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Influence of daily fresh pear consumption on
biomarkers of cardiometabolic health in middle-
aged/older adults with metabolic syndrome: a
randomized controlled trial
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Previous research suggests potential for fresh pears as a functional food for promoting cardiometabolic
health. The purpose of this randomized, open-label, placebo-controlled, crossover clinical trial was to
evaluate the influence of daily fresh pear consumption on blood pressure (primary outcome) and other
biomarkers of cardiometabolic health in middle-aged/older adults with metabolic syndrome (MetS). Forty
men and women aged 45-65 years with MetS were included and randomly assigned to receive either
two medium-sized fresh pears (Pear) or a calorie-matched control drink (Control) per day for each
12-week treatment period, each separated by a 4-week washout period. After 12 weeks of daily fresh pear
consumption, systolic blood pressure tended to be reduced (130 + 2 mmHg vs. 134 + 2 mmHg at base-
line, P = 0.07) and pulse pressure was significantly reduced (51 + 1 vs. 54 + 1 at baseline, P < 0.05). At 12
weeks, leptin concentrations were lower in the Pear group than Control (52.5 [7.6, 120.5] ng dL™! vs. 53.4
(5.0, 120.5] ng dL™, respectively, P < 0.05), and there was a significant group by time interaction (P <
0.05). Leptin concentrations were significantly reduced at 12 weeks compared to baseline in the Pear
group (52.5 [7.6, 120.5] ng dL™* vs. 54.8 [6.4, 120.5] ng dL™* at baseline, P < 0.05) but not in the Control
group. Waist circumference was significantly reduced at 12 weeks in the Pear group (107.7 + 2.0 cm vs.
108.4 + 2 cm at baseline, P < 0.05) with a trend for a group by time interaction (P < 0.1), and significantly
lower in the Pear group than Control (108.1 + 2.0 cm vs. 108.8 + 2 cm, P < 0.05) at 6 weeks with a signifi-
cant group by time interaction (P < 0.05). Conversely, values were significantly increased at 6 weeks
(108.8 + 2 cm vs. 108.3 + 2.0 cm at baseline, P < 0.05) in the Control group and sustained at 12 weeks.
Waist-to-hip ratio was significantly reduced (0.92 + 0.01 vs. 0.93 + 0.01 at baseline, P < 0.05) at 12 weeks
in the Pear group, and significantly lower than Control at 6 weeks (0.93 + 0.01 vs. 0.93 + 0.01, respect-
ively, P < 0.05) and 12 weeks (0.92 + 0.01vs. 0.93 + 0.01, P < 0.05). These findings suggest that daily fresh
pear consumption may promote modest improvements in cardiometabolic health in middle-aged/older
adults with MetS. This trial was registered at clinicaltrials.gov as NCT02228837.

1. Introduction
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abnormalities including abdominal obesity, atherogenic dysli-
pidemia, elevated blood pressure and blood glucose levels,
and a pro-inflammatory and pro-thrombotic state." Individuals
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liver disease, as well as all-cause mortality.>* The prevalence
of MetS increases with age.”® In fact, data from the National
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2003-2012 revealed that 35% of all adults and 50% of adults
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aged 60 years and older in the United States (U.S.) have MetS.°
As the demographic shifts to a more aged population in the
U.S. and worldwide, the prevalence of MetS will likely increase.
Aside from increasing the risk of chronic disease and mor-
tality, the medical treatments for MetS and its comorbidities
are associated with a significant economic burden for affected
individuals and the U.S. healthcare system.” For these reasons,
the identification, examination, establishment, and dissemina-
tion of efficacious, safe, cost-effective, and feasible interven-
tions for the prevention and treatment of MetS in aging indi-
viduals are needed.

