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Abstract: When assessing food intake patterns in groups of individuals, a major problem is finding usual intake distribution. This study 
aimed at searching for a probability distribution to estimate the usual intake of nutrients using data from a cross-sectional investigation 
on nutrition students from a public university in São Paulo state, Brazil. Data on 119 women aged 19 to 30 years old were used. All 
women answered a questionnaire about their lifestyle, diet and demographics. Food intake was evaluated from a non-consecutive 
three-day 24-hour food record. Different probability distributions were tested for vitamins C and E, panthotenic acid, folate, zinc, 
copper and calcium where data normalization was not possible. Empirical comparisons were performed, and inadequacy prevalence 
was calculated by comparing with the NRC method. It was concluded that if a more realistic distribution for usual intake is found, 
results can be more accurate as compared to those achieved by other methods.  
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1. Introduction  

Food ingestion has accompanied human beings 
during their existence and, from simple objectives, 
such as appeasing one’s hunger due to physiological 
need, it has become part of people’s lifestyles, thus 
contributing to their health or disease conditions. 
Hence, studies on food intake constitute effective 
instruments to collect information on the 
characteristics of food ingestion by a great part of the 
population. 

With this respect, nutritional assessment refers to the 
evaluation of the dietetic intake of a group in relation to 
a given pattern concerning nutritional adequacy and the 
prevention of chronic diseases [1]. This can be 
achieved by means of various methods; however, the 
most frequently used method nowadays is the 24-hour 
recall (R24h). The R24h, as its name indicates, consists 
in defining and quantifying all the food and drinks 
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ingested in the 24-hour period prior to the interview [2]. 
Also, the quality of information will depend on the 
memory and cooperation of respondents, which is one 
of the greatest limitations to this method [2]. This 
occurs because the respondent may under- or 
overestimate the portions ingested [3]. However, the 
greatest limitation is the fact that one recall day alone 
does not represent an individual’s usual intake due to 
the high within-person variability of nutrient intake.  

Nevertheless, to evaluate the nutritional adequacy of 
a group or population, the Recommended Dietary 
Allowances (RDA), or a certain percentile of it, as well 
as the Dietary Reference Intakes (DRI) can be used as a 
cut-off point for assessing the prevalence of nutrient 
intake inadequacy.  

RDA is the level of ingestion which is sufficient to 
meet nutritional requirements for almost all healthy 
individuals in a certain stage of their lives or according 
to their gender. Under the assumption of normal 
nutritional requirements, RDA is defined as the value 
corresponding to two standard deviations of the 
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estimated average requirement (EAR). Then, a method 
has been proposed considering EAR as a cut-off point 
to evaluate the prevalence of inadequacy of a given 
nutrient for a group of individuals [4]. But in order to 
apply this method, the nutrient intake distribution must 
be normal or at least symmetrical. 

Knowledge about usual diet is necessary to evaluate 
nutrient intake since the effects of inadequate nutrient 
ingestion do not occur after few days. Thus, 
information referring to several days must be used, but 
reflecting only between-person variability and 
removing within-person variability, which is often high. 
This fact causes serious problems to the analysis of 
usual intake distribution, such as the lack of normality, 
problems related to normalizing transformation and 
negative variances among others.  

Estimating the prevalence of nutrient intake 
inadequacy has been a constant challenge, since 
nutrient intake distribution is not always normal or 
symmetrical. This is due to the fact that the main 
characteristic of a healthy individual’s or a 
population’s dietary intake is the daily variability of 
their diet [5]. Even if individuals follow a stable intake 
pattern, there are no elements or consistency. Hence, 
daily food intake is considered to be a random event 
due to certain factors, such as day-to-day variation 
(weekend), food variety, seasonality, socio-economic 
and cultural aspects among others, which contribute to 
daily variability. 

Therefore, the statistical analysis of food intake data 
aims at subduing the effects of certain limitations in the 
recalls by means of analytical estimation and by 
removing the effects of dietary intake within-person 
variability. Nevertheless, complex models have been 
used for that purpose.  

