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Abstract

Objective: The purpose of this investigation is to test the validity and reliability the assessment methods for the true beverage consumption of
adults.

Methods: This cross-sectional study was carried out 291 healthy volunteers. The beverage intake questionnaire (BIQ) was prepared in combination
with a new one which is developed based on basic principles and the existing one developed for the beverages consumed the most with respect
to frequency and amount by Turkish populations. During the initial visit the participants completed BIQ1 and then provided a urine sample to
determine urinary specific gravity(USG). For validity, participants recorded the type and quantity of foods and beverages consumed on the same
day and previous two days. Two weeks later, for reliability, participants completed the same beverage intake questionnaire (BIQ2).

Results: Mean daily total fluid intake was estimated at 1,773 + 49.4mL using the dietary intake record (DIR), 2,120 + 49.5 mL with BIQ1 and
1,990 + 46.3 mL for BIQ2. The largest contribution to total fluid intake was plain water. The response on the two assessment tools (DIR and BIQ1)
all beverage intakes were significantly correlated (p < 0.01) except for alcoholic beverage intake. One could see a significant correlation between
BIQ1 and BIQ2 in relation to total fluid intakes (r = 0.838,p < 0.01). The USG measurement was negatively correlated with three assessment
tools (DIR, BIQ1 and BIQ2), the amount of plain water and the amount of total fluid intake.

Conclusions: The self-administered instrument described in this study may be useful for researchers interested in assessing habitual beverage
consumption patterns or evaluating hydration status for adults.

Resumen

Objetivo: el objetivo de este estudio es evaluar la validez y la fiabilidad de los métodos utilizados para medir el consumo de bebidas de los
adultos correctamente.

Método: este estudio transversal fue conducido con 291 voluntarios sanos. El cuestionario de consumo de bebidas (BIQ) fue desarrollado
como una nueva encuesta con la adicion de las bebidas mas consumidas por la poblacion turca en términos de frecuencia y cantidad. Los
participantes realizaron el cuestionario BIQ1 en la primera reunion y después se tomaron muestras de orina con el fin de determinar la densidad
urinaria (USG). Se registro la validez, el tipo y la cantidad de alimentos y bebidas consumidos por los participantes en el mismo dia y dos dias
antes. Para comprobar la fiabilidad, se realizd a los participantes el mismo cuestionario de consumo de bebidas (BIQ2) dos semanas més tarde.

Resultados: el consumo total diario de liquidos fue estimado en 1.773 + 49,4 ml por los registros de alimentos (DIR), en 2.120 + 49,5 ml por el
BIQ1y en 1.990 + 46,3 ml por el BIQ2. La mayor contribucion a la ingesta total de liquidos es debida al agua. Ambas herramientas de evaluacion
(DIR y BIQ1) mostraron una correlacion significativa en todas las bebidas con excepcion de las bebidas alcohdlicas (p < 0,01). Una de la correlacion
mas significativa se encontré en el consumo total de liquidos entre BIQ1 con BIQ2 (r = 0,838, p < 0,01). Se encontrd que la medicion de la
USG esta correlacionada negativamente con las tres herramientas (DIR, BIQ1 ve BIQ2) de evaluacion para el agua y la ingesta total de liquidos.

Conclusion: los cuestionarios para evaluar el estado de hidratacion o y los habitos de consumo de bebidas en adultos pueden ser de utilidad
para aquellos investigadores interesados.
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INTRODUCTION

Total fluid intake and its biomarkers have been associated with
health and hydration status (1). Therefore, it is important to bal-
ance the hydration status of individuals in terms of health and
function as it provides an indication regarding drinking behavior.

Guidelines for adequate total water intake for the general adult
population have been proposed by several international govern-
ing bodies. Yet these recommendations are based on population
median water intakes, with limited consideration of links between
water intake and hydration status and without links between wa-
ter intake and health. Moreover, the recommendations do not
provide a method for individuals to ensure that they are consum-
ing enough water to meet their specific hydration needs (2,3).

