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Abstract
Urinary sugars excretion has been proposed as a potential biomarker for intake of sugars. In this
study we compared two analytical methods [gas chromatography (GC) and enzymatic reactions –
UV absorption] for quantifying urinary fructose and sucrose using 24-hour urine samples from a
randomized cross-over controlled feeding study. All samples were successfully quantified by the
GC method; however 21% and 1.9% of samples were below the detection limit of the enzymatic
method for sucrose and fructose, respectively. While the correlation between the two methods was
good for fructose (Pearson correlation 0.71), the correlation was weak for sucrose (Pearson
correlation 0.27). We favor the GC method due to its better sensitivity, simplicity, and the ability
to quantify fructose and sucrose directly in the same run. Of the 106 samples from 53 participants
with complete urine collection after two study diets, 24-hour urinary fructose excretion was
significantly associated with fructose intake. The sum of 24-hour urinary fructose and sucrose was
significantly associated with total sugars consumption. However, variation in intakes of sugars
explained only a modest amount of variation in urinary sugars excretion. In the unadjusted
models, fructose intake explained 24.3% of urinary fructose excretion; and intake of total sugars
16.3% of the sum of urinary fructose and sucrose. The adjusted models explained 44.3% of
urinary fructose excretion and 41.7% of the sum of urinary fructose and sucrose. Therefore, we
caution using these biomarkers to predict sugars consumption before other factors that determine
urinary sugars excretion are understood.
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1. Introduction
Consumption of sugars, particularly added sugars, has increased substantially in the US diet
in the past several decades [1, 2]. Intake of sugars, as per capita intake of caloric sweeteners,
has increased 39% between 1950-59 and 2000 [3]. In 2005, the estimated daily added sugars
consumption per person averaged 30 teaspoons [4]. Major sources of added sugars in the
American diet are sodas and energy/sports drinks, sugar-sweetened fruit drinks, dairy- and
grain-based desserts, and candy [5]. In 2005 - 2008 among US adults ≥ 20 years of age, it is
estimated that 50% and 33% of white men and women, 73% and 65% of black men and
women, and 76% and 62% of Mexican American men and women, respectively, consumed
more than the recommended limit of 36 oz (4.5 8-oz servings) sugar-sweetened beverages
per week. Approximately two thirds of white and black men and women and half of all
Mexican American men and women consumed more than the recommended limit of 2.5
servings of sweets and bakery desserts per week [6]. In observational studies, higher
consumption of sugars has been associated with obesity and a range of chronic diseases such
as metabolic syndrome, type 2 diabetes, cardiovascular disease and cancer [7-9]. However,
other studies showed no association [10-12]. Such inconsistency may be the result of
measurement error associated with commonly used dietary assessment tools such as 24-hour
dietary recalls (HDR) and food frequency questionnaires (FFQ). Furthermore, error may
also be introduced by the varied terminology that exists to define dietary sugars and the
limited information from food composition databases to quantify intake of sugars [13, 14].

It has been shown that the correlation between intakes measured by FFQ and those by a
more comprehensive 7-day dietary record is particular poor for socially undesirable foods
[15]. Objective biomarkers, such as doubly labeled water and urinary nitrogen, have shown
the high prevalence and extent of underreporting of both energy and protein intake [16, 17].
Therefore, it is highly likely that consumption of sugars has also been underreported.
Several studies have evaluated the potential of urinary sugars excretion as a biomarker of
sugars consumption [18-23]. These studies have observed statistically significant
associations between intake of sugars and urinary sucrose and/or fructose. Recently urinary
fructose and sucrose, biomarkers calibrated in a feeding study [19], was applied to the
Observing Protein and Energy Nutrition (OPEN) study to assess measurement error (ME) in
self-reported intake of sugars [24]. The authors concluded that “Both the FFQ and 24HDR
were found to be biased; hence, incorporation of the sugars biomarker in calibration studies
within the cohorts may be necessary to more reliably estimate associations of sugars and
disease.” The authors also pointed out that “the biomarker ME parameters used here were
estimated on the basis of only one feeding study with a limited sample size. More such
studies, preferably conducted across different populations, are needed to investigate the
stability of the parameters used in this analysis.”