A rather useful statistical model for analyzing dietary 
intake data is the model with measurement errors, which 
is used by the PC_SIDE software [6]. Again, the problem 
lies in data normality, which is not always present, 
depending on the type of nutrient under analysis. Thus, 
models with measurement errors were introduced in 

the context of generalized linear models [7]. They do 
not require data normality, but only that such data 
distribution belongs to an exponential family [8]. With 
this regard, the concept of instrumental variables was 
introduced, and routines for the STATA software were 
developed so as to evaluate nutrient intake distribution 
in a population without the need for data normalizing 
transformation [9]. 

Even so, it is observed that such models are still not 
sufficient due to the fact that intake distribution based 
on various 24-hour recalls is still different from those 
belonging to the exponential family.  

Therefore, this study aimed at using probability 
distributions which do not belong to the exponential 
family to estimate the usual intake of nutrients by a 
population of female students and at obtaining the 
inadequate intake likelihood.  

2. Methodology 

A cross-sectional study was performed, and intake 
data were collected from 119 female students from a 
public university in São Paulo state, Brazil, whose ages 
ranged from 19 to 30 years old. Their usual intake was 
measured by means of three 24-hour recalls on 
non-consecutive days. The nutrient intake evaluated 
was for calories, protein, total lipids, fiber, cholesterol, 
retinol, vitamins C, B1, B2, B6, B12, D, E, iodine, niacin, 
folacin, pantothenic acid, calcium, manganese, zinc, 
magnesium, potassium, phosphorus, iron, copper and 
selenium [10].  

Initially, normality tests were performed on the 
intake data in order to find the inadequacy likelihood.  

For the nutrients whose distributions were not 
normal, the Weibull, log-normal and extreme-value 
distributions were utilized. Based on the fitting of such 
distributions’ parameters, DRIs were used for 
calculating the inadequacy likelihood. These 
likelihoods were compared according to the empirical 
distribution of the data.  

The ethical principles of Resolution 196/96 by the 
National Health Council were observed for data 
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collection, and the research project was approved by 
the Research Ethics Committee of the University of 
São Paulo Faculty of Public Health.  

3. Results and Discussion 

By observing the normality for the collected data, all 
the micro and macronutrients showed asymmetrical 
distributions when using the Shpiro-Wilk test on the 
PROC UNIVARIATE of software package SAS for 
Windows, v.9.1.3 [11].  

Hence, by using EAR as a cut-off point and 
eliminating within-person variability, the inadequacy 
likelihood for these nutrients could be under or 
overestimated. Therefore, the Weibull, log-normal and 
extreme-value distributions were tested using the 
STATISTICA software, v.6.0 [12] since the nutrient 
distributions were very asymmetrical. Despite this fact, 
vitamin C, E, Pantothenic acid, folate, zinc, copper and 
calcium were fitted to such distributions. Therefore, we 
considered only such nutrients.  

Fig. 1 shows the histogram and the fitted distribution 
for nutrients vitamin C, pantothenic acid and calcium. 
Figures for the other nutrients will not be shown since 
most of them were fitted to a Weibull distribution.  

According to Fig. 1, it is observed that the 
distributions of calcium, copper, folate, pantothenic 
acid, vitamin C, vitamin E and zinc intake were 
completely asymmetrical. In these cases, a 
transformation cannot always normalize the data or, at 
least, make the distribution symmetrical. The presence 
of outliers that hinder the transformation can also be 
noted.  

As these forms are very asymmetrical, attaining 
within-person variability is not possible since negative 
variance values are obtained in the analysis of variance 
for the effect of the recalls. This is due to the fact that 
the data do not have a normal distribution and are not 
always normalized by a transformation. Hence, the 
intake estimation for these nutrients may be 
underestimated or overestimated.  