The etiology of MetS is complex and is thought to be multi-
factorial; however, the predominant risk factors include
abdominal obesity and insulin resistance."”* Abdominal
obesity is characterized by an accumulation of subcutaneous
and visceral adipose tissue. Current knowledge indicates that
visceral adipose tissue is the primary driver of the cardiometa-
bolic abnormalities associated with MetS, including insulin re-
sistance.® Other contributing factors include physical inactiv-
ity, aging, and menopause.’ Although a poor diet is not con-
sidered to be a risk factor for MetS per se, it is highly associ-
ated with an increased risk for MetS."

Lifestyle interventions including weight loss, a healthy
dietary pattern, and regular physical activity are recommended
as initial therapies for the treatment of MetS."* With respect
to diet, several evidence-based healthy dietary patterns exist
including the Healthy U.S.-Style Eating Pattern, the Dietary
Approaches to Stop Hypertension diet, and the Mediterranean
dietary pattern. A central theme of these diets is that they are
high in plant foods including fruits and vegetables. Research
indicates that most U.S. adults do not meet the federal dietary
guidelines for most nutrientrich food groups, including
fruits.”'® The Dietary Guidelines for Americans 2015-2020
states that “healthy eating patterns include fruits, especially
whole fruits” as they are rich in nutrients including dietary
fiber, potassium, and vitamin C, and that most individuals
would benefit from increasing their intake of fruits.” In
addition to their consumption in the context of a healthy
dietary pattern, many fruits have been demonstrated to be
functional foods and may have a place in the prevention and
treatment of MetS, e.g. as medical nutrition therapies.'*'?

Several foods rich in bioactive compounds have been
shown to attenuate cardiometabolic abnormalities that con-
tribute to and characterize MetS, though heterogeneity in
responses to these interventions have been reported.”'*'*
Among these, fresh pears (Pyrus communis) are relatively low in
calories and are an excellent source of dietary fiber including
insoluble and soluble fiber, a good source of vitamin C, and
contain potassium, vitamin K, and polyphenols including
flavonoids and phenolic acids.'>'® Previous research suggests
that fresh pear consumption may attenuate MetS. For instance,
preclinical findings suggest that pears may modulate lipid and
glucose metabolism, and inhibit the production of the vaso-
constrictor molecule angiotensin I11."77>° Epidemiological evi-
dence indicates that increased pear/apple consumption is
associated with a reduced risk of hypertension, T2DM, and
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CVD.*'"** Additionally, data from NHANES 2001-2010 indicate
that when compared with non-consumers, fresh pear consu-
mers had improved nutrient intake, diet quality, and weight
parameters, and were less likely to be obese.'® Few clinical
studies with pears, fresh or otherwise, have been conducted to
date. Two clinical trials conducted by de Oliveira et al. in
Brazil showed modest but beneficial effects of daily pear con-
sumption for 10 and 12 weeks on energy intake, body weight,
and blood glucose levels in young healthy women.***> Another
clinical trial conducted by Alvarez-Parrilla et al. in Mexico
examined daily consumption of apple, pear, and orange juice
for 26 days found that healthy non-smokers had increased
total antioxidant capacity but increased total cholesterol (TC),
high-density lipoprotein-cholesterol (HDL-C), and low-density
lipoprotein-cholesterol (LDL-C) whereas healthy smokers had
reduced TC and LDL-C.>°

Previous research on the health effects of pears is limited
but available data suggest that fresh pear consumption may
promote cardiometabolic health and attenuate MetS. Although
the inclusion of fresh pears into the diet can be viewed as ben-
eficial, their functional properties in humans are largely
unknown. The purpose of this study was to investigate the
effects of daily fresh pear consumption on biomarkers of cardi-
ometabolic health in middle-aged/older adults with MetS. We
hypothesized that daily fresh pear consumption would
improve biomarkers of cardiometabolic health.