Establishing the adequacy of fluid intake based on physiological
indicators of hydration is challenging, because there are multiple
biological indicators of hydration in average adults in free-living
conditions, each sensitive to a different aspect of hydration. Another
common hardship in this area is a reliance on self-reported mea-
sures of habitual intake (4,5). Various markers have been proposed
to assess the state of hydration (plasma osmolality, urine specif-
ic gravity (USG), urine osmolality), which can be used in different
laboratory conditions, clinical practice or sports. However, to date,
there has been no universally accepted biomarker that reflects an
increase in hydration status in response to an increase in beverage
intake. Therefore, no markers are defined as gold standard (4,6).

Interest in the type and quantity of beverage consumption is not
new, and numerous approaches have been used to assess bever-
age intake, but the validity of these approaches has not been well
established. While some research objectives have focused on the
assessment of beverage-associated nutrients or intakes of individual
beverages, other investigators have extrapolated beverage intakes
from previously collected diet records or diet questionnaires (7,8).
The available questionnaires were designed to measure beverage
intake in children and adolescents, and most do not exclusively mea-
sure beverage intake (9). There is currently no rapid method for de-
termining habitual beverage intake in Turkish adults. A brief, self-ad-
ministered, valid and reliable beverage intake assessment tool could
enhance nutrition research targeting beverage intake patterns. Thus,
our objective is to test the validity and reliability of a newly developed
self-administered beverage intake questionnaire (BIQ) as compared
to dietary intake records (DIRs) and USG.

METHODS

PARTICIPANTS

This cross-sectional study was carried out on a haphazard sample
of 291 volunteers (56% male and 44% female) whose ages ranged
between 19 and 55 (31.4 + 10.1 years), located in Ankara, Turkey,
between October and December 2014. Most participants (about
59%) were educated to secondary school level. A total of 331 sub-
jects took part in the study, with 321 subjects completing both the
beverage intake questionnaire (BIQ) and the dietary intake records
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(DIRs), and providing a urinary sample, and 30 subjects being ex-
cluded because of an energy intake below 900 kcal or greater than
5,000 keal. The completion rate was 88%. The inclusion criteria for
the study were absence of major diseases affecting nutritional status
or the ability to keep a diet record, and no major diet changes in the
past 6 months. Exclusion criteria included use of medication likely to
interfere with water balance, such as hypertensive or diuretic treat-
ment; history of metabolic or gastrointestinal disease; renal, hepatic
or cardiac failure; abstention from strenuous physical activity; or high
daily consumption of alcohol (more than two units or three units per
day for women and men, respectively). Information on self-reported
age (year), height (cm), weight (kg), education and profession was
also collected. Body mass index (BMI) was calculated and partici-
pants were classified, according to their BMI, into three groups as
underweight (BMI < 18.5 kg/m?), normal weight (BMI: 18.5-24.9 kg/
m?) and overweight (BMI > 25.0 kg/m?) (10).

The study was conducted according to the guidelines set out
in the Declaration of Helsinki, and written informed consent was
obtained from all subjects.

DIETARY ANALYSIS

Participants were visited twice in a 15-day period. During the
initial visit, participants completed the beverage intake question-
naire (BIQ1) and then provided a urine sample to determine USG.
Participants recorded the type and quantity of food and bever-
ages consumed on the same day and following two days, which
were consecutive —in total, 24-hour dietary records (DIRs). Two
weeks later, on the second visit, participants completed the same
beverage intake questionnaire (BIQ2).

The beverage intake questionnaire (BIQ) was adapted from He-
drick (11) and the most recent form consisted of the beverages
consumed the most with respect to the frequency and amount by
Turkish populations. The BIQ estimates habitual mean daily intake
of water and beverages across 17 beverage categories [including
water (plain), black and herbal tea, Turkish and instant coffee, but-
termilk/kefir, milk (whole, reduced-fat, low-fat/skimmed), soda, cola
and soft drinks (regular/diet), fruit juice drinks (natural/flavored),
vegetable juice, sport drinks, energy drinks, most alcoholic beverag-
es: beer (light, regular), raki, wine, mixed alcoholic drinks] plus one
open-ended section for “other” beverages not listed. The BIQ in-
cluded how often, which kind, what amounts and which portion size
questions for each beverage. The frequency of servings was classi-
fied from “never” to “how many times a day/week/month” and the
kind was categorized as diet/natural with or without sugar/cream,
etc. In terms of amounts, common beverage sizes and amount used
depended on beverages kinds (e.g. glass, bottle, box, can etc, and
for portion size we used small, medium and large sizes).