In these previous studies, an enzymatic method was used to determine urinary sugars
content. We found this method cumbersome and having high inter-batch variation,
especially for sucrose. Gas chromatographic analysis of dietary mono- and disaccharides in
human blood and urine had been previously described in the literature [25]. We and others
routinely use GC to measure probe sugars in urine to test for intestinal permeability [26, 27].
We therefore adapted and modified the GC method as an alternative to quantify urinary
fructose and sucrose. In this study, we measured the 24-hour urinary fructose and sucrose
content of samples collected on the last day of each feeding period of a randomized cross-
over controlled feeding study of low- and high-glycemic load (GL) diets. We compared the
results of the two analytical methods and evaluated the relationship between the sum of
urinary sucrose & fructose and intake of total sugars as in the OPEN study. We also
examined the relationship between urinary fructose and total fructose intake. Our hypotheses
were (1) the GC method is better than the enzymatic method in measuring urinary sugars
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content; and (2) urinary sugars excretion is significantly associated with dietary sugars
intake in the Carbohydrates and Related Biomarkers (CARB) study.

2. Methods and materials
2.1. Controlled feeding study design, participants and study diets

Urine specimens for the analytical methods comparison were from a previous study, the
Carbohydrates and Related Biomarkers (CARB) Study. The CARB study, conducted
between June 2006 and July 2009, was a randomized, cross-over, feeding study testing low-
and high-GL diets as described previously [28]. Participants were healthy, nonsmoking men
(n = 41) and women (n = 41), aged 18–45 y. They were block-randomized on body mass
index (BMI > 18.5 to <25.0 kg/m2 and ≥ 28.0 to 40.0 kg/m2), sex and race/ethnicity
(African American, Hispanic, and all others) using a cross-over design where each
participant received two isocalorically controlled experimental diets (low GL and high GL)
in random order. Participants consumed each diet for 28 days with 28-d washout period in
between when they resumed their habitual diet. Participants completed 3-d diet records to
estimate their habitual energy intake as part of baseline data collection. These data, together
with individually calculated results from the Mifflin equation [29], was used to estimate
each person’s energy needs during the feeding study. Within each intervention diet, we
created a 7-d menu rotation using ProNutra (version 3.2, Viocare). The two diets were
designed to be identical in macronutrient composition (15.0% energy from protein, 30.0%
energy from fat, and 55.0% energy from carbohydrate); the diets differed only by GL (125
vs. 250 for the low- and high-GL diets, respectively) and fiber (55 and 28 g/d for the low-
and high-GL diets, respectively). Participant weight was monitored thrice weekly and
energy adjustments were made (in 200-kcal increments) as needed to maintain baseline
weight. The energy intake on the last day of intervention ranged from 1357 to 3643 kcal
with a mean of 2549 kcal. Consequently, the absolute amount of sugars intake varied from
person to person, although for each participant during each of the 28-d trial diet periods,
sugars intake stayed consistent. This study provided a good range of intakes of sugars in a
controlled, experimental setting. Sugars content of the diets was calculated using
ProNutra®: Metabolic Diet Study Management System (Viocare Technologies, Inc.
Princeton, NJ), which uses the USDA Nutrient Database for Standard Reference (version
18), and the Nutrition Data System for Research (version 2005, Nutrition Coordinating
Center, University of Minnesota). Study procedures were approved by the Institutional
Review Board of the Fred Hutchinson Cancer Research Center (FHCRC) and all
participants provided written, informed consent.

2.2. Urine Collection, Handling, and Storage
Study participants were instructed to collect a 24-hour urine sample on the last day of each
of the two feeding periods. The first urine void in the morning was discarded and all urine
voids thereafter were collected for the next 24 hours into bottles provided to the participants.
Participants were instructed to refrigerate all urine collections without any addition of
preservatives. Any incomplete or lost void was recorded by participants. Completed urine
collections were brought to the FHCRC clinic the next day. Aliquots of urine samples were
stored at −80°C. To determine compliance with 24-hour urine collection, we used the intra-
individual variation of body-weight related 24-hour creatinine excretion [30]. Creatinine
excretion in urine was measured by a commercial laboratory using a colorimetric and kinetic
methodology. The urine collection was considered complete if the coefficient of variation
(CV) of intra-individual creatinine excretion was 15% or less [30]. Of the 82 enrolled CARB
study participants, 77 had urine collection for both diet periods. One participant’s urine from
one diet had extremely high sugar content for unknown reasons. Therefore, this participant
was excluded from further data analysis. 18 participants recorded incomplete urine
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collection for at least one of the two samplings. 13 of these did not pass the creatinine
criterion. Overall 53 subjects had complete 24-hour urine collections using the CV of intra-
individual creatinine excretion ≤15% criterion.

