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The impact of fructose, commonly consumed with sugars by
humans, on blood pressure and uric acid has yet to be
defined. A total of 267 weight-stable participants drank
sugar-sweetened milk every day for 10 weeks as part of
their usual, mixed-nutrient diet. Groups 1 and 2 had 9%
estimated caloric intake from fructose or glucose, respec-
tively, added to milk. Groups 3 and 4 had 18% of estimated
caloric intake from high fructose corn syrup or sucrose,
respectively, added to the milk. Blood pressure and uric acid

were determined prior to and after the 10-week intervention.
There was no effect of sugar type on either blood pressure
or uric acid (interaction P>.05), and a significant time effect
for blood pressure was noted (P<.05). The authors conclude
that 10 weeks of consumption of fructose at the 50th
percentile level, whether consumed as pure fructose or with
fructose-glucose–containing sugars, does not promote
hyperuricemia or increase blood pressure. J Clin Hypertens
(Greenwich). 2014:1–8. ª 2014 Wiley Periodicals, Inc.

Despite decades of significant effort, important
advances in science, and numerous educational cam-
paigns, hypertension remains common and is increasing
at a significant rate in the United States.1,2 Hypertension
affects more than 60 million Americans and more than 1
billion individuals worldwide.3 It is the most common,
readily identifiable, and reversible risk factor for stroke,
cardiovascular disease, renal disease, aortic dissection,
peripheral vascular disease, and death. High blood
pressure (BP) accounts for 10% of the total annual
health budget in developed countries.4 The global
burden of hypertension is rising and is projected to
affect more than 1.5 billion persons (one third of the
world’s population) by the year 2025.5 Hypertension,
therefore, remains one of the world’s great public health
problems.
Dietary factors that may increase BP are of significant

interest to physicians and public health officials. While a
number of dietary factors have been associated with
high BP, including salt intake, saturated fat intake, and
overconsumption of calories,1 recent attention has
focused on intake of added sugars in general and
fructose-containing sugars in particular.6,7

Johnson and colleagues6 have proposed a mechanism
linking fructose consumption to increases in BP and
other manifestations of the metabolic syndrome.
According to the theory postulated by these investiga-
tors, the metabolism of fructose leads to consumption of
adenosine triphosphate, which is subsequently degraded

into adenosine monophosphate and ultimately uric acid.
Uric acid then is postulated to lead to endothelial
dysfunction, ultimately causing increases in BP. These
investigators have supported this theory with both
animal8–11 and human data.7 Other investigators, how-
ever, have questioned the relevance of this basic
mechanism and have criticized these studies in partic-
ular for using excessive amounts of fructose well beyond
those normally consumed in the human diet.12–14

Furthermore, several recent systematic reviews and
meta-analyses and cohort studies have not demonstrated
that fructose consumption, when substituted for other
carbohydrates in isocaloric conditions, results in eleva-
tions in BP15 or uric acid.16

Elevated uric acid levels have been associated with an
increased risk for developing hypertension.17–25 In
multiple prospective observational studies, uric acid
level has been demonstrated to be an independent risk
factor for the development of hypertension.17–25

The study reported here was undertaken to explore
the relationship between consumption of fructose-
containing sugars, BP, and uric acid at the normal
range of consumption of fructose in the normal
fructose-containing sugars in the human diet, namely,
high fructose corn syrup (HFCS) and sucrose, compared
with a fructose-only condition and glucose-only control.
We postulated that at normal levels of consumption, in
the normal ways that fructose is consumed in the human
diet (ie, in the presence of glucose such as in HFCS or
sucrose), there would be no increases in BP or uric acid.

MATERIALS AND METHODS

Study Design
This was a prospective, blinded, randomized controlled
trial comparing three different fructose-containing
sugars including HFCS, sucrose, and fructose itself
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delivered at the 50th percentile population consumption
level of fructose (18% calories from HFCS or sucrose or
9% of calories from fructose)26 to a glucose control (9%
of calories). The sugars were delivered in 1% fat milk
(Tetrapak, Denton, TX) as a component of the partic-
ipants’ usual mixed-nutrient diet.