URINE ANALYSIS

Al visits were conducted between 6 and 12 a.m. to avoid
the differences in USG measurements that may occur through-
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out the day. USG, an objective indicator of total fluid intake (hy-
dration status and compliance), was determined using a hand-
held refractometer (ATAGO 4410 Digital Urine Specific Gravity
Refractometer, Bellevue, WA). A urine sample from a “hydrated”
subject typically falls within the range of 1.005 to 1.030 (12). All
participants were completed the urine measurement.

DATA ANALYSIS

The analyses were performed using the SPSS package pro-
gram version 15.0 (SPSS, Inc., Chicago, IL, USA). Descriptive sta-
tistics (mean = standard error of the mean (SEM)) are reported for
mean total consumption of beverage and beverage categories. To
assess validity, the BIQ1 (test) responses were compared to DIR
responses, and, for assessing reliability (retest), BIQ1 responses
were compared to BIQ2. Spearman correlation coefficients were
calculated to determine the strength of the relationship between
DIR and BIQ1, and BIQ1 and BIQ2, and among associated spe-
cific gravity (USG).
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The agreement between BIQ and DIR, and BIQ1 and BIQ2, was
calculated using the intra-class correlation coefficient (ICC) and
the Cronbach’s alpha statistic. Each Cronbach’s alpha statistic
was compared with recognized standards of agreement as fol-
lows: “fair” (< 0.4), “moderate” (0.4-0.75), “good” (0.75-0.90)
and “perfect” (> 0.90) (13). Bland-Altman plots were also gen-
erated and the mean difference (BIQ1-DIR) and limits of agree-
ments (2 SD of the mean difference) were interpreted. This was
performed using MedCalc for Windows, version 9.6.0.0 (Med-
Calc Software, Mariakerke, Belgium). p-values of < 0.01 and
< 0.05 (two-tailed) were regarded as statistically significant.

RESULTS

The mean BMI of participants was 24.2 + 4.05 kg/m?. Over
half (54.3%) of our sample had a normal weight, while 40.2%
were overweight. The mean daily total fluid intake and kinds of
beverage are given in table |. Mean daily total fluid intake was
estimated at 1773 = 49.4 mL using the DIR, 2,120 = 49.5 mL

Table I. Mean daily total fluid intakes and correlations between intakes reported on DIR
and BIQ1 and BIQ2

Validity @ Reliability ®
Beverages i i
ot | on | oo [comon| OB | 22 commion| S
- B Mean + SEM | Mean + SEM Mean + SEM
Water, plain 1029 + 37.2 1135+ 36.4 0.744% -106 + 25.4 1103 + 34.4 0.850~ 32+19.0
Tea, black 483 +26.9 561 + 28.2 0.662* -718 +24.5 513 £ 241 0.857* 48 £ 17.7
Tea, herbal 18+4.3 32+48 0.527* -14 £ 31 32+49 0.929" -03+1.5
Coffee, Turkish 6+1.5 12+15 0.416* 6+14 10+1.3 0.905* 1.5+06
Coffee, Instant 41+6.9 53+6.8 0.599* -12+5.2 49+6.3 0.880* 4+241
Buttermilk/kefir 46 + 5.6 63 +3.7 0.314* -17+5.2 57 +3.3 0.882* 7+21
Milk 17 +3.8 43+48 0.379* -25+3.7 447 0.912¢ 14+16
Soda 24 +3.8 56 +4.9 0.480* -32+4.2 54 +49 0.881* 2+22
Cola 30 + 6.1 55+ 6.1 0.480* -26+2.7 49 +53 0.992* 6+25
Soft drinks 38+6.5 29+4.4 0.441* 9+75 16+29 0.854* 13+3.3
Fruit juices 40+6.3 64 +6.6 0.503* -25+3.8 56 + 6.4 0.887* 9+22
Vegetable juices 1+07 15+07 0.742* -0.3+0.1 1.3+07 0.857* 02=+0.1
Sport drinks 0.05+0.03 05+02 0.777* -04+0.2 05+0.2 0.896* 0.1+0.01
Energy drinks 0.9+ 0.69 3+15 0.605* -2+0.8 3+14 0.803* 03+03
Beer 0+0 10+29 0 -10+29 5+16 0.872* 5+24
Raki 0+0 2+09 0 -2+09 03+02 0.779* +
Wine 0+0 06=+04 0 -06+0.4 0.02 £0.02 0.287* 06=+04
Total fluid intake | 1773 = 49.4 2120 +49.5 0.723* -347 + 37 1990 + 46.3 0.838* 130 = 27

Validity was assessed by comparing dietary intake recall (DIR) with beverage intake questionnaire (BIQ1) results.
b Reliability was assessed by comparing BIQ1 and BIQ2.