2. Materials and methods
2.1 Participants

Middle-aged/older men and women with MetS were recruited
from Tallahassee, FL and surrounding areas through campus
and community advertisements. Participants were included if
they were between the ages 45 and 65 years and had three of
the MetS diagnostic criteria according to the American Heart
Association/National Heart, Lung, and Blood Institute: elev-
ated waist circumference [>102 c¢cm (40 in) in men and 88 cm
(35 in) in women], elevated triglycerides (TG; >150 mg dL ™),
reduced HDL-C (<40 mg dL™" in men and 50 mg dL™"' in
women), elevated blood pressure (systolic blood pressure
>130 mmHg and/or diastolic blood pressure >85 mmHg), and
elevated fasting blood glucose (=100 mg dL™')." Individuals
taking medication to lower blood pressure, blood glucose,
and/or blood lipids were included in the study but were
required to have been taking their medication for at least three
months consistently to ensure that the medication would not
have an effect on outcome measures. Additionally, study par-
ticipants refrained from taking their medications for the
24 hours prior to each study visit. Study participants who pre-
viously took such medications were required to have been off
of their medications for at least three months prior to enrol-
ment. Exclusion criteria included diagnosed CVD, uncon-
trolled hypertension (>160/100 mmHg), hormone replacement
therapy or insulin use, active cancer, asthma, glaucoma,
thyroid, kidney, liver and pancreatic disease, heavy smoking

This journal is © The Royal Society of Chemistry 2019


http://dx.doi.org/10.1039/c8fo01890a

Published on 23 January 2019. Downloaded by Universitat de Barcelona on 2/7/2019 9:32:27 PM.

Food & Function

(>20 cigarettes per day), and heavy drinking (>7 alcoholic
drinks/week for women and >14 alcoholic drinks/week for
men). After an initial prescreening over the telephone, quali-
fied individuals were invited to the study site for a screening
visit during which they provided written informed consent,
and inclusion and exclusion criteria were confirmed.
Anthropometric measurements (height, weight, and waist and
hip circumferences) were performed. Measurements of bra-
chial blood pressure were taken in duplicate 5 minutes apart
after 10 minutes of seated rest using an automatic device
(Omron Healthcare, Inc., Bannockburn, IL). A finger stick
blood draw was performed to assess blood glucose and lipid
profiles (Alere Cholestech LDX® Analyzer). Recruitment began
in August 2014 and continued until May 2016 when the last
participant finished the study. The Florida State University
Institutional Review Board approved the study protocol and all
participants provided written informed consent. All experi-
ments were performed in accordance with the Declaration of
Helsinki. This trial was registered at clinicaltrials.gov as
NCT02228837.

2.2 Study design and treatments

This was a 12-week, randomized, open-label, placebo-con-
trolled, crossover clinical trial. Using a statistician generated
randomization list, qualified participants were randomly
assigned to one of two treatment groups: (1) Pear: two
medium-sized (~166 g) fresh pears (green Bartlett or D’ Anjou
depending on the season) per day, or (2) Control: 50 g of
calorie-matched control drink powder reconstituted in 480 mL
water per day. Each treatment period was 12 weeks in duration
and separated by a 4-week washout period.

Fresh pears were purchased from a local grocery store in
coordination with the Pear Bureau Northwest. The placebo
powder consisted of maltodextrin, artificial and natural flavor-
ing, artificial color, citric acid, and silica dioxide and was pro-
vided by Green Source Organics (Boynton Beach, FL). The
purpose of the Control drink was to match for caloric content
of the Pear treatment (200 kcal). Treatment distribution
occurred weekly for the Pear group and every three weeks for
the Control group. Participants in the Pear group were edu-
cated on proper storage of fresh pears, how to check for ripe-
ness, and how to incorporate fresh pears into their diets. They
were asked to consume pears fresh and with the peel. They
were also asked to consume half of their treatment regimen in
the morning and the other half in the afternoon or evening at
least five hours apart. Participants in the Control group were
provided with shaker bottles and instructed to consume half
of their treatment regimen in the morning and the other half
in the afternoon or evening (each 25 g dose reconstituted in
240 mL water) and at least 5 hours apart. To monitor treatment
compliance, participants were given daily treatment logs and
were asked to record the days and times of treatment con-
sumption, as well as to document any missed treatments.
Additionally, they were asked to return any unused treatments.
Non-compliance was defined as missing >2 doses per week.
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Participants were asked to maintain their normal diet and
physical activity patterns throughout the duration of the study.

