingestion patterns. However, the 7dR as-
sessment can be complex. Indeed, it requires not only 
literate, but also motivated and trained patients to re-
gister and identify the types and amounts of foods they 
ingest correctly. It also requires considerable time for 
the patient to record the data5,6.

Relative to the 7dR, the 24-hour food recall (24hR) 
is easier to apply and provides faster results. Howe-
ver, considering the restricted 24hR period and exter-
nal influences on food intake recording, it may be less 
sensitive than the 7dR and less representative of the 
patient’s typical food intake patterns, especially if a 
weekend day is evaluated5,6. This study evaluated the 
efficiency with which the 24hR identified nutritional 
deficits in obese patients with type T2DM, before and 
after Roux-en-Y gastric bypass (RYGB).

Methods

Ethical considerations

The current study is part of a larger clinical 
trial registered in the Clinical Trials Database (ID: 
NCT01251016). This study was performed according 
to the ethical recommendations of the Declaration of 
Helsinki, and the Ethical Committee of the University 
of São Paulo School of Medicine. All patients enrolled 
in the study provided written, informed consent.

Patients

Ten adult (18–60 years old) obese patients (BMI >35 
kg/m2) who were admitted to the gastrointestinal surgery 
division of the Hospital das Clínicas at the University of 
Sao Paulo Medical School (ICHC-FMUSP) from April 
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risons between pre- and postoperative periods were 
made with paired t-tests or Mann-Whitney tests. An 
alpha level of 0.05 was considered statistically signifi-
cant in all cases. Analyses were performed using the R 
program (version 3.0.2)12. Mean values are reported in 
tables with standard deviations (SDs).

Results

Nutritional intake deficiencies before  
and after bariatric surgery

Descriptive data for the patients (10 women, 32–54 
years old) are provided in Table I. General nutritional 
data obtained before and three months after bariatric 
surgery with the 24hR and the 7dR are presented in 
Table II. Both food-recording tools revealed preope-
rative deficits in total fiber, vitamins B5, B6, D, and 
E, calcium, folate, iodine, magnesium, manganese, 
phosphorus, potassium, selenium, and zinc, relative to 
DRIs. Preoperative deficits in vitamins A and B2 were 
observed only with the 7dR, and deficits in vitamins 
B1 and B3 were observed only in the 24hR data.

All nutrient intake deficits identified before RYGB 
were maintained in the postoperative measurements 
by both instruments, with the notable exceptions of 
vitamins B1 and B3 which had been revealed only by 
the 24hR preoperatively, but were observed only with 
the 7dR postoperatively. New postoperative nutritional 
deficiencies that were not observed in the preoperative 
data but were observed postoperatively included de-
ficiencies in iron, copper, and carbohydrates with the 
7dR and iron and vitamins B12 and C with the 24hR. 

Decreases in nutritional intake between before  
and after RYGB 

Our comparison analyses of the 24hR data revealed 
no significant differences in the consumption of calo-
ries or total macronutrients in the patients’ pre- versus 
postoperative nutrient intake data (p > 0.05). Conver-
sely, the gold standard 7dR data comparisons did show 
decreased ingestion of calories, carbohydrates, total 
fat, and total fiber postoperatively (p < .05 vs. pre-ope-
rative). No differences in protein consumption were 
detected with either instrument (p > .05). The 24hR 
data comparisons showed decreased intake of polyun-
saturated fat (p = .004) and of both soluble (p = .009) 
and insoluble (p = .015) fiber, whereas the 7dR data 
comparisons showed decreased intake of mono- (p = 
.007), poly- (p = .001), and saturated (p = .014) fats 
as well as decreased intake of both soluble (p = .007) 
and insoluble (p = .026) fiber between the preoperative 
and postoperative time points. No changes in choles-
terol consumption were detected between the pre- and 
postoperative time points by either method (p > .05).

Surgery-related differences in vitamin consumption 

were also documented. The pre- versus post-operative 
24hR data comparisons showed decreased intake of 
vitamin E (Fig. 1A) and vitamin B6 (p = .024) after 
the procedure. The pre- versus postoperative 7dR data 
comparisons showed decreased intake of vitamins E 
(Fig. 1B), B1, (p = .002) and B3 (p = .004) after the 
procedure. No significant changes in consumption of 
vitamins A, B2, B5, B6, B12, C, and D were detected 
with either tool (p > .05).