2.3. Urinary fructose and sucrose analysis using enzymatic method
Sucrose and fructose contents of 24-h urine samples were analyzed with a test kit for
enzymatic analysis of sucrose, fructose and glucose (Sucrose/D-Glucose/D-Fructose;
Boehringer Mannheim, R-Biopharm, Enzymatic BioAnalysis/Food Analysis) as described
previously [19, 23], using a UV reader (Spectro-Max) to measure light absorbance (at
340nm). In an attempt to increase the throughput of the assay, we used 96-well plate format
instead of cuvettes. The volume of urine used was 120 μl. The limit of quantitation (LOQ)
for both fructose and sucrose was 0.005 mg/ml. A calibration curve was included on each
plate, and samples were run in singlet.

2.4. Urinary fructose and sucrose analysis using gas chromatography
Urine samples were thawed, vortexed, and centrifuged to remove any sediment. 125 μl urine
or standard mix and 5 μl internal standard (inositol and turanose at 10 mg/ml each) were
added to a 2.0 ml eppendorf tube. A 6-level standard curve was constructed with sucrose and
fructose at 0.005, 0.01, 0.02, 0.06, 0.19, and 0.56 mg/ml each. Samples were evaporated
under nitrogen at 70°C to dryness. 200 μl oxime solution (25 mg/ml hydroxylamine
hydrochloride in pyridine) was added to each sample. After incubating at 70°C for 1 hour,
samples were centrifuged at 1,090 × g for 5 min. 100 μl supernatant was added to 1.5 ml
eppendorf tube containing 100 μl silylating solution [1-(trimethysilyl)imidazole]. Samples
were then incubated at 70°C for 30 minutes and evaporated under nitrogen at 70°C. 50 μl of
pyridine saturated with hydroxylamine hydrochloride was added to each sample, followed
by 200 μl hexane. Samples were vortexed and centrifuged at 1,300 × g for 10 min. 100 μl of
the upper phase was transferred to an eppendorf tube and evaporated to dryness under
nitrogen at 70°C. Samples were then reconstituted in 100 μl hexane, vortexed and
centrifuged again at 1,300 × g for 10 min. 50 μl was transferred for GC analysis. The LOQ
for both sugars was 0.001 mg/ml.

GC 7890 and column DB-1701 (30m × 0.250mm × 0.25 μm with 10 m guard column) were
from Agilent Technologies (Santa Clara, CA). GC parameters were as follows: injector
temperature 250°C, detector temperature 280°C, and initial oven temperature 180 °C, 5 min
hold, 10°C/min to 240°C, 5°C/min to 260°C, 3.5°C/min to 274°C, hold 7 min. 2ul injection
volume, and 1:50 split ratio. The carrier gas was helium at constant pressure of 20 psi.
Hydrogen (35ml/min) and air (350ml/min) were used for the flame ionization detection.
Makeup gas was nitrogen at 35 ml/min.

To eliminate the possibility that the GC method was measuring co-eluting unknown
factor(s) besides fructose and sucrose, we tested other dietary sugars including glucose,
lactose, maltose, galactose, and mannitol. All had different and distinct retention time from
fructose and sucrose (data not shown).

2.5. Statistical analyses
Calculation of total sugars in the diet included monosaccharides (galactose, glucose, and
fructose) and disaccharides (sucrose, lactose, and maltose). The dietary fructose values
included both intrinsic and extrinsic fructose and were calculated as fructose plus half of
sucrose. Excretion was measured as fructose and sucrose excretion per 24-hour urine.
Scatter plots, Pearson correlation, and paired t-test were used to compare the enzymatic and
chromatographic methods for measuring fructose and sucrose in urine. Data were presented
as means ± SD.
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Urinary sugars excretion values of the 53 participants with complete 24-h urine collection
were natural log transformed prior to further analysis to correct the right skew of the data.
To account for correlated data due to two measurements from each participant, we used
Generalized Estimating Equation (GEE) with robust standard errors to evaluate the
relationship between intake of sugars and excretion. During each of the 28-day trial diet
periods, intake of sugars for each participant varied little from day to day. Previous study
also has shown that sugars appear in urine less than one hour after oral administration [25],
we therefore chose last day fructose intake or last day intake of total sugars as predictor
variable. In the adjusted models, we controlled for age, gender, and total percent body fat
measured by dual-energy X-ray absorptiometry (DEXA). Participants were recruited based
on their BMI (18.5 - 25.0 kg/m2 and 28.0 - 40.0 kg/m2), however their percent body fat as
measured by DEXA had a relative normal distribution. Therefore percent body fat was
adjusted as a continuous variable. β-coefficients, 95% confidence intervals, and p-values
were presented. To estimate the contribution of intake of sugars on urinary sugars excretion,
R2 from linear regression models was used. For subgroup analysis by diet (high and low
GL), and by BMI (normal weight and overweight/obese), linear regression models were
used.