2.3 Blood pressure

Blood pressure was measured at baseline, 6- and 12-week
visits. Measurements were performed in the seated position in
a quiet room after an overnight fast and avoidance of alcohol,
caffeine, and medication use for at least 24 hours. Seated bra-
chial blood pressure measurements were taken in duplicate
after ten minutes of seated rest using an automatic device
(Omron Healthcare, Inc., Bannockburn, IL). Pulse pressure
was calculated as the difference between systolic blood
pressure and diastolic blood pressure. Mean arterial pressure
was calculated as diastolic blood pressure + 1/3 (systolic blood
pressure - diastolic blood pressure).

2.4 Blood collection and analysis

At baseline, 6- and 12-week visits, 20 mL fasting venous blood
samples were collected in appropriate vacutainers. Serum and
plasma were separated through centrifugation using an IEC
CL31R multispeed centrifuge (Thermo Electron Corporation,
Waltham, MA), aliquoted, and stored at —80 °C until analysis.
Plasma samples were analyzed for TC, HDL-C, LDL-C, TG, and
glucose, and serum samples were analyzed for apolipoprotein-
B100 (Apo-B), high-sensitivity-C-reactive protein (hs-CRP), and
total antioxidant status (TAS) using a AU480 Automated
Chemistry Analyzer (Beckman Coulter, Brea, CA) at the
University of Colorado-Denver (UC-Denver) Colorado Clinical
and Translational Sciences Institute (CCTSI, Denver, CO).
Plasma insulin levels were measured using radioimmunoassay
(Millipore) at the UC-Denver CCTSI (Denver, CO). Serum apoli-
poprotein A-1 (ApoA-1; R&D Systems), leptin, adiponectin
(Mercodia), and urine 8-hydroxy-2'deoxyguanosine (8-OHdG,
Abcam) were measured using commercially available enzyme-
linked immunosorbent assay kits according to the manufac-
turers’ instructions. The Homeostatic Model Assessment
(HOMA) of insulin resistance (HOMA-IR) and pancreatic p-cell
function (HOMA-%p) were calculated using the HOMA2
Calculator v2.2.3 based on fasting insulin and glucose
measurements.>’

2.5 Anthropometric measurements

Height without shoes was measured using a wall-mounted sta-
diometer to the nearest 0.5 cm and weight was assessed using
a digital scale (Seca Corporation, Hanover, MD) to the nearest
0.1 kg. Body mass index (BMI) was calculated as kg m™>.
Midabdominal waist and hip circumferences were measured
using a Gulick fiber glass measuring tape with a tension
handle (Creative Health Products, Inc., Ann Arbor, MI). With
the exception of height which was only measured at baseline,
body weight and waist and hip circumferences were measured
at baseline, 6- and 12-week visits. Waist-to-hip ratio was calcu-
lated as waist circumference divided by hip circumference.
Body composition including fat mass, android fat, gynoid fat,
and android/gynoid ratio were assessed at baseline, 6- and
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12-week visits using dual energy X-ray absorptiometry (DXA,
GE Healthcare Lunar, Madison, WI).

2.6 Physical activity energy expenditure and dietary intake
assessments

Physical activity was assessed using the Five-City Project
Physical Activity Recall®® and a 3-day food record (two week-
days and one weekend day) was assessed at baseline, 6-week,
and 12-week visits to detect significant changes in dietary
intake or physical activity energy expenditure over the duration
of the study. Collected food records were analyzed using Food
Processor SQL Nutrition and Fitness Program (ESHA Research,
Salem, OR, USA). Trained project personnel collected the
physical activity data; physical activity data were analyzed to
determine usual activity level, consistency over time and devi-
ations from baseline.