Both participants and staff members were blinded as
to whether participants were consuming sucrose, HFCS,
fructose, or glucose. Staff members were, however,
aware of the amount of calories from sugar that each
participant was consuming since this information was
needed in order to prescribe the correct amount of milk.
This research protocol was approved by the Western
Institutional Review Board. Prior to enrollment, all
participants were required to sign informed consent.

Participants
A total of 366 men and women between the ages of 20
and 60 years with a body mass index (BMI) between
23 kg/m2 to 35 kg/m2 were recruited and randomly
divided into the following four groups: 9% of calories
from fructose, 18% of calories from HFCS, 18% of
calories from sucrose, and 9% of calories from glucose.
A total of 267 individuals completed the 10-week trial
(27% dropout). Only data from those individuals who
completed the study are reported here. Dropouts
occurred for a variety of reasons including dissatisfac-
tion with time commitment for the study, moved from
area, change of job or home location, cost to follow-up,
or withdrawal from study by investigators for failure to
comply with milk consumption. Dropouts did not differ
from completers in any relevant parameter. This infor-
mation is presented in Figure 1.

Individuals could not have been currently enrolled in
a commercial weight loss program or taking weight loss
medication or supplements. Individuals were excluded if
they had experienced a weight change >5 pounds in the
prior 30 days. They could not have been using tobacco
products or have utilized such products in the past year.
Individuals who had thyroid disease and either stopped
taking medication or had a dosage change within the
prior 6 months or a history of major surgery or surgical
procedure for weight loss within the 3 months prior to
enrollment or a history of heart problems (eg, myocar-
dial infarction and bypass surgery) within 3 months of
enrollment were also excluded. Individuals diagnosed
with type 1 or type 2 diabetes or uncontrolled hyper-
tension (≥140/90 mm Hg) were excluded. Individuals
with orthopedic limitations that would interfere with
moderate regular physical activity were also excluded,
as were individuals with a history of gastrointestinal
disorders or diagnosed eating disorders, history or
presence of cancer, or congestive heart failure. Any
individuals consuming ≥14 alcoholic drinks per week
were excluded, as were women who were pregnant,
lactating, or trying to become pregnant. Individuals
with a known allergy to sucrose, HFCS, fructose, or
glucose who had participated in another clinical trial
within 30 days prior to enrollment, as well as lactose

intolerance or any other significant food allergy were
also excluded.

Participant Screening and Measurements
Prospective participants completed a standardized
screening form (online or via phone conversation) based
on self-reported data. Qualified participants reported to
the clinic in a rested and fasted state for verification of
eligibility. Height and weight were measured to ensure
BMI was in the required range. Participants had resting
BP measured using standard procedures. A fasting blood
sample was collected and tested for glucose. Participants
also performed a 2-hour oral glucose tolerance test to
rule out impaired glucose tolerance.

Dietary Plans
Sugar-sweetened, low-fat milk was given to all partic-
ipants to consume daily in the context of a free-living,
nonstructured diet. The energy intake required to
maintain initial body weight was estimated using the
Mifflin-St Jeor equation and applying an appropriate
activity factor determined from a self-reported physical
activity questionnaire. Participants were then randomly
assigned to one of the following four groups:
� HFCS: 18% of weight-maintenance calories provided

by added HFCS in milk.
� Fructose: 9%ofweight-maintenance calories provided

by added fructose in milk.
� Glucose: 9% of weight-maintenance calories provided

by added glucose in milk.
� Sucrose: 18%ofweight-maintenance caloriesprovided

by added sucrose in milk.
Participants were given recommendations on how to

account for the liquid calories, but were instructed to
otherwise make their usual food choices. Compliance
with prescribed consumption levels were assessed by
self-reported checklists that had to be turned in during
weekly clinic visits, during which weight was measured
and a week’s worth of milk distributed. Compliance was
additionally verified by analysis of 3 days of food
records at the beginning and end of the protocol.
Participants were withdrawn if their cumulative con-
sumption fell below 80% of the prescribed amount for
2 weeks.