All statistical analyses were performed using Stata/SE 12.1 (College Station, TX). All
statistical tests are two-sided with significance level set at 0.05.

3. Results
3.1. Comparison of two analytical methods for urinary sugars measurement

Previous studies exploring the utility of urinary sugars as intake biomarkers used an
enzymatic method. Besides the enzymatic method, we also used a GC method to measure
urinary fructose and sucrose. In spike-recovery experiments of the GC method, fructose and
sucrose standards were spiked into test urine samples at levels similar to what we found in
urine. The average recovery was 95 ± 20% and 110 ± 6% for fructose and sucrose,
respectively. The two methods were compared using 157 samples from 81 participants, 5 of
which had a urine sample from only one of the two diets. Of the 157 study samples, the
enzymatic method failed to detect sucrose in 33 and fructose in 3 samples. However, all
samples were successfully measured by the GC method. Scatter plots (Figure 1) showed
weak correlation of urinary sucrose between the two analytical methods (Pearson correlation
0.27, p < 0.0001); however the correlation for fructose was substantial (Pearson correlation
0.71, p = 0.0007). The Lowess smoother (not shown) flattened after fructose excretion
reached about 100 mg per 24-h, indicating possible saturation of the enzymatic method at
higher concentrations of fructose. Of the 154 samples with quantifiable urinary fructose
levels from both methods, values from the GC method tended to be higher with a mean
difference of 7.37 mg per 24-h urine [95% CI: (3.52, 11.23), p = 0.0002; Table 1]. Of the
124 samples with quantifiable urinary sucrose levels from both methods, values from the
GC method tended to be lower with a mean difference of 9.91 mg per 24-h urine [95% CI:
(6.27, 13.56), p < 0.00005].

A pooled urine sample as well as a negative control was included with each batch of study
samples to monitor assay performance throughout the study. For the GC method, intra assay
CV was 2.21% and 1.98% for fructose and sucrose respectively; and inter assay CV 7.32%
and 3.20%. The enzymatic method had intra-assay CVs of 5.33% and 6.65% for fructose
and sucrose respectively. It had an inter-assay CV of 4.58% for fructose; however, sucrose
was below the limit of quantitation in the quality control urine. Our data suggest that the GC
method is preferable for the quantification of urinary sucrose and fructose. Subsequent
analyses are therefore based on the results from the GC method only.
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3.2. The relationship between urinary fructose excretion and fructose intake
Table 2 summarizes the characteristics of the 53 participants who had complete 24-hour
urine collection on the last day of each of the two study diets. Last day total fructose intake,
which was calculated as the sum of fructose and half of sucrose, ranged from 26 g to 167 g
with a mean of 80 g (Table 3). A total of 106 data points from the GC method were
available for the analysis. In the unadjusted regression model, the natural log transformed
24-h urinary fructose was significantly associated with last day total fructose intake [β =
0.0110, 95% CI: (0.0079, 0.0140), p < 0.0005; table 4]. Therefore, if we compared two
groups of people with a 10g difference in daily fructose intake, we would expect 11.62%
higher median 24-h urinary fructose in the higher intake group compared to the lower intake
group.

After controlling for age, gender, and percent body fat, the coefficient for fructose intake
increased to 0.0125 [95% CI: (0.0094, 0.0156); table 4]. Gender (p < 0.0005) and total
percent body fat measured by DEXA (p = 0.003) were also significant predictors of fructose
excretion.