2.7 Statistical analysis

SAS v9.4 (SAS Institute Inc., Cary, NC) was used for all statistical
analyses. PROC GENMOD with linear regression function was
used to evaluate the difference between the groups as well as the
difference between time points. The ‘Group’ was a fixed factor,
and ‘Subject ID’ and ‘Phase’ were random effects in the models.
The effect of phase order was evaluated. However, all analyses
performed to evaluate the treatment (between group) and time
(within group) effects were adjusted for the phase effect as well
as subject to control for such effects, if any. All the continuous
outcome data were evaluated for normality assumption using
Shapiro-Wilk statistics and Q-Q plots. If the outcome data were
not normally distributed, log conversion was performed.
Carryover effects were evaluated using linear regression. Data
were reported as mean + standard error of the mean for nor-
mally distributed data, and median with ranges in parentheses
for non-normally distributed data. Effects were considered stat-
istically significant at P < 0.05 and tended to be statistically sig-
nificant at P < 0.1. Power analysis indicated that 40 subjects in
our study provided a statistical power of >80% to detect a signifi-
cant change (5 mmHg) from baseline for systolic blood pressure
and other parameters assessed with « set at 0.05.

3. Results

3.1 Screening characteristics, attrition, and compliance

A flowchart of study enrollment is presented in Fig. 1. Of the
43 subjects who completed the study, a total of 40 men and
women were included in the data analyses. Three subjects
were excluded from analysis due to not meeting the diagnostic
criteria for MetS. The overall attrition rate for the study was
14% with 7 participants dropping from the study. Common
causes for dropping from the study included personal reasons
such as lack of time or moving, not wanting to take the
placebo powder, and not wanting to give blood (Fig. 1).
Tolerance to daily pear consumption was reported as good.
Challenges to intake of the treatment regimens included taste
fatigue towards the end of the 12-week pear interventions as
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;

Fig. 1 Flowchart of enrollment. Abbreviation: Gl, gastrointestinal.

well as difficulty with maintaining a consistent supply of ripe
pears. The participants who completed the study and were
included in the analysis were compliant with their treatments
as indicated in their daily dosing diaries. Screening character-
istics for participants who completed the study are presented
in Table 1. Statistical analysis of the data revealed no evidence
for carryover effects.

3.2 Blood pressure

Blood pressure parameters are presented in Table 2. Systolic
blood pressure tended to be lower (131 + 2 mmHg at 6 weeks
vs. 134 + 2 mmHg at baseline, P = 0.07) at 6 weeks and was sig-
nificantly lower (131 + 2 mmHg at 12 weeks vs. 133 + 2 mmHg
at 6 weeks, P < 0.05) at 12 weeks than 6 weeks in the Pear
group. Pulse pressure was significantly lower (51 + 1 at 12
weeks vs. 54 + 1 at baseline and 53 + 1 at 6 weeks, P < 0.05)
than baseline at 6 and 12 weeks in the Pear group. No signifi-
cant changes were observed over time in the Control group,
and no significant differences were observed between groups
at any time point.

