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Abstract

:

In depth understanding of the dietary patterns of individuals with obesity is needed in practice and research, in order to support dietitians and physicians in the design and implementation of nutritional management. We aimed to analyze the consistency of energy, macro-, and micronutrient reported intakes in four non-consecutive 24-h dietary recalls from 388 adults with obesity using information collected in the NutriGen Study (ClinicalTrials.gov, NCT02837367). Significant decreases were identified for reported energy and several, macro- and micronutrient intakes, between the first and subsequent 24-h recalls. Significant differences of reported intakes were identified in sensitivity analyses, suggesting that the first recall (also the only one performed on site, face-to-face) might be a point of bias. A comparison of the differences in intakes between weekend and weekday, after adjustment for false discovery rate were non-statistically significant either in male, females, or in total. To overcome this potential bias, studies should be carefully conducted, starting from the design phase, through to the analysis and interpretation phases of the study. Prior to averaging specific intakes across all sessions of reporting, a preliminary analysis must be conducted to identify if a certain time point had significant differences from all other time points and overview potential sources of bias: reporting bias, training bias, or behavioral changes could be responsible for such differences.
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1. Introduction


Twenty-four hour dietary recalls provide metrics of estimated food intake, necessary for studies that link nutrient intake to diseases or other health-related outcomes. The multiple pass 24-h recall method used for estimating food intake has been proven to be a reliable method for the estimation of nutritional intakes in individuals with obesity [1,2]. Usually, several 24-h recalls are needed, in order to provide sufficient time to capture intra-individual intake variations. The recommended number of 24-h recalls varies, depending on the outcome of the study, ranging from a minimum of two (for the comparison of protein and potassium intake between European countries [3]) to a maximum of 10–15 days when assessing comprehensive diets across a six month period [4]. Jackson et al.l [5] suggested a maximum of eight 24-h recalls in an overweight and obese population, in order to reduce random errors.



Several authors have underpinned that the simple averaging of several 24-h dietary intakes is not a suitable method to account for systematic errors in the design of the study. This method is useful only to account for random errors in this type of assessment. Therefore, through a carefully planned design, some sources of known bias on the measurement of intake such as gender, age, body mass index (BMI), day of the week, or rural or urban location can be accounted for [6,7].



Underreporting of food intakes has been acknowledged as a source of bias and has been associated with higher BMI or body fat percent, feminine gender, and social desirability [8,9,10]. Even when dietary restraint practices were related to lower energy and fat reporting, this did not modify the accuracy of the method [11]. Several studies support the idea that attentional bias toward food cues is increased in individuals with obesity [12]. Interventional studies have proven that this attentional bias in individuals with obesity can be altered in both directions [13,14].



Little is known about whether the order of the subsequent recalls could be a specific factor to account for when assessing bias, or whether the order of recalls would induce behavior changes through alterations of attentional bias to the interviewed individuals. The purpose of this study was to evaluate the consistency of reported energy, macro-, and micronutrient intakes in a series of four 24-h recalls in adults with obesity.




2. Materials and Methods


2.1. Recruitment of Subjects


Data represent the estimated food intake collected with a broader scope within the NutriGen Study (ClinicalTrials.gov NCT02837367), performed in Timisoara, Romania. For the current study, 197 men and 212 women were selected form the original cohort of 204 men and 217 women. The inclusion criteria for the NutriGen Study were: adults (age 18–70 years), with obesity (BMI ≥ 30 kg/m2), abdominal circumference ≥84 cm in women and ≥90 cm in men, dyslipidemia with total serum cholesterol ≥200 mg/dL, HDLc ≤50 mg/dL in women and ≤40 mg/dL in men, serum triglycerides ≥150 mg/dL or treatment for dyslipidemia (e.g., statins, fibrates, omega 3 fatty acids, cholestyramine, ezetimibe) or for type 2 diabetes. Exclusion criteria consisted of the prior diagnosis of cancer, autoimmune disease, psychiatric, blood coagulation disorders, and history of drug and alcoholic abuse, as previously presented elsewhere [15]. The participants were under medical surveillance and treatment for these conditions at the time of recruitment, which took place from September 2016 to December 2018.




2.2. Dietary Intake Assessment


The personnel involved (interviewers) in the dietary assessment procedures received specialized training from one experienced person to ensure the accuracy of the collection and data entry. Trained physicians and medical students collected the estimates of dietary intakes using a 5-pass 24-h dietary recall method [1,2]. The assessment evaluated the food intakes for the previous day by assessing type/composition/brand, quantity (either in international units or estimated using usual household measurements), and hour of the day for each food or drink. This information was recorded on paper using a pre-established template and standard operating procedure. A total of 1587 24-h dietary recalls were collected, representing up to four days of food intake assessment for each participant. Except for the first 24-h recall, which was performed face-to-face during the baseline visit, the other 24-h recalls were performed at various intervals during the study over the telephone, without prior announcement. For the purpose of this study, 388 adults were included who had complete sets of four 24-h recalls. The median timeframe for the included recalls was 62 days, with an interquartile range (IQR) of 56.5 days. Of the four dietary recalls, three recalls were performed during weekdays (Monday to Friday), and one on a day of the weekend (Saturday or Sunday). Food intake estimates obtained from the recalls were converted into nutrient intakes using Nutritioapp (https://nutritioapp.com, accessed 22 September 2021) [16], a web-application using data from both the USDA Food and Nutrient Database for Dietary Studies, and from European and Romanian databases, as previously described [15]. Subjects were on ad libitum diets during the recording of all 24-h recalls.