Dietary intake was measured by analysis of 3-day
food records using the Nutrient Data System for
Research (NDS-R) software (University of Minnesota,
Minneapolis, MN). These were completed prior to the
intervention and again during the final week of the
10-week intervention.

Uric Acid Measurements
The fasting blood sample was also used to measure
fasting uric acid. However, a subset of 78 participants
(HFCS=20, fructose=20, glucose=19, sucrose=19)
underwent two 24-hour stays (prior to the intervention
and again after 10 weeks) in our metabolic unit, during
which the acute response of uric acid was observed. The
metabolic unit procedure has been previously
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described.27 In short, participants were given a
standardized meal at 6 PM the evening before starting
the metabolic unit portion of the study. They then
reported to the metabolic unit between 7 AM and 8 AM

after an over-night fast. An intravenous catheter

was inserted and a fasting blood sample obtained.
Participants were then provided with calorie- and
macronutrient-controlled meals (breakfast, lunch, and
dinner) that contained the appropriate form and amount
of sugar sweetened milk. Breakfast was provided at 9 AM

FIGURE 1. Study schematic. BMI indicates body mass index; PI, principal investigator.
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and additional blood samples were obtained every
30 minutes until midnight, and hourly thereafter until
8 AM. Physical activity was minimized during the visit
and limited to walking through the clinic to go to the
bathroom or to eat meals. Uric acid was measured on
fasting samples and every 2 hours thereafter. Full-day
(23-hour) area under the curve was calculated for each
visit using the trapezoidal method, and post-prandial
responses to each of the three meals were also assessed.

Data Analysis
Data were checked for normalcy and analyzed using a
two-way (group and time) analysis of variance with
repeated measure (ANOVA). Only data on participants
who completed the intervention were included in the
analyses. Significant time by group assignment interac-
tions were probed by using paired t tests to assess the
within-subject change for each group independently. In
addition, changes over the course of 10 weeks (week 10
minus baseline) were calculated and between-group
differences assessed by one-way ANOVA with Tukey’s
post hoc as necessary. For analyses, the alpha was set at
0.05. All data were analyzed using SPSS Advanced
Statistics V-18 (IBM, Armonk, NY).

RESULTS

Demographic Data
The average age of participants was 37.7 years with a
BMI slightly above the healthy weight range (average
BMI=26.3�3.3). Levels of BP, cholesterol, triglycerides,
and glucose were all normal at baseline. Demographic
data are summarized in Table I.

Dietary Intake and Weight
There was an overall increase in energy intake across the
entire study population (2011.8�708.2 kcal vs
2254.6�647.7 kcal, P<.001), but this was not different
among the four groups (interaction P>.05). The increase
in energy intake resulted in an average 2-pound weight
increase in the entire population (weight pre=162.2�
27.3 lb pre vs 164.2�28.1 lb post; P<.001). There were
no differences in weight gain among the four sugar
conditions (interaction P>.05). There was also an
increase in protein intake (86.2�37.6 g vs

99.4�30.9 g, P<.001), while fat intake decreased
(76.8�33.2 g vs 71.2�27.8 g, P<.01). Increases in total
carbohydrates, sugars, and added sugars were observed
in all groups (P<.001), but increases in the two 18%
groups were greater than those in the two 9% groups
for total and added sugars (P<.05), and the increase in
carbohydrate in the 9% groups was significantly differ-
ent than the 18% HFCS group only (P<.05). These data
are summarized in Table II.