The ranges of fructose intake were distinct and narrow for each diet (Figure 2 A). We
performed subgroup analyses (high and low GL diets) unadjusted and adjusted for age,
gender, and percent body fat. With low GL diet, the natural log transformed 24-h urinary
fructose was significantly associated with last day total fructose intake in the unadjusted
model [β = −0.0058, 95% CI: (−0.01166, −0.00002), p = 0.049]. All other analyses did not
show statistically significant associations of urinary fructose with fructose intake (data not
shown).

We also performed subgroup analyses by BMI (normal weight and overweight/obese). The
natural log transformed 24-h urinary fructose was significantly associated with last day total
fructose intake in both unadjusted and adjusted models in each BMI group (data not shown).

3.3. The relationship between the sum of urinary fructose & sucrose excretion and intake
of total sugars

Last day intake of total sugars ranged from 82 g to 295 g with a mean of 176 g (Table 3).
The natural log transformed sum of 24-h sucrose and fructose excretion was significantly
associated with last day intake of total sugars (table 5). After adjusting for age, gender, and
percent body fat, the β coefficient changed from 0.0054 in the unadjusted model to 0.0077.
Therefore, if we compared two groups of people with a 10 g difference of total sugars
intake, we would expect median 24-h urinary fructose plus sucrose of the higher intake
group to be 5.57% and 8.05% higher than that of the lower intake group in the unadjusted
and adjusted models respectively. Gender and total percent body fat measured by DEXA
were also significant predictors of the sum of urinary fructose & sucrose (p < 0.0005 for
both).

The ranges of total sugars intake were distinct for each diet (Figure 2 B). We performed
subgroup analysis (high and low GL diets) unadjusted and adjusted for age, gender, and
percent body fat. With high GL diet, the natural log transformed sum of 24-h urinary
fructose and sucrose was significantly associated with last day total sugars intake in the
adjusted model [β = 0.0055, 95% CI: (0.0015, 0.0095), p = 0.008]. All other analyses did not
show statistically significant association of sum of urinary fructose and sucrose with total
sugars intake (data not shown).

We also performed subgroup analyses by BMI (normal weight and overweight/obese). The
natural log transformed sum of 24-h urinary fructose and sucrose was significantly
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associated with last day total sugars intake in both unadjusted and adjusted models in each
BMI group (data not shown).

4. Discussion
In this study we compared GC and enzymatic methods to measure urinary fructose and
sucrose. There was a statistical significant difference between the means of urinary sugars
measured by the two methods. However, it is not uncommon for the absolute quantity of an
analyte to differ when different analytical methods are used. Further, the reagent kit for the
enzymatic method was designed for food analysis, not for biological samples. Inhibitor or
other materials present in urine may interfere with the assay, and non-specificity of the
enzymes could have given artificially higher values. For example β-fructosidase hydrolyzes
the β-fructosidic bond in not only sucrose but also other glycosides. Nonetheless, the
correlation between the two methods was good for fructose, but weak for sucrose. LOQ of
the enzymatic method was 0.005 mg/ml and GC method 0.001 mg/ml. The enzymatic
method failed to measure sucrose concentration in 33 of the 157 (21%) urine samples.
Results of the GC method indicated that 17 of the 33 samples should have been above the
LOQ of the enzymatic method. The enzymatic method relies on three different enzyme
reactions, which can introduce variation at several steps in the assay. In contrast, the GC
method is relatively simple, measures multiple sugars in the same run, and reads the
analytes’ concentration directly off the standard curve. In addition, the GC method has better
sensitivity and the starting urine volume can be potentially increased to accommodate
samples with low concentrations of sugars. Thus, our hypothesis of GC as a better method is
supported by the data presented in this study.

We showed the utility of this GC method of measuring urinary fructose and sucrose in a
controlled feeding study, the CARB study. Means ± SD urinary recovery (as percentage of
intake) was 0.024 ± 0.013% (range 0.001 - 0.094%) and 0.075 ± 0.039% (range 0.013% -
0.211%) for sucrose and fructose respectively of the 106 samples from the 53 participants
who had complete urine collection. The sum of urinary sucrose and fructose as percentage of
total sugars intake ranged from 0.010% to 0.097% with a mean of 0.022% (SD 0.043%).
Further analysis of the 106 samples indicated that 24-hour urinary fructose excretion was
statistically significantly associated with fructose intake. The sum of 24-hour urinary
fructose and sucrose was statistically significantly associated with total sugars consumption.
The association was attenuated in subgroup analyses stratified by high/low GL diets
presumably due to narrow ranges of sugars intake in each diet. The results from the overall
analyses of the 106 samples and from subgroup analyses stratified by BMI confirmed our
hypothesis that urinary sugars excretion is significantly associated with dietary sugars intake
and were consistent with those previously reported by Tasevska et al [19].