2.3. Anthropometry, Biochemistry, and Diagnostic of Chronic Diseases


During the baseline visit, the weight, height and abdominal circumference were measured using international standards, and blood samples were collected in the morning, following overnight fasting of at least 8 h, in EDTA sterile vacutainers. Among other biochemical assessments, total cholesterol (TC) and triglycerides (Tg) were determined following the manufacturer’s protocols, as previously described [17]. Total serum lipids (TSL) were estimated using Philips’s formula TSL (g/l) = 2.27 × TC + Tg + 0.623 [18]. The diagnostic of associated chronic diseases had been previously established by specialist physicians and were recorded from medical documents.




2.4. Data Analysis


Data analysis was performed using the IBM-SPSS version 25 software (IBM, Armonk, NY, USA). The Kolmogorov–Smirnoff test was used to test for normal distribution. Variables were expressed as the mean and standard deviation or as medians and interquartile range. The Mann–Whitney test was used for comparing two level factors. Proportions of participants with associated chronic diseases were compared using the chi-square test. Proportions of weekend/weekdays days in each 24-h recall set were compared using chi-square, and statistical significance was adjusted using the Bonferroni method. For each participant, three 24-h recalls performed on weekdays were also averaged and further used in analysis. Average nutrient intakes from four ordered 24-h recalls and averaged nutrient intakes from three 24-h recalls (resulting from the exclusion of either the first, second, third, or fourth ordered 24-h recall) were also used in the analyses. Three different types of models for repeated design were used separately each nutrient category: energy, macro-, and micronutrient intakes in the following circumstances: (1) the four ordered 24-h recalls; (2) the weekend and mean weekday intakes; (3) the mean of four 24-h recalls compared to mean of three 24-h (resulting from the exclusion of the first ordered 24-h recall); (4) the mean of four 24-h recalls compared to the mean of three 24-h (resulting from the exclusion of the second ordered 24-h recall); and (5) the mean of four 24-h recalls compared to the mean of three 24-h (resulting from the exclusion of the third ordered 24-h recall); and (5) the mean of four 24-h recalls compared to the mean of three 24-h (resulting from the exclusion of the fourth ordered 24-h recall). The general linear model and Wilcoxon-signed rank test were used for comparisons.



For the general linear model, results of pairwise comparisons between the four ordered 24-h recalls were adjusted using the Sidak method. All results were also adjusted for false discovery rate (FDR) using an online tool (https://tools.carbocation.com/FDR, accessed 15 March 2020) [19], which adjusted the p-values to the number of comparisons per research hypothesis. After the adjustments, the new p-values < 0.05 were considered statistically significant. For size effect interpretation, r was calculated and interpreted according to Cohen’s criteria: for r = 0.10–0.30, there was a small effect size; for r = 0.30–0.50, there was a medium effect size; and for r > 0.50, there was a large effect size [20].





3. Results


The baseline measurements are presented in Table 1 as averages stratified by sex. The cohort had a median age of 56.20 years (interquartile range, IQR: 23.0 years, with 54.0 years—IQR: 29 years for males and 57.0 years—IQR: 19 years for females) and a median body mass index (BMI) of 35.2 kg/m2 (14.7 kg/m2) kg/m2 (33.9 kg/m2—IQR:14.2 kg/m2 for males and 36.7 kg/m2—IQR:14.7 kg/m2 for females).



3.1. Model 1: Order of 24-h Recalls and Nutrient Intakes


Median timeframes and their IQRs between the first and second, second and third, and third and fourth 24-h recalls were 17.0 (15.0), 19.00 (18.0), and 20.00 (23.0) days, respectively. Estimated mean intakes of energy and of 36 macro- and micronutrients are presented for each 24-h dietary recall in Table 2. For each variable, the differences between the ordered recalls were assessed for statistical significance using general linear models. Significant differences were identified between 24-h recalls, after FDR correction, for energy, carbohydrates, vitamin C, calcium, fiber, folates, potassium, and total sugar. The estimated intakes for vitamin C, folates, fiber, and total sugar were different between recalls 1 and 4, while all other differences identified were between recalls 1 and 2. Figure 1 illustrates the mean values for thee energy and macronutrients for each recall, while Figure 2 shows the mean values for the micronutrient intakes found to be significantly different between recalls. Sex was considered as a between-subjects factor. All interactions between sex and time factors were not statistically significant (p > 0.05).




3.2. Model 2: Weekend vs. Weekday Intakes


We tested whether the presence of weekend days was balanced between ordered recalls, in order to identify a potential bias that could be associated with the differences previously identified. Weekend days represented 12.0% of the first ordered 24-h recall, 11.3% of the second ordered 24-h recall, 10.6% of the third ordered 24-h recall, and 66.0% of the fourth ordered 24-h recall. Except for the fourth ordered 24-h recall, which had a significantly higher proportion of weekend days compared to previous recalls (p > 0.0083), no significant differences were observed after Bonferroni correction (p < 0.0083 as significance threshold) between the first, second, or third recalls.



General linear models used the energy and nutrients from weekend intakes versus the mean intake values of the three weekdays. Significant interactions were observed between sex and type of day of the week, and therefore, the analysis presented in Table 3 was stratified by sex. Table 3 presents the means of energy and nutrients, with a 95% confidence interval of means. Differences in intakes between weekend and weekday for each gender were compared with the Wilcoxon-signed rank test and, after adjustment for FDR, were non-statistically significant either in male, females, or in total.




3.3. Model 3: Exclusion of the First 24-h Recall


In this model, the comparison was made between the mean of recalls with the first 24-h recall excluded, and the mean of all 24-h recall. Table 4 presents the effect size of the differences between the mean of recalls when the first 24-h recall was omitted and the mean of all 24-h recalls. Exclusion of the first 24-h recall determined an increase in the mean of several nutrients, statistically significant after FDR correction for fibers, folates, potassium, and a decrease in the mean of vitamin B12, EPA (eicosapentaenoic acid), DHA (docosahexaenoic acid), and ALA (alpha-linolenic acid) (Table 4) after FDR correction.