Fasting and Resting Measurements
Resting BP decreased for the entire cohort of 268 milk
drinkers (systolic 109.2�10.2 mm Hg vs 106.1�
10.6 mm Hg [P<.001], diastolic: 69.8�8.7 mm Hg vs
68.1�9.7 mm Hg [P<.01]), but sugar type had no effect
on this change for either measure (interaction P>.05).
Fasting uric acid was unchanged over the course of
10 weeks (4.97�1.42 mg/dL vs 4.92�1.33 mg/dL,
P>.05), and was also unaffected by the type of sugar
consumed (interaction P>.05). These data are presented
in Table III.

Metabolic Unit – Uric Acid
In the metabolic ward subset, 24-hour AUC for uric acid
was not different after 10 weeks of sugar-sweetened
milk consumption (93.6�25.8 h*mg/dL vs 96.1�
29.1 h*mg/dL, P>.05). For all measures there was no
effect of sugar type (interaction effects, P>.05). These
data are presented in Figure 2.

DISCUSSION
The results of this study confirmed our hypothesis that
fructose-containing sugars, when consumed over a 10-
week period at average consumption levels (50th
percentile population consumption level for fructose),26

in comparison to glucose control did not result in
increased BP or increases in uric acid.

Our findings that fructose-containing sugars at the
average population consumption level for fructose do
not increase BP are consistent with the systematic
review and meta-analysis published by Ha and
colleagues,15 which analyzed 13 isocaloric and two
hypercaloric trials related to fructose on BP. These
investigators found that fructose intake in isocaloric
exchange for other carbohydrates significantly

TABLE I. Baseline Characteristics of 268 Participants Who Completed the Intervention

Total 18% HFCS 9% Fructose 9% Glucose 18% Sucrose

Age, y 37.66�12.11 36.32�10.72 38.65�12.19 36.10�12.06 39.83�13.19

Weight, lb 162.19�27.24 161.91�25.94 166.61�30.90 159.13�25.88 161.66�27.26

BMI 26.26�3.29 26.25�3.13 26.52�3.33 25.66�3.14 26.75�3.51

SBP, mm Hg 109.18�10.15 108.69�9.65 107.71�10.51 109.17�10.09 111.14�10.28

DBP, mm Hg 69.78�8.69 69.50�9.64 65.67�8.83 68.96�8.34 71.14�8.02

Glucose, mg/dL 90.00�6.47 89.44�6.48 90.48�7.07 90.66�6.14 89.26�6.22

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure. Participants were randomly assigned to receive

18% of calories from high fructose corn syrup (HFCS) or sucrose or 9% of calories from fructose or glucose.
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decreased diastolic BP and mean arterial pressure and
did not significantly affect systolic BP. In the hyperca-
loric-controlled feeding trials reported by Ha and
colleagues there was, once again, no significant effect
of fructose on overall mean arterial BP comparison with
other carbohydrates.
Our findings also mirror those of Forman and

coworkers,28 who prospectively investigated fructose
consumption and the risk of developing hypertension in
three large cohort studies: the Nurses’ Health Study 1
(NHS1), the Nurses’ Health Study 2 (NHS2), and the
Health Professionals Follow-up Study (HPFS), which
together included >200,000 participants. These investi-
gators found that there was no correlation between
fructose consumption and risk of developing high BP.
Our findings are also consistent with reported findings

from other research groups that did not find a relation-
ship between fructose-containing sugars and increases in

uric acid at normal population consumption levels of
fructose. Sun and colleagues29 performed logistic regres-
sion analysis utilizing US National Health and Nutrition
Examination Survey (NHANES) data from a total of
9,381 patients between the ages of 20 and 80 years
without diabetes, cancer, or heart disease and found
that dietary fructose intake was not associated with
increased hyperuricemia risk. Alcohol intake was sig-
nificantly associated with hyperuricemia and increased
fiber intake was significantly associated with decreased
hyperuricemia risk. These same investigators analyzed a
larger NHANES database from 1999 to 2006, which
included 25,506 patients aged 12 to 80 years and found
that fructose consumption was not associated with uric
acid or indicators of the metabolic syndrome.30 Wang
and colleagues16 performed a systematic review and
meta-analysis of controlled feeding trials and found that
when fructose was substituted isocalorically for other