0 <0.01
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with BIQ1 and 1,990 =+ 46.3 mL per day for BIQ2. Differences in
total fluid intake between DIR and BIQ1 were -347 + 37 mL per
day and differences between BIQ1 and BIQ2 were 130 + 27 mL
per day (Table I).

When analyzing table |, the responses in the two assessment
tools (DIR and BIQ1 = validity) were significantly correlated (all
beverages p < 0.01) except for alcoholic beverages (beer, raki
and wine). The correlation coefficients between the DIR and BIQ1
ranged from 0.314 (buttermilk/kefir) to 0.777 (sport drinks). Sig-
nificant correlations were detected between all BIQ1 and BIQ2
variables, although the correlation for wine was lower than that
for other beverage categories. The correlation coefficients be-
tween BIQ1 and BIQ2 ranged from 0.287 (wine) to 0.992 (cola)
(p < 0.01). And a significant correlation was found between DIR
and BIQ1 (r=0.723, p < 0.01) and between BIQ1 and BIQ2 in
total fluid intakes (r= 0.838, p < 0.01).

The largest contributor to total fluid intake was plain water,
representing 58.6 = 1.12%, 53.0 = 0.9% and 55.0 + 0.9% of
DIR, BIQ1 and BIQ2. Other beverage types that accounted for
more than 10% of total fluid intake were hot beverages (tea and
coffee) (14.0 = 19%) and sweetened beverages (cola, soda, soft,
sport and energy drinks) (12.0 = 19%). Milk, diet beverages,
flavored water and alcohol made up the remaining 13% of fluid
intake.

The mean + SEM for USG was 1.019 + 0.0003 mOsm/kg.
While 55.3% of individuals had a normal hydration status, 5.9%
were cases of dehydration (< 1.005).
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Spearman’s correlations were calculated for participants with
complete USG and three assessment tools (DIR, BIQ1 and BIQ2)
(table Il). USG measurement was negatively correlated with three
assessment tools (DIR, BIQ1 and BIQ2), with amounts of plain
water (respectively, r = -0.237, p = 0.000; r = -0.208, p =
0.000; r=-0.135, p = 0.021) and with amounts of total fluid
intake (respectively, r = -0.126, p = 0.032; r = -0.160, p =
0.006; r=-0.112, p=0.041) (Table II).

Comparing DIR and BIQ1, the agreement was classified ac-
cording to Cronbach’s alpha statics as “perfect” on cola, fruit
juices and vegetable juices; as “good” on water, black tea, in-
stant coffee, milk, energy drinks and total fluid intake; and as
“moderate” on Turkish coffee, buttermilk/kefir, soda and sports
drinks. Comparing BIQ1 and BIQ2, the agreement was classified
as “perfect” on 14 items and as “good” on 3 items (Table Ill).

The Bland-Altman plot for total fluid intake showed that the agree-
ment between the DIR and BIQ1 in Figure 1 and BIQ1 and BIQ2 in Fig-
ure 2 was dependent on intake level. Differences in the daily intake of
total fluid with DIR and BIQ1; BIQ and BIQ2 plotted against the mean
daily intake estimated by the two methods. Mean difference and 95%
limits of agreement (1.96 x SD of mean difference) are included.

These plots show that the DIR and BIQ1 and BIQ1 and BIQ2
are very likely to agree on total fluid intake, since the range ob-
tained for the 95% limits of agreement was -890.6 + 1,583.8
for DIR-BIQ1 and -776.7 + 1037.5 for BIQ1-BIQ2 in total fluid
intake. The observed limits of agreement are quite strongly influ-
enced by a few outliers (Figs. 1-2).