3.4. Model 4: Exclusion of the Second 24-h Recall


Because the second ordered 24-h recall was identified to have differences in reported intakes of energy and carbohydrates when compared to the first ordered 24-h recall, we sought to evaluate whether, by omitting the second ordered 24-h recall, significant changes could be identified when compared to the means from all four recalls. Table 4 indicates the size effect and statistical significance of the differences in mean intakes for the complete set of recalls and for the mean intakes of recalls from which the second 24-h recall was excluded. Results indicated an increase in the mean of 24-h recalls when second ordered recall was excluded, which was significant for energy, protein, fat, carbohydrates, vitamin C, vitamin D, iron, calcium, magnesium, total water, fiber, vitamin K, vitamin B12, folates, betaine, choline, copper, phosphor, manganese, potassium, sodium, EPA, DHA, total sugars, fatty acids total saturated, LA (linoleic acid), and ALA (Table 4).




3.5. Model 5: Exclusion of the Third 24-h Recall


In this model, the comparison was made between the mean of recalls, when the third 24-h recall was omitted, and the mean of all 24-h recall. Excluding the third 24-h recall from the total means determines an increase in the mean of several nutrients, statistically significant after FDR correction for vitamin C, vitamin K, betaine, EPA, and DHA (Table 4).




3.6. Model 6: Exclusion of the Fourth 24-h Recall


Excluding the fourth 24-h recall from the total means determined an increase in the means of several nutrients, statistically significant after FDR correction for vitamin C, vitamin D, vitamin A, iron, calcium, magnesium, fiber, vitamin K, thiamine, riboflavin, folates, vitamin B12, pantothenic acid, betaine, copper, fluor, phosphor, manganese, zinc, EPA, DHA, total sugars, vitamin E, and ALA (Table 4).





4. Discussion


4.1. Misreporting in Food and Drink Consumption


This is the only study, to the best of our knowledge, which investigated the consistency of energy, macro-, and micronutrient estimated intakes between four non-consecutive 24-h recalls in Romanian adults with obesity. It is also one of the few studies worldwide to explore these consistencies. In discussing how these results should be interpreted, several aspects were considered. Misreporting in both directions (over- and under-reporting) has been previously reported from people with obesity, with underreporting being more prevalent [21]. Estimation of underreporting in 24-h recalls by using recovery biomarkers was considered between 12% to 23%, much lower than in other types of dietary assessment [22,23,24,25]. Random error in dietary assessment represents day-to-day variability due to different daily patterns of food intakes, and can be accounted by averaging intakes from several 24-h recalls [6,26,27]. Therefore, the decrease reported in the second and fourth 24-h recalls was tested for consistency by a sensitivity analysis presented through models 3–6 and in Table 4). Systematic error in dietary assessment includes measurements that are shifted in the same direction from the true value. It has been shown that the systematic errors influence 24-h recalls to a lesser extent, and can be accounted for by collecting and controlling for known potential confounders such as day of the week, gender, age, BMI status, etc. [6,26,27].




4.2. Controlling for Systematic Bias across Multiple Days


A decrease in intakes across multiple days of assessment has been reported by others using food diaries [28,29]; however, there are no studies that have reported the same changes in individuals with obesity using 24-h recalls. In our dataset, the energy and carbohydrate intakes (in which a reduction of reporting was observed after the first recall) and fat and protein intakes (in which similar intakes were observed) support the results found by Arab et al. in a series of eight days of evaluation [4,28] and by Whybrow [29], who reported that the energy decrease in four days of food diary was greater in individuals with obesity compared to lean individuals. The decreased reporting in a series of 24-h recalls could be explained by subjects becoming aware of their intakes in the process of declaring the intakes, also known as training bias (the “big brother” effect). However, the same findings could also be due to reporting fatigue, or could reflect genuine changes in eating habits, induced by the fact that subjects become more aware of their diets and the importance of healthy eating, influence that then subsides or diminishes during subsequent recalls (third and fourth).




4.3. Controlling for Systematic Bias across Weekday versus Weekend 24-h Dietary Recalls


The origin of differences reported in energy and carbohydrate intakes, specific to the second recall, and to the fourth recall, respectively, is not clear. Such differences could reflect true variation in intakes. However, the second to fourth 24-h recalls were performed for each individual on different days of the week, with no obvious reason to consider that such differences could arise from a different distribution between weekends and weekdays. Our analysis indicated that these differences could not be determined by the distribution of weekends in the first two recalls; however, the fourth recall had a significantly higher proportion of weekends than the other recalls. Furthermore, we did not identify differences in nutrient intakes between weekends and weekdays (Table 3). Similarly, studies performed in other countries reported that the day of the week had little impact on the variance of reported values [4,28]. Recently, Gibson et al. discussed many causes of misreporting and measurement errors in self-administered 24-h recalls [6]. In this study, efforts were made to minimize this bias by ensuring specialized training performed by one experienced tutor. Nevertheless, the first recall was performed during a face-to-face visit, while the others were performed via telephone. The validity and relative reliability of face-to-face versus telephone 24-h recalls were found to be similar in several older studies [30,31,32,33], but more recently, Brassard et al. [34] noticed, using a web based method for measuring intake versus face-to-face interviews, higher reported intakes in the web-based method. Several publications have presented higher levels in attentional bias from food cues in individuals with overweight and obesity compared to normal weight individuals. Most of the results are consistent with the possibility of the attrition of attentional bias through several types of interventions including the modified food Stroop task, visual dot-probe tasks, the attentional network task and one-back visual recognition tasks, and even passive picture presentation [12]. In our sample, after the enrolment visit and first reporting of the 24-h recall, a reduction in food cues endogenous activation, leading to a reduced intake of food after this timepoint, while an effect of unknown duration might be another explanation of our findings.