TABLE II. Changes in Energy and Macronutrient Intake over the Course of 10 Weeks of Sugar-Sweetened Milk
Consumption

Grp

Baseline Week 10

Time P Value Interaction P ValueMean SD Mean SD

Energy intake, Kcal HFCS 1929.4 733.7 2390.1 700.7 <.001 .053

Fructose 2065.8 722.9 2195.4 581.7

Glucose 1978.6 644.3 2182.2 636.6

Sucrose 2069.5 711.6 2277.5 668.8

Total 2011.8 708.2 2254.6 647.6

Fat, g HFCS 72.0 29.9 72.3 29.0 .008 .210

Fructose 76.6 34.4 71.3 25.1

Glucose 77.6 35.6 73.3 29.1

Sucrose 80.2 32.3 67.9 28.2

Total 76.8 33.2 71.2 27.8

Carbohydrate, g HFCS 232.9 110.1 334.8a 100.2 <.001 <.001

Fructose 261.0 96.0 293.9b,ca 89.8

Glucose 239.9 87.2 286.0a,c 87.6

Sucrose 253.7 92.5 328.4a 90.8

Total 247.0 96.1 309.1 93.7

Protein, g HFCS 88.9 55.2 105.7 36.2 <.001 .310

Fructose 88.9 31.3 99.2 28.2

Glucose 83.5 31.4 100.5 31.8

Sucrose 84.5 30.5 92.7 26.3

Total 86.2 37.6 99.4 30.9

Total sugar, g HFCS 90.7 56.0 203.0a 56.9 <.001 <.001

Fructose 113.8 50.9 171.6a,c,d 63.6

Glucose 104.2 43.3 160.7a,c,d 51.2

Sucrose 102.7 49.2 203.4a 53.7

Total 103.3 52.7 183.2 59.2

Added sugar, g HFCS 53.9 37.4 129.9a 41.3 <.001 <.001

Fructose 68.8 40.3 95.5a,c,d 39.3

Glucose 61.3 43.1 90.2a,c,d 35.5

Sucrose 60.6 44.1 132.3a 42.7

Total 61.3 41.5 110.5 43.9

Abbreviation: SD, standard deviation. aSignificant change within group (P<.001). bSignificant change within group (P<.01). cChange (post-pre)

significantly different than in the high fructose corn syrup (HFCS) group (P<.05). dChange (post-pre) significantly different than in HFCS and sucrose

groups.
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carbohydrates, it was not associated with increased risk
of elevated uric acid.

Some,31–33 but not all,34 epidemiologic studies have
suggested that high levels of intake of added sugars may
contribute to elevations in BP. In particular, some
epidemiologic studies have suggested that the consump-
tion of sugar-sweetened beverages may result in
increases in BP.32,33 Whether this association is related
to fructose in these beverages is uncertain. The Fra-
mingham Study data have demonstrated an association
between consumption of carbonated soft drinks and

increased odds for developing high BP.33 Stanhope and
colleagues35 did not report adverse effects on BP from
consumption of 25% of energy from pure fructose or
pure glucose. Our current study suggests that fructose-
containing sugars, when consumed at average levels
(50th percentile population consumption of fructose)
compared with glucose control do not result in increases
in BP.