Some surgery-associated changes in mineral con-
sumption were detected. Both the 24hR and the 7dR 
pre- versus postoperative data comparisons showed 
decreased ingestion of iron, folate, magnesium, man-
ganese, and potassium postoperatively (Fig. 1). The 
7dR pre-versus postoperative data comparisons also 
showed decreased intake of copper, phosphorus, sele-
nium, and sodium postoperatively (all p ≤ 0.05). No 
significant changes were found between the two time 
points for calcium, iodine, and zinc consumption with 
either tool (all p > 0.05).

Discussion

Early detection of deficient intake of macronutrients 
and micronutrients has relevance for clinical follow up 
of severely obese patients. The efficiency of the 24hR 
method, relative to the 7dR gold standard method, was 
assessed in obese patients with T2DM in the present 
study. We found that the 24hR had sensitivity to iden-
tify deficits in nutrient intake before and after RYGB, 
but not to identify the risk of future deficits related to 
the effects of the surgery.

Habitual consumption of high fat diets and swee-
tened beverages are associated with decreased dietary 
intake of fiber, vitamins A, C and D, calcium and fo-
late in obese subjects13-15. The 7dR data was efficient 
to detect preoperative deficiencies in the intake of all 
these nutrients as well as the 24hR, except for vita-
min A. Thus, our findings suggest that the 24hR can 
identify nutritional deficits in obese patients and are in 
accordance with a previous study showing decreased 

Table I
Descriptive baseline data of studied patients*

Variable Mean Value ±  
Standard Deviation

Age, y 46.5 ± 6.6

Height, m 1.6 ± 0.1

Weight, kg 114.8 ± 15.0

BMI 45.7 ± 4.1

Waist circumference, cm 128.4 ± 13.4

Resting energy expenditure (Kcal) 203 ± 241.2

Resting energy expenditure per kg 17.8 ± 2.2
*Obese women with T2DM (n = 10)
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Table II
General nutritional data from 24hR and 7dR before and three months after RYGB