Although the weekend/weekday discrepancies had been considered in previous studies on children [35,36], young women [37], middle life women [38], or the general population [39], to the best of our knowledge, this assessment has not been previously conducted in people with obesity, when looking at the differences between the order of recalls. Several publications agreed that weekend diet was lower in quality for both men and women [40,41,42]. The trend observed in men (Table 3) was similar to other results already published, suggesting that weekend intakes were higher than weekday intakes, but not necessarily reaching statistical significance [38,39,40]. For females, no difference was observed between weekdays and weekends, a result that is in contrast to results published in other studies, possibly suggesting cultural differences [38,39].




4.4. Controlling for Systematic Bias across First Time versus Repeated and Face-to-Face versus Phone Call 24-h Dietary Recalls


The differences reported in this study (Table 2 and Figure 1) between the first and second recalls and first and fourth, suggested a possible bias that required in-depth investigation. The exclusion of the first recall led to a decrease in the mean reported of several nutrients, but not for energy, nor macronutrients when compared to averages across all four recalls, with small size effects. The alternate exclusion of the second and fourth recalls led to an increase in mean reported energy and intakes for many nutrients when compared to averages across all four recalls, with small or small to medium size effects. In this context, three issues were considered: (1) If a systematic bias exists in the reported values of one specific ordered recall, and this bias cannot be ascertained to other known factors, should this recall be included in further analyses? (2) If this specific second recall is eliminated from the calculations, how does this change the reported energy and nutrient intakes that are considered further in the subsequent analyses? Our study suggests that the exclusion of the recall identified with order-specific bias would significantly change the reported intakes, and this could potentially create further methodological issues when intake data would be used for further analyses (Table 4); and (3) Could these differences be seen in the context of switching between face-to-face acquisition of intake and telephone interview? Although others have compared these methods for the general population, women, or a rural population, this has not been conducted so far in individuals with obesity.



This study also identified lower intakes for several micronutrients (vitamin C, calcium, folates, potassium, or fiber), which were specific for either the second or fourth recalls (Table 2 and Figure 2). Due to the design of our study, it is difficult to speculate whether such differences were truly systematic and specific to the order of recalls, or if, within the FDR limits, these were spurious. It is important to point out that the first recall, having the higher estimates for several variables, was the only one performed on site, face-to-face, while all other three were performed over the phone. These differences could be seen in the context of switching between face-to-face acquisition of intake and telephone interviews. Although others have compared these methods for general population, women, or a rural population, this has not been conducted so far in individuals with obesity [33]. Since the first recall had higher values than recalls 2 and 4 for various nutrients, this possibility of bias induced by different means of communication cannot be excluded. This potential bias could point toward carefully considering the means of reporting and communicating with participants in a particular cultural context.




4.5. Suggestions for Improvement of Repeated 24-h Dietary Recalls Method


In order to improve the overall quality of ordered 24-h recalls used to capture the energy and nutrient intakes and to reduce the error observed between ordered 24-h recalls, our study suggested the possibility of systematic differences in the reported intakes for energy and macronutrients, which can be specific between recalls, with the first recall having potentially higher estimates for some nutrients and energy intakes. Whether these differences are due to true different intakes in the context of random error or due to reporting bias, this study indicates that repeated 24-h recalls can inherently present systematic differences between specific recalls. In our study, these differences were specifically between session 1 versus sessions 2 or 4.



To overcome this potential bias, we suggest that care should be taken starting from the design phase through the analysis phase of the study. A preliminary analysis should be conducted to identify whether a certain time point has significant differences from all other time points and overview potential sources of bias or other reasons for this finding.



One of the limitations of this study was that the true intake of nutrients was not assessed, nor were biomarkers of available nutrients available, so the true cause of the differences found for the second and fourth time points could not be identified. Another limitation was that the study did not use a control sample and, therefore, one cannot ascertain whether such differences were specific or not to individuals with obesity and associated morbidities.





5. Conclusions


This study identified that adults with obesity reported different energy and nutrient intakes between session 1, and sessions 2 and 4, respectively. Significant decreases in reported intakes were identified when comparing the mean intakes of all four 24-h recalls with mean intakes when each of the first, second, third, and fourth 24-h recall were excluded from the mean, suggesting that the first recall (also the only one performed on site, face-to-face) could be a significant point of bias. Therefore, when considering whether to further use the data obtained from repeated 24-h recalls, preliminary analysis of potential differences between time points should identify whether session-specific bias exists, possibly related to using different means of reporting or communication (e.g., face-to-face versus reporting by telephone).
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Figure 1. Differences in energy and macronutrient intakes between four evaluations of 24-h intakes (N = 388 individuals with obesity) Legend: (a) energy intake (Kcal/day); (b) protein intake (g/day); (c) fat intake (g/day); (d) carbohydrate intake (g/day). (*) significantly lower compared to the initial evaluation (after FDR correction). 
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Figure 2. Differences in micronutrient intakes between four evaluations of 24-h intakes (N = 388 individuals with obesity). Legend: (a) vitamin C intake (mg /day); (b) calcium intake (mg/day); (c) folates intake (µg/day); (d) potassium intake (g/day). (*) significantly lower compared to the initial evaluation (after FDR correction). 
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Table 1. Baseline measurements.






Table 1. Baseline measurements.