Elevated uric acid levels have been independently
associated with increased risk of developing hyper-
tension.17–25 This association has been examined in
14 studies and all but two have documented it.
Furthermore, uric acid has been associated with
endothelial dysfunction in rat models.36 As already
indicated, the theory by Johnson and associates6,7 is
that uric acid may cause endothelial dysfunction that
contributes to hypertension. Some investigators have
suggested that this model relating uric acid to
endothelial dysfunction may not be the correct
pathophysiologic model of development of high BP
in human beings.28,37 Forman and colleagues28 have
argued that uric acid is a potent antioxidant and this
attribute of uric acid may counteract any tendency
for uric acid to create endothelial dysfunction in
humans. Waring and coworkers38 reported that uric
acid restores endothelial function in patients with
type 1 diabetes and smokers. Thus, uric acid may not
cause endothelial dysfunction in humans in contrast
to rodents. Indeed, uric acid infusion in smokers and
patients with type 1 diabetes has been demonstrated
to improve endothelial dysfunction in humans,
despite a two-fold increase in serum uric acid
concentration.38

TABLE III. Changes in Resting Blood Pressure and Fasting Uric Acid After 10 Weeks of Sugar-Sweetened Milk
Consumption

Group

Baseline Week 10

Time P Value Interaction P ValueMean SD Mean SD

Systolic blood pressure, mm Hg HFCS 108.61 9.70 107.57 11.29 <.001 .081

Fructose 107.71 10.51 105.49 9.97

Glucose 109.17 10.09 104.60 9.78

Sucrose 111.14 10.28 107.25 10.55

Total 109.16 10.17 106.13 10.39

Diastolic blood pressure, mm Hg HFCS 69.48 9.71 68.90 10.78 .003 .510

Fructose 69.68 8.83 67.82 8.91

Sucrose 68.96 8.34 66.12 9.35

Glucose 71.14 8.02 69.81 9.48

Total 69.78 8.70 68.05 9.68

Uric acid, mg/dL HFCS 4.84 1.37 4.91 1.39 .375 .562

Fructose 5.08 1.37 5.02 1.33

Sucrose 5.06 1.48 4.94 1.38

Glucose 4.88 1.45 4.83 1.25

Total 4.97 1.42 4.92 1.33

Abbreviations: HFCS, high fructose corn syrup; SD, standard deviation. Blood pressure was measured in the right arm sitting after 5 minutes of quiet

rest using standard techniques.

FIGURE 2. Entire day (23-hour) area under the curve (AUC) for uric
acid under standardized feeding conditions. HFCS indicates high
fructose corn syrup.
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STUDY STRENGTHS AND LIMITATIONS
The strengths of the current study involve the fact that it
was the first blinded, randomized, controlled trial with a
large sample size to our knowledge that explored
normal population consumption levels of fructose com-
pared with glucose. Weaknesses include that patients
were followed for only 10 weeks and that those older
than 60 years, children, and adolescents were excluded.
Adolescents represent the single, highest fructose-con-
suming group in the United States.26 In addition, office
BP may not reflect true BP and 24-hour ambulatory BP
was not obtained, which should be taken into account
when evaluating our results. Our study reports only BP
response to average levels of fructose-containing sugars.
Responses to higher levels of sugars cannot be deter-
mined from this study. This level was chosen because of
concern that higher levels of sugar consumption might
lead to weight gain and potentially confound BP results.
Even at the 50th percentile population consumption
level of fructose, an average weight gain of 2 pounds
occurred during the 10-week trial across the entire
population studied. We have reported elsewhere, how-
ever, similar results on cardiovascular risk factors from
individuals consuming up to the 90th percentile popu-
lation consumption level of fructose.39 We must also
acknowledge that the interpretation of the metabolic
unit uric acid data should be treated with more caution
because of the much smaller sample size.
It should also be noted that all of the sugars in this

study were delivered in 1% low-fat milk. This may
represent a potential confounder since the calcium or
proteins40,41 found in milk may be associated with
decreased BP.
Finally, it should be noted that HFCS, sucrose,

glucose, and fructose could not be measured directly
in the diets, so the actual differences in intake of
these two sugars remain unknown, which should also
be taken into consideration when interpreting these
data.

CONCLUSIONS
The findings from this randomized controlled trial
suggest that fructose-containing sugars do not raise BP
or uric acid at average levels of human consumption. This
study adds to the expanding literature that at normal
human consumption levels of fructose-containing sugars
there are no increases in either BP or uric acid.
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