Nutrient DRI values11
Preoperative Postoperative

24hR 7dR 24hR 7dR

CAL - 1458.0 ± 428.1 1519.1 ± 291.5 1161.3 ± 512.9 995.3 ± 276.5

PTN 46.0 61.2 ± 15.0 63.7 ± 10.4 56.9 ± 22.4 49.9 ± 17.3

CHO 130.0 179.6 ± 72.9 199.9 ± 35.1 141.0 ± 79.1 118.6 ± 32.6

TFAT - 54.8 ± 18.8 54.8 ± 14.8 41.5 ± 21.7 37.6 ± 10.6

SFAT - 13.9 ± 8.6 16.4 ± 4.9 11.8 ± 8.1 10.8 ± 3.7

MFAT - 13.1 ± 6.1 14.7 ± 3.9 9.5 ± 4.9 9.6 ± 3.3

PFAT - 14.2 ± 5.2 11.7 ± 2.9 9.4 ± 5.0 7.9 ± 1.7

CHOL - 215.4 ± 217.7 173.5 ± 51.4 117.2 ± 56.2 124.2 ± 57.2

TFIB 21.0 12.5 ± 6.9 16.8 ± 6.6 7.9 ± 3.2 10.1 ± 3.7

SFIB - 2.1 ± 1.5 1.9 ± 0.7 0.8 ± 0.5 1.3 ± 0.8

IFIB - 3.7 ± 2.7 3.5 ± 1.4 1.4 ± 1.0 2.3 ± 1.0

VITA 700.0 1947.6 ± 4598.7 645.3 ± 684.7 189.9 ± 137.4 520.4 ± 605.8

VITB1 1.1 0.9 ± 0.6 2.0 ± 1.7 1.5 ± 1.4 0.9 ± 0.5

VITB2 1.1 1.1 ± 1.6 0.9 ± 0.3 0.6 ± 0.4 0.7 ± 0.4

VITB3 14.0 13.1 ± 5.6 15.1 ± 4.2 14.3 ± 19.6 8.6 ± 3.0

VITB5 5.0 2.5 ± 2.4 1.9 ± 0.5 1.6 ± 0.8 1.7 ± 0.7

VITB6 1.5 1.2 ± 0.6 1.0 ± 0.3 0.7 ± 0.3 0.8 ± 0.3

VITB12 2.4 18.6 ± 44.3 2.9 ± 4.9 1.23 ± 1.4 3.7 ± 6.6

VITC 75.0 112.2 ± 145.9 467.0 ± 1094.7 70.4 ± 56.4 134.0 ± 112.6

VITD 15.0 0.7 ± 0.8 4.5 ± 11.6 1.1 ± 1.3 0.5 ± 0.4

VITE 15.0 10.7 ± 4.6 8.8 ± 2.4 6.1 ± 5.5 6.2 ± 2.1

CALC 1200.0 457.7 ± 233.2 535.8 ± 166.1 580.3 ± 233.0 578.1 ± 214.2

COPP 0.9 2.3 ± 3.3 6.7 ± 18.9 36.4 ± 113.8 0.5 ± 0.3

FOL 400.0 127.5 ± 85.0 134.6 ± 37.3 59.4 ± 31.8 92.9 ± 41.3

IOD 150.0 13.4 ± 13.0 16.9 ± 14.5 29.2 ± 34.2 26.3 ± 15.9

IRO 8.0 9.6 ± 3.6 8.9 ± 1.3 4.7 ± 2.2 6.0 ± 2.1

MAGN 320.0 138.9 ± 30.8 153.0 ± 32.0 98.3 ± 44.3 101.2 ± 32.5

MANG 1.8 1.2 ± 0.5 1.3 ± 0.4 0.7 ± 0.6 0.8 ± 0.2

PHOS 700.0 557.4 ± 165.3 631.0 ± 175.3 474.7 ± 235.8 444.1 ± 158.6

POT 4.7 1.6 ± 0.3 1.7 ± 0.4 1.0 ± 0.4 1.2 ± 0.4

SEL 55.0 49.7 ± 33.1 45.9 ± 10.3 34.5 ± 34.2 26.6 ± 15.8

SOD 1.3 3.0 ± 0.7 3.1 ± 0.4 2.7 ± 0.6 2.5 ± 0.5

ZIN 8.0 7.8 ± 4.0 6.5 ± 1.8 4.4 ± 4.7 5.0 ± 2.2

Abbreviations – CAL: calories (Kcal); PTN: protein (g); CHO: carbohydrates (g); TFAT: total fat (g); SFAT: saturated fat (g); MFAT: 
monounsaturated fat (g); PFAT: polyunsaturated fat (g); CHOL: cholesterol (mg); TFIB: total fiber (g); SFIB: soluble fiber (g); IFIB: insoluble 
fiber (g); VITA: vitamin A (RE); VITB1: vitamin B1 (mg); VITB2: vitamin B2 (mg); VITB3: vitamin B3 (mg); VITB6: vitamin B6 (mg); 
VITB12: vitamin B12 (µg); VITC: vitamin C (mg); VITD: vitamin D (µg); VITE: vitamin E (mg); CALC: calcium (mg); COPP: copper (mg); 
FOL: folate (µg); IOD: iodine (µg); IRO: iron (mg); MAGN: magnesium (mg); MANG: manganese (mg); PHOS: phosphorus (mg); POT: 
potassium (g); SEL: selenium (µg); SOD: sodium (g); ZIN: zinc (mg).
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Fig. 1.—Summary of changes in micronutrient intake 
before versus three months after RYGB as determined 
by the 7dR and 24hR intruments. A, B) Vitamin E. C, D) 
Iron. E, F) Magnesium. G, H) Folate. I, J) Manganese. 
K, L) Potassium. 
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ingestion of vitamin D and calcium using the 24hR for 
three days before bariatric surgery16.

Several deficiencies in biochemical levels and micro-
nutrient intake have been reported after RYGB, inclu-
ding deficiencies in vitamins A, D, and B12, calcium, 
folate, and zinc17-24

.
 Deficits in consumption of these 

and other 10 micronutrients were observed by both the 
24hR and the 7dR in the present study. Postoperative 
deficiencies in the intake of carbohydrates, vitamins 
B1 and B3, and copper were identified with the 7dR. 
However, insufficient vitamin C intake was observed 
only with the 24hR, perhaps due to an underestimation.

A postoperative deficit in vitamin B12 intake was 
also observed only with the 24hR, consistent with a 
prior report25. We did not find any studies using the 
7dR to identify changes in B12 consumption after 
RYGB, but one study did report deficits in vitamin B12 
ingestion after bariatric surgery with a 4-day record26. 
Interestingly, one of our patients reported consuming 
fried beef liver, a very rich source of vitamin B12, in 
the 7dR, which may have biased the 7dR toward an 
overestimate of B12 consumption. 