	Characteristics
	Male (n1 = 189)
	Female (n2 = 197)
	Total (n = 386)





	Age (years) *
	54.0 (29.0)
	57.0 (19.0)
	56.0 (23.0)



	BMI (kg/m2) *
	33.9 (14.2)
	36.7 (14.7)
	35.2 (14.7)



	Abdominal circumference (cm) *
	119.0 (30.0)
	117.0 (27.5)
	118.0 (29.0)



	TSL (g/L) *
	6.9 (5.2)
	7.0 (5.5)
	7.0 (5.4)



	Diabetes mellitus **
	123 (65.1%)
	148 (75.1%)
	271 (70.2%)



	Type II diabetes mellitus **
	107 (56.6%)
	137 (69.5%)
	244 (68.7%)



	Hypercholesterolemia **
	132 (69.8%)
	139 (70.6%)
	271 (63.2%)



	Hypertriglyceridemia **
	59 (31.2%)
	37 (18.9%)
	96 (24.9%)



	Arterial hypertension **
	112 (60.5%)
	130 (66.3%)
	242 (63.5%)



	Hepatic steatosis **
	43 (22.8%)
	54 (27.4%)
	97 (25.1%)







Values represent * median (interquartile range) or ** number (percentage); * Mann–Whitney test; ** chi-square test; values in bold denote statistically significant differences between sex groups, TSL = total serum lipids.
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Table 2. Mean intakes of energy and of 36 macro- and micronutrients from 24-h dietary recalls (n = 388 individuals with obesity).
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Nutrients

	
Mean of First 24-h

Recall and 95% CI of the Mean

	
Mean of Second 24-h Recall and 95% CI of the Mean

	
Mean of Third 24-h Recall and 95% CI of the Mean

	
Mean of Fourth 24-h

Recall and 95% CI of the Mean






	
Energy (kcal)

	
1641.7

	
1557.7–1725.7

	
1480.4

	
1401.2–1559.5

	
1578.3

	
1498.5–1658.1

	
1561.6

	
1475.7–1647.6




	
Protein (g)

	
78.1

	
74.3–82.0

	
74.4

	
70.2–78.6

	
76.3

	
72.3–80.3

	
77.4

	
73.3–81.5




	
Fat (g)

	
68.0

	
63.4–72.6

	
62.2

	
57.8–66.6

	
64.7

	
60.2–69.2

	
65.7

	
61.0–70.4




	
Carbohydrates (g)

	
182.1

	
172.0–192.2

	
161.5

	
152.4–170.6

	
174.5

	
165.2–183.8

	
166.9

	
157.0–176.8




	
Vitamin C (mg)

	
74.0

	
65.0–83.0

	
57.6

	
50.6–64.6

	
58.2

	
50.5–65.9

	
55.1

	
48.8–61.4




	
Vitamin D (IU)

	
67.6

	
58.6–76.6

	
65.6

	
52.8–78.5

	
82.3

	
65.7–99.0

	
70.2

	
58.8–81.6




	
Vitamin A (µg)

	
602.4

	
480.1–724.7

	
599.0

	
490.1–708.0

	
594.0

	
480.2–707.8

	
499.6

	
412.8–586.3




	
Iron (mg)

	
12.3

	
11.5–13.0

	
11.3

	
10.5–12.0

	
11.8

	
11.0–12.5

	
11.4

	
10.6–12.2




	
Calcium (mg)

	
1078.2

	
1002.4–1153.9

	
931.2

	
864.5–998.0

	
1013.9

	
945.4–1082.3

	
955.4

	
889.6–1021.1




	
Magnesium (mg)

	
241.8

	
225.5–258.2

	
223.2

	
208.3–238.0

	
224.7

	
211.3–238.0

	
216.6

	
202.1–231.0




	
Total water (g)

	
2704.5

	
2590.5–2818.5

	
2528.8

	
2426.1–2631.5

	
2664.3

	
2567.6–2760.9

	
2615.8

	
2510.2–2721.4




	
Fiber (g)

	
17.3

	
16.3–18.4

	
15.4

	
14.4–16.4

	
16.2

	
15.0–17.3

	
15.8

	
14.6–16.9




	
Vitamin K (µg)

	
96.7

	
78.4–115.0

	
78.0

	
64.5–91.4

	
76.6

	
63.1–90.0

	
70.5

	
60.2–80.8




	
Thiamine (mg)

	
1.5

	
1.4–1.6

	
1.4

	
1.3–1.5

	
1.4

	
1.3–1.5

	
1.4

	
1.3–1.5




	
Riboflavin (mg)

	
1.3

	
1.2–1.4

	
1.2

	
1.2–1.3

	
1.3

	
1.2–1.4

	
1.2

	
1.1–1.2




	
Niacin (mg)

	
17.2

	
16.0–18.4

	
16.8

	
15.5–18.2

	
17.0

	
15.7–18.3

	
16.2

	
15.1–17.4




	
Vitamin B6 (mg)

	
1.4

	
1.3–1.5

	
1.4

	
1.2–1.5

	
1.3

	
1.2–1.4

	
1.3

	
1.2–1.4




	
Folates (µg)

	
300.7

	
278.2–323.3

	
260.1

	
239.2–280.9

	
268.9

	
248.2–289.7

	
251.3

	
232.9–269.6




	
Vitamin B12 (µg)

	
3.6

	
3.0–4.1

	
3.9

	
3.2–4.5

	
4.0

	
3.4–4.7

	
3.8

	
3.2–4.4




	
Pantothenic acid (mg)

	
4.1

	
3.8–4.3

	
3.9

	
3.6–4.2

	
4.0

	
3.7–4.2

	
3.6

	
3.4–3.9




	
Betaine (mg)

	
32.0

	
14.6–49.5

	
14.9

	
11.6–18.2

	
18.9

	
9.1–28.7

	
14.1

	
11.4–16.7




	
Choline (mg)

	
250.3

	
234.0–266.6

	
224.7

	
206.7–242.7

	
245.0

	
226.5–263.5

	
253.3

	
234.0–272.6




	
Copper (mg)

	
1.0

	
0.9–1.1

	
0.9

	
0.9–1.0

	
0.9

	
0.9–1.0

	
0.9

	
0.8–1.0




	
Fluor (µg)

	
444.1

	
380.6–507.6

	
386.2

	
329.8–442.6

	
403.4

	
344.6–462.2

	
336.3

	
282.9–389.8




	
Phosphor (mg)