Despite the significant positive association between urinary sugars excretion and intake of
dietary sugars, fructose intake alone explained only 24.3% of urinary fructose excretion, and
intake of total sugars explained only 16.3% of the sum of urinary fructose and sucrose in our
CARB study samples. These are comparable to other dietary biomarkers such as serum folic
acid and carotenoids [31, 32], but substantially lower than those reported by Tasevska et al
[19, 22]. In their “dose-response study”, intake of total sugars explained 74% of the
variability in urinary sugars (sum of sucrose and fructose) and in their “habitual varying diet
study”, 72% [19]. In another study, the authors reported that extrinsic sugars explained 64%
of the variability in urinary sugars in their “habitual varying diet study” subjects [22]. There
are several important differences between our study and theirs. Our study participants were
free-living, reporting to the FHCRC Prevention Center daily, whereas the participants in the
studies of Tasevska et al. lived in the volunteer suite of the Medical Research Council Dunn
Human Nutrition Unit — a more controlled environment. Our statistical models included
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data from a very heterogeneous group of 53 people. Their studies had a smaller sample size
with 12 male participants in the dose-response study and 13 (7 males and 6 females) in the
habitual varying diet study. It is possible their participants were more homogeneous in terms
of currently unknown factors that determine urinary sugars excretion. In addition, for
regression analyses they used the mean values of multiple day dietary intake and urinary
excretion while we used single individual values (last day of each of the 28-d study diet
periods).

We used CV of intra-individual creatinine excretion ≤15% as a criterion for completeness of
24-h urine collection. Since creatinine was used as within person criterion, we were not
concerned with endogenous factors such as age, gender and muscularity that affect
creatinine elimination. Meat content is the primary dietary factor on urinary creatinine
elimination. In our study, meat source and amount remained the same for each calorie level,
i.e. for each participant. 13 (72%) of the 18 participants who recorded incomplete urine
collection for at least one of the two time points did not pass the creatinine criterion,
indicating using creatinine criterion was adequate. Additional 10 participants were
eliminated by the creatinine criterion. This could have been attributed to mis-reporting by
study participants or we could have excluded participants unnecessarily.

There are several strengths of our study. Participants consumed a variety of food in a
controlled, experimental setting. The isocaloric study diets provided a good range of intakes
of sugars. Participants represented a diverse population with a range of adiposity. We used
two analytical methods to measure urinary sugars contents and chose the results from the
preferred method, GC, for regression analysis. The limitation of our study is that we had a
single 24-h urine collection on the last day of each of the 28-d study diets. Therefore we
were not able to evaluate the intra-person variation of urinary sugars excretion while
consuming the same amount of sugars. However this reflects the reality we often face using
biomarkers in observational studies in which we may have only single day or spot urine
collection. Another limitation is that urine specimens were not kept cold while participants
transported them from their homes to FHCRC clinic. Due to lack of preservative, there is a
chance of sugars degradation during transportation. However, since all participants lived
nearby, the duration samples were not in cold storage was limited.

In conclusion, we used a GC method to further evaluate the utility of urinary sucrose and
fructose as biomarkers of sugars intake. Compared to the enzymatic method used
previously, the GC method was more sensitive and less cumbersome, lending itself well to
measuring large numbers of samples from observational studies. However, very small
amounts of fructose and sucrose (0.075% and 0.024% of intake respectively) were excreted
in urine and intake of sugars only explained a modest amount of urinary fructose and
sucrose excretion. Even in our adjusted models, which controlled for age, gender, and
percent body fat, only 44.3% of the variation in urinary fructose and 41.7% of the variation
in the sum of urinary fructose and sucrose were explained. This suggests that other factors
are contributing to the variation in urinary sugars excretion. More studies are needed to
understand what other factors determine the excretion of sugars and to establish a better
prediction model that includes these other determinants.
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Abbreviations