Table Il. Spearman’s correlations between USG and DIR, BIQ1 and BIQ2

Beverages DIR BlQ1 BlQ2
r p r p r p

Water, plain -0.237 0.000 -0.208 0.000 -0.135 0.021
Tea, black 0.048 0.411 -0.033 0.573 -0.040 0.495
Tea, herbal 0.131 0.056 0.054 0.362 0.040 0.500
Coffee, Turkish 0.070 0.231 0.047 0.421 0.049 0.405
Coffee, Instant -0.078 0.184 -0.030 0.614 -0.021 0.722
Buttermilk/kefir -0.021 0.717 -0.070 0.232 -0.030 0.616
Milk 0.033 0.580 -0.152 0.059 -0.126 0.052
Soda 0.030 0.612 -0.025 0.676 -0.004 0.943
Cola -0.010 0.870 -0.017 0.771 0.007 0.910
Soft drinks -0.015 0.793 -0.125 0.052 -0.122 0.058
Fruit juices 0.063 0.285 0.023 0.698 0.022 0.713
Vegetable juices -0.114 0.052 -0.094 0.111 -0.058 0.320
Sport drinks 0.026 0.659 0.041 0.481 0.011 0.852
Energy drinks 0.031 0.604 -0.410 0.555 0.039 0.506
Beer 0 0 0.009 0.873 0.030 0.608
Raki 0 0 -0.095 0.108 -0.056 0.338
Wine 0 0 0.014 0.809 -0.092 0.119
Total fluid intake -0.126 0.032 -0.160 0.006 -0.112 0.041
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Table lll. Intra-class correlation coefficients (ICC) (95% confidence interval) and Cronbach

alfa between DIR- BIQ1 and BIQ1-BIQ2

Beverages DIR-BIQ1 BlQ1-BIQ2
ICC 95%Cl Cronbach alfa ICC 95%ClI Cronbach alfa
Water 0.765 0.713-0.809 0.867 0.859 0.825-0.886 0.924
Tea, black 0.605 0.527-0.623 0.754 0.771 0.720-0.814 0.871
Tea, herbal -0.098* -0.161-0.069 -0.047 0.951 0.939-0.961 0.975
Coffee, Turkish 0.538 0.451-0.615 0.700 0.901 0.877-0.921 0.948
Coffee, Instant 0.711 0.649-0.764 0.831 0.951 0.939-0.961 0.975
Buttermilk/kefir 0.387 0.285-0.481 0.558 0.819 0.777-0.854 0.901
Milk 0.638 0.565-0.701 0.779 0.939 0.924-0.952 0.969
Soda 0.539 0.453-0.616 0.701 0.896 0.870-0.916 0.945
Cola 0.905 0.882-0.924 0.950 0.903 0.879-0.922 0.949
Soft drinks 0.082* -0.033-0.195 0.152 0.618 0.541-0.684 0.764
Fruit juices 0.827 0.787-0.860 0.905 0.941 0.927-0.953 0.970
Vegetable juices 0.982 0.978-0.986 0.991 0.982 0.977-0.985 0.991
Sport drinks 0.254 0.143-0.358 0.405 0.998 0.998-0.999 0.999
Energy drinks 0.755 0.701-0.800 0.860 0.985 0.981-0.988 0.992
Beer 0.000~ -0.115-0.115 0.000 0.510 0.420-0.591 0.676
Raki 0.000~ -0.115-0.115 0.000 0.074~ -0.041-0.188 0.138
Wine 0.000~ -0.115-0.115 0.000 0.006~ -0.109-0.121 0.012
Total fluid intake 0.714 0.653-0.766 0.833 0.836 0.798-0.868 0.911
0> 0.05.
DISCUSSION fect” according to Cronbach'’s alpha statics respectively compar-

The purpose of this study was to assess the hydration status
with rapid, accurate and simple beverage intake questionnaire and
to determine the validity and reliability of it's in healthy, sedentary
individuals. This questionnaire was designed to capture the usual
beverage intake. Dietary records have been used successfully to
estimate energy and nutrient intakes. Numerous dietary records
have been used to assess beverage intake. Some research objec-
tives have extrapolated beverage intakes from previously collected
diet records or diet questionnaires (7,8,14). Other investigators
have focused on the assessment of beverage associated nutrients
or intakes of individual beverages (15,16). In addition, three days of
recalls or records may not adequately represent total fluid intake or
kinds of beverage, particularly for items that have high intra-indi-
vidual variation (i.e. are consumed sporadically) (17). Moreover, the
validity of these approaches has not been well established.