	
952.4

	
896.7–1008.0

	
886.5

	
831.3–941.7

	
917.4

	
864.5–970.2

	
884.5

	
829.2–939.7




	
Manganese (mg)

	
2.0

	
1.8–2.2

	
2.4

	
1.1–3.7

	
2.0

	
1.6–2.3

	
2.1

	
1.5–2.8




	
Selenium (µg)

	
80.5

	
75.0–85.9

	
78.0

	
72.3–83.6

	
82.1

	
76.6–87.7

	
78.0

	
72.6–83.4




	
Zinc (mg)

	
7.1

	
6.6–7.5

	
6.7

	
6.2–7.3

	
6.7

	
6.3–7.2

	
6.6

	
6.1–7.2




	
Potassium (mg)

	
2327.1

	
2221.2–2432.9

	
2081.4

	
1978.7–2184.0

	
2179.7

	
2077.9–2281.5

	
2153.8

	
2040.4–2267.3




	
Sodium (mg)

	
3428.5

	
3195.0–3662.1

	
3072.6

	
2860.6–3284.5

	
3246.3

	
3039.0–3453.6

	
3212.7

	
3005.2–3420.3




	
EPA (mg)

	
0.0

	
0.0–0.0

	
0.0

	
0.0–0.1

	
0.0

	
0.0–0.1

	
0.0

	
0.0–0.0




	
DHA (mg)

	
0.1

	
0.0–0.1

	
0.1

	
0.0–0.1

	
0.1

	
0.1–0.1

	
0.1

	
0.0–0.1




	
Vitamin E (g)

	
4.8

	
4.4–5.3

	
4.8

	
4.4–5.3

	
4.5

	
4.1–4.9

	
4.3

	
3.9–4.7




	
LA (g)

	
3.1

	
2.5–3.6

	
2.7

	
2.2–3.2

	
3.2

	
2.8–3.7

	
3.1

	
2.6–3.6




	
ALA (g)

	
0.3

	
0.2–0.4

	
0.3

	
0.2–0.3

	
0.3

	
0.3–0.4

	
0.3

	
0.3–0.4




	
Fatty acids total saturated (g)

	
24.0

	
22.1–25.9

	
21.4

	
19.7–23.1

	
22.6

	
20.8–24.4

	
22.5

	
20.7–24.3




	
Sugars total (g)

	
52.7

	
48.5–56.9

	
46.3

	
42.5–50.1

	
49.4

	
44.7–54.1

	
44.3

	
40.3–48.3








Means are calculated using a general linear model—repeated measures design with gender as between subjects’ factor and Sidak adjustment. Values in bold are statistical significantly lower compared to the first evaluation after false discovery rate adjustment.
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Table 3. Weekend (one 24-h estimated intake) vs. weekday (mean of three 24-h estimated intakes) values for nutrient intakes stratified by sex (N = 388 individuals with obesity).
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Nutrients

	
Males

	
Females




	
Weekend

	
Weekday

	
Weekend

	
Weekday




	
Mean

	
95% Confidence Interval

	
Mean

	
95% Confidence Interval

	
Mean

	
95% Confidence Interval

	
Mean

	
95% Confidence Interval






	
Energy (kcal)

	
1989.2

	
1841.2–2137.3

	
1807.8

	
1704.2–1911.5

	
1305.1

	
1232.8–1377.4

	
1288.0

	
1219.5–1356.5




	
Protein (g)

	
95.3

	
88.9–101.6

	
87.4

	
83.0–91.9

	
65.1

	
60.9–69.4

	
64.1

	
60.5–67.6




	
Fat (g)

	
84.8

	
76.7–92.9

	
76.7

	
71.3–82.0

	
53.6

	
49.5–57.8

	
51.9

	
48.1–55.7




	
Carbohydrates (g)

	
206.2

	
188.3–224.0

	
193.2

	
181.7–204.7

	
146.9

	
137.6–156.2

	
147.5

	
139.3–155.6




	
Vitamin C (mg)

	
64.4

	
52.7–76.1

	
71.9

	
63.6–80.2

	
53.9

	
45.3–62.6

	
52.5

	
46.8–58.3




	
Vitamin D (IU)

	
90.1

	
69.3–110.8

	
87.9

	
73.8–101.9

	
55.5

	
44.2–66.8

	
55.3

	
47.0–63.5




	
Vitamin A (µg)

	
545.8

	
432.6–659.0

	
693.3

	
570.9–815.6

	
410.3

	
344.4–476.2

	
523.6

	
443.2–604.0




	
Iron (mg)

	
14.0

	
12.6–15.3

	
13.3

	
12.5–14.1

	
9.5

	
8.7–10.2

	
10.1

	
9.5–10.8




	
Calcium (mg)

	
1113.4

	
1002.3–1224.4

	
1122.3

	
1044.3–1200.3

	
798.7

	
722.3–875.1

	
901.2

	
835.9–966.5




	
Magnesium (mg)

	
263.8

	
240.1–287.5

	
261.3

	
244.6–278.0

	
188.7

	
171.9–205.5

	
194.4

	
182.2–206.6




	
Total water (g)

	
2811.3

	
2646.3–2976.4

	
2854.1

	
2734.9–2973.2

	
2397.8

	
2264.4–2531.2

	
2432.9

	
2329.2–2536.6




	
Fiber (g)

	
18.8

	
16.7–20.9

	
18.2

	
17.1–19.4

	
13.6

	
12.6–14.6

	
14.2

	
13.3–15.2




	
Vitamin K (µg)

	
80.9

	
63.6–98.2

	
97.9

	
82.0–113.7

	
71.0

	
53.2–88.8

	
66.9

	
55.4–78.3




	
Thiamine (mg)

	
1.7

	
1.6–1.9

	
1.6

	
1.5–1.7

	
1.2

	
1.1–1.2

	
1.2

	
1.1–1.3




	
Riboflavin (mg)