GC gas chromatography

HDR - hour dietary recalls

FFQ food frequency questionnaires

OPEN Observing Protein and Energy Nutrition

ME measurement error

GL glycemic load

CARB Carbohydrates and Related Biomarkers

BMI body mass index

FHCRC Fred Hutchinson Cancer Research Center

CV coefficient of variation

LOQ limit of quantitation

GEE Generalized Estimating Equation

DEXA dual-energy X-ray absorptiometry
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Fig. 1.
Scatter plot of 24-h urinary sucrose and fructose contents in 157 samples measured by
enzymatic and GC methods. Linear regression lines are shown. Pearson correlation 0.27 for
sucrose and 0.71 for fructose.
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Fig. 2.
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Scatter plot of 24-h urinary sugars measured by GC method in 106 samples from 53
participants who had complete urine collection versus intake of sugars. Solid Diamond –
samples from high GL diet; Open Square – samples from low GL diet. Linear regression
lines are shown. Solid line – overall; dash line – high GL; dot line – low GL.
A. urinary fructose vs. intake of fructose. B. sum of urinary fructose and sucrose vs. intake
of total sugars.
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Table 2

Characteristics of 53 study participants who had complete 24-hour urine collection on the last day of each of
the two study diets

Normal weight participants
a

BMI (18.5-24.9 kg/m2)
Overweight/obese participants

b

BMI (28.0-40.0 kg/m2)

Age (yr)
c 28.8 ± 6.5 34.7 ± 8.8

Male sex [n (%)] 14 (53.8) 13 (48.1)

Race/ethnicity [n (%)]

 White 12 (46.1) 17 (63.0)

 African American 2 (7.7) 5 (18.5)

 Asian 6 (23.1) 0 (0)

 Other 6 (23.1) 5 (18.5)

Weight (kg)
c 66.1 ± 7.8 96.6 ± 19.3

Body mass index

(kg/m2)
c 22.2 ± 1.7 32.1 ± 3.7

Body fat (%)
c
, female 31.4 ± 5.4 46.9 ± 5.4

Body fat (%)
c
, male 19.4 ± 5.1 33.4 ± 5.0

a
n = 26

b
n = 27

c
Values are means ± SD
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Table 3

Sugars intake of 53 study participants who had complete urine collections from both study diets

Total sugars intake (g)
a

Fructose intake (g)
b Sucrose intake (g)

High GL diet 146 ± 30 (82 - 213) 55 ± 13 (26 - 82) 65 ± 15 (27 - 110)

Low GL diet 205 ± 40 (119 - 295) 106 ± 22 (60 - 167) 65 ± 13 (28 - 94)

Overall 176 ± 46 (82 - 295) 80 ± 31 (26 - 167) 65 ± 14 (27 - 110)

Values are means ± SD (range)

a
Total sugars intake was calculated as the sum of dietary monosaccharides (galactose, glucose, and fructose) and disaccharides (sucrose, lactose,

and maltose) on the last day of the study diet corresponding to the day of urine collection

b
Fructose intake included both intrinsic and extrinsic fructose and was calculated as fructose plus half of sucrose on the last day of the study diet

corresponding to the day of urine collection
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Table 4

Association between 24-h urinary fructose excretion (natural log transformed) and dietary fructose intake in
53 participants after 2 different diets

GC method

Parameter β 95% CI p

Unadjusted
model

Fructose
intake 0.0110 (0.0079, 0.0140) <0.0005

Adjusted
model

Fructose
intake 0.0125 (0.0094, 0.0156) <0.0005

Age −0.0031 (−0.0147, 0.0086) 0.605

Gender 0.7005 (0.4281, 0.9729) <0.0005

% body fat −0.0182 (−0.0302, −0.0062) 0.003

Generalized Estimating Equation (GEE) analysis using Stata/SE 12.1
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Table 5

Association between 24-h urinary fructose plus sucrose excretion (natural log transformed) and intake of
dietary total sugars in 53 participants after 2 different diets

GC method

Parameter β 95% CI p

Unadjusted
model

Intake of
total sugars 0.0054 (0.0034, 0.0074) <0.0005

Adjusted
model

Intake of
total sugars 0.0077 (0.0057, 0.0098) <0.0005

Age −0.0040 (−0.0135, 0.0055) 0.411

Gender 0.7201 (0.4840, 0.9562) <0.0005

% body fat −0.0169 (−0.0262, −0.0076) <0.0005

Generalized Estimating Equation (GEE) analysis using Stata/SE 12.1
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