In this study, compared with the dietary intake record, the
BIQ tended to over-report total fluid intake by 346.6 mL. When
the difference between BIQ1 and BIQ2 was analyzed, the BIQ1
over-reporting was only 130.4 mL. Comparing DIR and BIQ1, the
total fluid intake agreement was classified as “good” and “per-
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Figure 1.

Bland-Altman plots comparing total fluid intakes assessed by DIR and BIQ1.



1134

2500 |- o
2000 | °©
1500 | °© o

o] [¢]
1000 U”’O”C')”da'OUO""%O o +1.96 SD

-DIR

500

BIQ1

-500
-1000

-1500 | 1 OI 1 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000

Mean of BIQ1 and DIR

Figure 2.
Bland-Altman plots comparing total fluid intakes assessed by BIQ1 and BIQ2.

It is well known that fluid intake is difficult to monitor. Although
there is a lack of biomarkers to reflect hydration status in response
to beverage intake, various markers have been proposed for as-
sessing the state of hydration (1). Some dietary intake methods
have used biomarkers to validate the data collected. Biomarkers
of intake are able to objectively assess dietary intake/status with-
out the bias of self-reported dietary intake errors and also over-
come the problem of intra-individual diet variability (18,19).

In this study, we used urinary specific gravity as a reference
biomarker of the self-reported intake of total fluid and kinds of
beverages (BIQ) (1). As would be expected for a possible bio-
marker of total fluid intake, USG was negatively correlated with
the amount of total fluid intake for three assessment tools (DIR,
BIQ1, BIQ2); thus, the BIQ appears to be a valid and reliable and
easily administered questionnaire for assessing beverage in-
takes among adults. The reliability and validity coefficients for
the BIQ were similar in magnitude to those reported elsewhere.
Malisova’s study (20) reported no correlations between beverage
intake estimated from the water balance questionnaire against
USG (r = -0.107, p = 0.403). However, they found moderate
correlations with the other biomarkers measured. Hedrick’s study
(11) found that USG was negatively correlated with grams of total
daily beverage consumption at different time (-0.202, p < 0.05
and -0.238, p < 0.05).

In our study, of the 17 beverage variables assessed, 14 of
beverages were significantly correlated with DIR (p < 0.05). The
results of our study suggest that a quantitative beverage intake
questionnaire provides more useful data about consumption of
total fluid and kinds of beverage intakes than a 3-day dietary
record and urinary specific gravities. In other studies, beverage
frequency records (11) appear to be a better measuring method
for assessing (20) beverage intake than the 3-day dietary ques-
tionnaire when compared with biomarkers. It is clear that the
development of a properly validated beverage frequency ques-
tionnaire may improve the evidence behind hydration outcomes.
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CONCLUSION

As a conclusion, the self-administered instrument described in
this study shows reproducibility in a range observed for similar
dietary intake record used with adults. This tool may be useful for
researchers interested in assessing habitual beverage consump-
tion patterns to evaluate hydration status for adults, particularly
in large-scale investigations where lengthier, resource-intensive
dietary intake assessment techniques are not feasible. Among
nutrition practitioners, this tool could be utilized as a rapid meth-
od to assess total fluid intake and kinds of beverages in Turkey.

Although several hydration status studies have investigated
the response of various biomarkers to changes in beverage in-
take, important theoretical considerations have also been pub-
lished (21,22). We still do not have enough data available in the
literature to set robust biomarkers proxies for fluid intake.

LIMITATIONS

Two primary limitations exist in this investigation. Firstly, par-
ticipants completed the self-administrated BIQ and DIR. So sub-
jects were prone to underestimate their beverage intake when
they kept dietary records.

Secondly, In Turkish society, alcoholic beverages are not con-
sumed in high amounts and at high frequency. Therefore, the
amount of alcoholic beverages in DIR was less than in the BIQ.
In addition, every alcoholic beverage should be combined into
only one category, “alcoholic beverages”. A need for studies that
systematically examine the correlation of beverage intake and
hydration biomarkers in different populations has been demon-
strated.
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