	
1.4

	
1.3–1.6

	
1.4

	
1.3–1.5

	
1.0

	
0.9–1.1

	
1.1

	
1.0–1.2




	
Niacin (mg)

	
21.0

	
19.0–23.1

	
19.5

	
18.2–20.9

	
13.9

	
12.6–15.1

	
13.9

	
12.8–14.9




	
Vitamin B6 (mg)

	
1.7

	
1.6–1.9

	
1.6

	
1.5–1.7

	
1.1

	
1.0–1.2

	
1.1

	
1.0–1.2




	
Folates (µg)

	
305.7

	
276.2–335.2

	
318.0

	
293.9–342.1

	
209.7

	
190.4–229.1

	
233.9

	
216.7–251.1




	
Vitamin B12 (µg)

	
4.4

	
3.6–5.3

	
4.8

	
4.1–5.4

	
3.0

	
2.3–3.8

	
3.0

	
2.5–3.4




	
Pantothenic acid (mg)

	
4.5

	
4.1–4.9

	
4.3

	
4.1–4.6

	
3.4

	
3.1–3.6

	
3.5

	
3.3–3.7




	
Betaine (mg)

	
19.6

	
14.2–25.0

	
23.0

	
13.2–32.8

	
14.6

	
10.7–18.6

	
19.0

	
6.5–31.5




	
Choline (mg)

	
308.8

	
278.5–339.1

	
277.2

	
257.0–297.5

	
211.3

	
192.9–229.7

	
201.1

	
187.3–214.9




	
Copper (mg)

	
1.1

	
1.0–1.2

	
1.1

	
1.0–1.1

	
0.9

	
0.8–0.9

	
0.8

	
0.8–0.9




	
Fluor (µg)

	
422.4

	
335.7–509.2

	
442.4

	
373.4–511.3

	
356.1

	
285.7–426.5

	
347.9

	
289.3–406.4




	
Phosphor (mg)

	
1112.4

	
1024.1–1200.7

	
1042.4

	
976.8–1108.0

	
762.9

	
708.5–817.4

	
769.7

	
723.0–816.4




	
Manganese (mg)

	
2.3

	
1.9–2.6

	
2.1

	
1.9–2.4

	
2.4

	
1.1–3.6

	
2.0

	
1.1–2.9




	
Selenium (µg)

	
101.0

	
92.4–109.6

	
92.9

	
87.3–98.6

	
65.3

	
59.3–71.3

	
65.0

	
60.3–69.7




	
Zinc (mg)

	
8.3

	
7.5–9.1

	
7.9

	
7.4–8.4

	
5.8

	
5.2–6.3

	
5.6

	
5.3–6.0




	
Potassium (mg)

	
2551.5

	
2372.8–2730.2

	
3832.9

	
3566.6–4099.3

	
1983.5

	
1862.5–2104.5

	
2630.1

	
2463.3–2796.9




	
Sodium (mg)

	
4003.6

	
3674.3–4332.8

	
2417.1

	
2294.1–2540.1

	
2655.4

	
2450.5–2860.3

	
1916.9

	
1828.8–2005.1




	
EPA (mg)

	
0.0

	
0.0–0.1

	
0.0

	
0.0–0.1

	
0.0

	
0.0–0.1

	
0.0

	
0.0–0.0




	
DHA (mg)

	
0.1

	
0.1–0.1

	
0.1

	
0.1–0.1

	
0.1

	
0.0–0.1

	
0.0

	
0.0–0.1




	
Vitamin E (g)

	
5.3

	
4.5–6.0

	
5.1

	
4.7–5.6

	
4.3

	
3.6–4.9

	
4.1

	
3.8–4.4




	
LA (g)

	
3.6

	
2.8–4.4

	
3.1

	
2.5–3.6

	
3.1

	
2.5–3.7

	
2.8

	
2.3–3.3




	
ALA (g)

	
0.4

	
0.3–0.5

	
0.4

	
0.3–0.5

	
0.3

	
0.2–0.3

	
0.2

	
0.2–0.3




	
Fatty acids total saturated (g)

	
29.2

	
26.0–32.3

	
26.6

	
24.4–28.7

	
17.4

	
15.8–18.9

	
18.5

	
17.0–20.1




	
Sugars total (g)

	
52.0

	
44.7–59.4

	
52.6

	
47.4–57.8

	
44.0

	
39.7–48.2

	
44.2

	
40.7–47.7








Wilcoxon signed rank test was used between weekend–weekday comparisons per each gender, using false discovery rate adjustment, ALA—alpha-linolenic acid, EPA—eicosapentaenoic acid, DHA—docosahexaenoic acid, LA—linoleic acid.
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Table 4. Effect size and statistical significance of the mean differences between four 24-h recalls and three 24-h recalls (after exclusion of each of the four 24-h recall) (N = 388 individuals with obesity).






Table 4. Effect size and statistical significance of the mean differences between four 24-h recalls and three 24-h recalls (after exclusion of each of the four 24-h recall) (N = 388 individuals with obesity).