By considering EARs as a cut-off point for 

estimating inadequate intake likelihood, the intake 
inadequacy likelihoods for these nutrients were 
calculated by comparing with the empirical distribution. 
The empirical distribution was obtained only from the 
frequency of intake values beneath the recommended 
value. For the fitted distributions, on the other hand, the 
intake likelihood smaller than or equal to the 
recommended value was found by using the 
distribution corresponding to the respective estimated 
parameters, according to Fig. 1. Results are shown in 
Table 1.  

Hence, Table 1 shows the nutrients considered, the 
likelihood distribution fitted to such nutrients’ intake, 
the cut-off points and the inadequacy likelihoods by 
using the likelihood according to the fitted distribution 
and only the empirical intake distribution. It can be 
observed that the values obtained by the likelihood 
according to the fitted distribution are similar to those 
of the empirical distribution, with errors of 
approximately 0.02. The greatest errors made are for 
vitamin E and copper, which are of approximately 0.05. 
Even so, it can be stated that the distributions used 
provide good estimation of inadequacy prevalence for 
these nutrients in the group of women.  

Similar data were analyzed by the National Research 
Council (NRC) method, in which the data are initially 
transformed so as to follow an approximately normal 
distribution [10]. It is supposed that within-person 
variability is the same for all individuals, and a set of 
intermediate values is constructed by conserving the 
mean and within-person variability. After such 
estimation, the inverse transformation is used and, with 
this new empirical distribution of the retransformed 
intermediate values, the nutrient intake inadequacy 
likelihood is obtained. 99% inadequate intake was 
found for folate, 47% for zinc, 33% for copper and 
95% for calcium [10]. By considering the fitted 
likelihood distributions (Table 1), it was observed that 
the inadequacy likelihood for folate and calcium was 
overestimated (91.20% and 77.55%, respectively) 
whereas that for zinc and copper was underestimated 
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Fig. 1  Histogram and likelihood distribution fitting of intake data. 

(a) calcium (b) copper

(c) folate (d) pantothenic acid

(e) vitamin C (f) vitamin E

(g) zinc
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Table 1  Comparisons between values estimated for inadequacy likelihoods of vitamins C, E, B2, and pantothenic acid, 
according to the fitted and empirical distributions. 

Nutrient Fitted Distribution EAR  
cut-off point 

Inadequacy likelihood 
(fitted) 

Inadequacy likelihood 
(empirical) 

Vitamin C Weibull 73.2 0.3588 0.3722 
Vitamin E Weibull 5.32 0.2743 0.2222 
Pantothenic acid Extreme value 5.0 0.8481 0.8639 
Folate Weibull 320 0.9120 0.9028 
Zinc Weibull 8 0.5681 0.5944 
Copper Weibull 0.7 0.4119 0.4611 
Calcium Extreme value 1000 0.7755 0.7750 
 

(56.81% and 41.19%, respectively).  
There is a challenge to be faced in order to obtain 

nutrient inadequacy likelihoods [13-14]. One of them is 
that long-term nutritional assessments must be 
conducted for correctly estimating such likelihood, 
which is usually impossible due to the costs that such 
procedure would generate [15]. Despite this fact, a pilot 
study is necessary for the correct implementation of 
such methodologies [13].  

The use of EAR as a cut-off point, as utilized in this 
study by applying only the distribution that best fits the 
data, such as a probabilistic method that considers 
intake and requirement variability, provides good results 
for inadequacy, showing that its estimation should be 
closer to the real prevalence of inadequacy [16]. 

4. Conclusions 

Estimating nutrient inadequacy likelihood has been 
one of the greatest challenges for dieticians and 
statisticians. Despite the complex statistical 
methodologies developed for analyzing data from 
nutritional assessments, a lot still needs to be done so as 
to estimate such likelihood as accurately as possible 
and actually represent the population’s intake. This 
occurs because, according to the method used, actions 
which would, in fact, not be necessary may be 
recommended, or contrarily, actions that would benefit 
certain members of the population may be disregarded.  

Hence, a nutritional assessment to estimate the 
prevalence of nutrient inadequacy must be very well 
planned, and statistical techniques and methodologies 

which are compatible with the obtained data must be 
used for an appropriate estimation of inadequacy 
likelihood. 
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