Our pre- versus postoperative comparison of 7dR 
data revealed decreases in the consumption of energy 
and of all macronutrients, except protein, whereas the 
24hR data detected decreases only in the consump-
tion of subclasses of fat and fiber. Decreases in total 
calories, carbohydrates, and fat intake27,28 and in total 
fiber29 have also been observed by others with single 
or repeated 24hR, with or without inclusion of a wee-
kend day. On the other hand, our findings contrast with 
prior reports of decreased protein intake postoperati-
vely with the 24hR27,28. Our findings in regards to pro-
tein intake may have differed from these prior reports 
due to differential application of this instrument and 
the prior studies conducting evaluations with a longer 
postoperative follow-up delay. 

In our study, the pre- versus postoperative compari-
son of 7dR was also more sensitive than the 24hR for 
identifying decreases in the intake of micronutrients 
(e.g. vitamin B1, iron, and selenium) postoperatively. 
These changes are consistent, in part, with the findings 
of Rossi and colleagues who found significant decrea-
ses in the intake of iron, zinc, vitamin B12, and vi-
tamin B1 in women after RYGB with a 4-day record 
instrument26. Additionally, Mercachita et al. found 
a significant decrease in iron intake using the 24hR 
one and two years after RYGB25, whereas Freeth et al. 
found a significant decrease in selenium intake three 
months after RYGB with a 3-day record instrument30. 

Low levels of iron, vitamin B12, vitamin D, and cal-
cium have been described after RYGB previously31. In 
the present study, the pre- versus postoperative com-
parison of both the 24hR and 7dR revealed significant 
decreases in iron intake postoperatively, but neither 
provided evidence of postoperative changes in intake 
of vitamin B12, vitamin D, or calcium. However, it 
should be noted that preoperative intake of vitamin D 
and calcium were already lower than recommended 

levels before surgery and remained lower at postope-
rative in our cohort, which may have prevent further 
decrements from being significant.

Our study has some limitations. Firstly, our cohort 
was limited to adult obese woman who had elected to 
undergo RYGP. Similar results may not be achieved 
in more demographically diverse populations or with 
patients who elect to under other types of bariatric sur-
gery. Secondly, although both the 24hR and the 7dR 
are validated, well established, and widely used ins-
truments, it is possible that they may be less reliable in 
obese patients than in healthy weight subjects due to a 
propensity among obese individuals to underestimate 
food intake. However, every dietary survey tool has 
advantages and disadvantages, and none are immune 
to underestimation of intake. Additionally, the 24hR 
depends on patients’ memories, the reliability of which 
is likely variable in relation to several factors including 
age and educational level5. The patients in our study 
spanned several educational levels: three had comple-
ted a college degree, four had completed high school 
only, and three had not completed high school. Given 
that the reliability of the 7dR depends on patients be-
ing literate, motivated, and properly trained in repor-
ting types and amounts of food5, educational level may 
be an important factor in the reliability of its results. 
Importantly, the patients in this study were well trained 
in this regard and monitored for this purpose.

Previous studies have used the 24hR and 3- and 
4-day food intake records, as well as food frequency 
questionnaires (Table III) to assess nutrient intake be-
fore and after RYGB. As far as we know, prior studies 
have not used the 7dR for this purpose5,17,18,26,32,33,34-36, 
perhaps because it is relatively more time consuming to 
interpret. Although the accuracy of the 7dR depends on 
patients’ abilities, dedication, and training, it remains 
the gold standard for food consumption recording. 

In conclusion, the 24hR was sensitive enough to de-
tect deficits in the intake of 13 out of 15 nutrients iden-
tified as deficient with the 7dR before RYGB (≅86.7%) 
and 15 out of 19 nutrients identified as deficient with the 
7dR postoperatively (≅79.0%), but detected decreases 
in the ingestion of only 12 of the 20 nutrient deficiencies 
identified with the 7dR over both time points combi-
ned (≅40%). Thus, our data suggest that the 24hR may 
be appropriate for probing nutrient intake status before 
and after RYGB, but is likely insufficient for long-term 
preventing of nutrient intake deficits after RYGB for 
failing to track pre-versus postoperative eating changes.
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