	
Nutrients

	
Difference between Mean of Four 24-h Recall and Mean of Three 24-h Recall after Exclusion of:




	
First 24-h Recall

	
Second 24-h Recall

	
Third 24-h Recall

	
Fourth 24-h Recall




	
Size Effect r

	
p-Value

	
Size Effect r

	
p-Value

	
Size Effect r

	
p-Value

	
Size Effect r

	
p-Value






	
Energy (kcal)

	
0.12

	
0.018

	
0.21

	
<0.001 *

	
0.02

	
0.738

	
0.05

	
0.312




	
Protein (g)

	
0.03

	
0.528

	
0.13

	
0.010 *

	
0.04

	
0.402

	
0.00

	
0.951




	
Fat (g)

	
0.07

	
0.159

	
0.15

	
0.003 *

	
0.06

	
0.216

	
0.07

	
0.179




	
Carbohydrates (g)

	
0.12

	
0.023

	
0.24

	
<0.001 *

	
0.00

	
0.952

	
0.10

	
0.040




	
Vitamin C (mg)

	
0.11

	
0.034

	
0.16

	
0.001 *

	
0.18

	
<0.001 *

	
0.18

	
<0.001 *




	
Vitamin D (IU)

	
0.08

	
0.128

	
0.26

	
<0.001 *

	
0.01

	
0.900

	
0.12

	
0.021 *




	
Vitamin A (µg)

	
0.02

	
0.740

	
0.05

	
0.355

	
0.10

	
0.061

	
0.25

	
<0.001 *




	
Iron (mg)

	
0.09

	
0.076

	
0.16

	
0.001 *

	
0.03

	
0.506

	
0.14

	
0.005 *




	
Calcium (mg)

	
0.11

	
0.034

	
0.18

	
<0.001 *

	
0.02

	
0.666

	
0.13

	
0.008 *




	
Magnesium (mg)

	
0.07

	
0.176

	
0.11

	
0.029 *

	
0.05

	
0.292

	
0.15

	
0.004 *




	
Total water (g)

	
0.09

	
0.075

	
0.11

	
0.028 *

	
0.04

	
0.376

	
0.02

	
0.735




	
Fiber (g)

	
0.14

	
0.006 *

	
0.18

	
<0.001 *

	
0.06

	
0.255

	
0.13

	
0.010 *




	
Vitamin K (µg)

	
0.06

	
0.258

	
0.17

	
0.001 *

	
0.15

	
0.003 *

	
0.20

	
<0.001 *




	
Thiamine (mg)

	
0.08

	
0.131

	
0.11

	
0.032

	
0.09

	
0.088

	
0.12

	
0.016 *




	
Riboflavin (mg)

	
0.08

	
0.139

	
0.10

	
0.056

	
0.04

	
0.431

	
0.22

	
<0.001 *




	
Niacin (mg)

	
0.01

	
0.796

	
0.08

	
0.135

	
0.06

	
0.256

	
0.08

	
0.117




	
Vitamin B6 (mg)

	
0.01

	
0.877

	
0.08

	
0.137

	
0.10

	
0.056

	
0.06

	
0.252




	
Folates (µg)

	
0.16

	
0.002 *

	
0.19

	
<0.001 *

	
0.09

	
0.080

	
0.18

	
0.001 *




	
Vitamin B12 (µg)

	
0.14

	
0.004 **

	
0.17

	
0.001 *

	
0.08

	
0.095

	
0.12

	
0.014 *




	
Pantothenic acid (mg)

	
0.05

	
0.287

	
0.06

	
0.216

	
0.03

	
0.564

	
0.18

	
<0.001 *




	
Betaine (mg)

	
0.05

	
0.352

	
0.27

	
<0.001 *

	
0.19

	
<0.001 *

	
0.19

	
<0.001 *




	
Choline (mg)

	
0.01

	
0.790

	
0.24

	
<0.001 *

	
0.06

	
0.234

	
0.01

	
0.900




	
Copper (mg)

	
0.06

	
0.227

	
0.12

	
0.020 *

	
0.03

	
0.521

	
0.18

	
<0.001 *




	
Fluor (µg)

	
0.06

	
0.259

	
0.10

	
0.051

	
0.07

	
0.184

	
0.22

	
<0.001 *




	
Phosphor (mg)

	
0.07

	
0.154

	
0.11

	
0.027 *

	
0.02

	
0.642

	
0.11

	
0.032 *




	
Manganese (mg)

	
0.00

	
0.922

	
0.12

	
0.015 *

	
0.01

	
0.860

	
0.19

	
<0.001 *




	
Selenium (µg)

	
0.01

	
0.775

	
0.07

	
0.169

	
0.00

	
0.940

	
0.06

	
0.206




	
Zinc (mg)

	
0.07

	
0.188

	
0.09

	
0.071

	
0.05

	
0.308

	
0.11

	
0.025 *




	
Potassium (mg)

	
0.16

	
0.001*

	
0.20

	
<0.001 *

	
0.06

	
0.265

	
0.08

	
0.121




	
Sodium (mg)

	
0.06

	
0.276

	
0.17

	
0.001 *

	
0.05

	
0.371

	
0.04

	
0.433




	
EPA (mg)

	
0.25

	
<0.001 **

	
0.19

	
<0.001 *

	
0.15

	
0.002 *

	
0.16

	
0.002 *




	
DHA (mg)

	
0.24

	
<0.001 **

	
0.20

	
<0.001 *

	
0.18

	
<0.001 *

	
0.16

	
0.002 *




	
Sugars total (g)

	
0.10

	
0.051

	
0.15

	
0.004 *

	
0.05

	
0.310

	
0.19

	
<0.001 *




	
Vitamin E (g)

	
0.01

	
0.885

	
0.08

	
0.118

	
0.10

	
0.048

	
0.18

	
<0.001 *




	
Fatty acids total saturated (g)

	
0.07

	
0.180

	
0.19

	
<0.001 *

	
0.06

	
0.226

	
0.09

	
0.068




	
LA (g)

	
0.12

	
0.014

	
0.23

	
<0.001 *

	
0.04

	
0.451

	
0.09

	
0.062




	
ALA (g)

	
0.18

	
0.001 **

	
0.27

	
<0.001 *

	
0.05

	
0.349

	
0.11

	
0.027 *








Wilcoxon signed rank test, r = size effect. Significant differences after false discovery rate correction are marked in bold; * negative differences; ** positive differences; ALA—alpha-linolenic acid, EPA—eicosapentaenoic acid, DHA—docosahexaenoic acid, LA—linoleic acid.
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