3.3 Blood and urine biomarkers

Blood and urine biomarkers are presented in Table 3. TC
levels were significantly lower at baseline in the Pear group
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Table 1 Screening characteristics of study participants than Control (194 + 6 in Pear vs. 201 + 6 in Control, P < 0.05).
TC levels were significantly increased in both Pear (198 + 7 at 6
Measures Mean + SD Range weeks vs. 198 + 6 at baseline, P < 0.05) and Control (206 + 7 at
Male/female (n/n) 10/30 — 6 weeks vs. 201 + 6 at baseline, P < 0.05) groups at 6 weeks, but
Postmenopausal (n) 25 - not 12 weeks, compared to baseline. LDL-C levels were signifi-
Age (years) 295 26-65 ntly increased at 6 and 12 ks in both Pear (97 + 6 at
BMI (kg m™2) 33.2+4.9 24.2-44.3 ~Cantly 1ncreased at 6 a weexs oth Fea tba
Waist circumference (cm) 108 + 13 87-137 6 weeks and 100 + 5 at 12 weeks vs. 93 + 5 at baseline, P < 0.05)
Wai(st-toc-lhipl)ratio 0.93 £ 0.07 0.76-1.12  and Control (102 + 5 at 6 weeks and 103 + 5 at 12 weeks vs.
TC (mg dL~ 197 + 35 118-314 . o
HDL-C (mg dL ™) 43 412 18-90 95 + 5 at baseline, P < 0.95) groups. Apo-B levels were significantly
Triglycerides (mg dL ™) 182 + 79 52-388 decreased at 12 weeks in the Control (101 + 4 at 12 weeks vs.
Gluc(ose (mg)dL_l) 98 + 12 63-137 106 + 4 at 6 weeks, P < 0.05) groups. No differences between
SBP (mmHg 136 £ 11 111-160 .
DBP (mmHg) 8246 69-96 gr(?ups \.)vere noted fo.r TC, LDL-C, or APO-B levels at any t1n.1e
Taking medications (1) Blood pressure (20) point with the exception of TC at baseline. At 12 weeks, leptin
Blood glucose (9) concentrations were lower in the Pear group than Control (52.5

Blood lipids (11) [7.6, 120.5] ng dL™* vs. 53.4 [5.0, 120.5] ng dL"", respectively,

Values are mean + SD. Abbreviations: BMI, body mass index; DBP, P < 0.05), and there was a significant group by time interaction

diastolic blood pressure; HDL-C, high-density lipoprotein-cholesterol; (P < 0.05). Values were significantly reduced at 12 weeks com-
SBP, systolic blood pressure; TC, total cholesterol.

Table 2 Blood pressure parameters at baseline, 6 and 12 weeks in middle-aged/older men and women who completed a randomized controlled
trial assessing the effects of daily fresh pear consumption for 12 weeks on cardiometabolic health

Pear (n = 40) Control (n = 40)
Measures Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks
SBP (mmHg) 134 +2 133+ 2 131 + o f¥ 133 +2 135+ 2 132+ 2
DBP(mmHg) 80+1 80+1 80+1 81+1 81+1 80+1
PP 54+1 53+1 51 + 1*¥ 53+2 54 +2 51+2
MAP(mmHg) 98 +1 98 £2 97 +1 98 +1 99 +2 98+1

Values are mean + SEM. *Significantly (P < 0.05) different compared to baseline. "Tends to be significantly (P < 0.1) different compared to base-
line. ¥*Significantly (P < 0.05) different compared to 6 weeks. Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart
rate; MAP, mean arterial pressure; PP, pulse pressure.

Table 3 Blood and urine biomarkers of lipid and glucose metabolism, inflammation, and oxidative stress at baseline, 6 and 12 weeks in middle-
aged/older men and women who completed a randomized controlled trial assessing the effects of daily fresh pear consumption for 12 weeks on
cardiometabolic health

Pear (n = 40) Control (n = 40)
Measures Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks
TC (mg dL ™) 194 + 6° 198 + 7%* 198 £ 6 201+6 206 + 7* 203 + 6
LDL-C (mg dL ™) 93+5 98 + 6% 100 + 5* 95+5 102 + 5* 103 + 5*
HDL-C (mg dL ™) 48 (35, 69) 47 (31, 66) 47 (28, 178) 49 (38, 74) 50 (31, 68) 50 (32, 64)
TG (mg dL™") 141 £ 11 156 + 12 138 £12 144 + 10 147 +11 149 £ 11
Apo-B (mg dL ™) 102 + 4 103 + 4 100 + 4 104 + 4 106 + 4 101 + 4
Apo-A (ng mL ™) 2.26 +0.09 2.34 £0.10 2.39 £0.10 2.33£0.12 2.31 £ 0.07 2.43 £0.10
Glucose (mg dL™) 108 £2 110 + 3 111 +3 108 £2 109 +3 108 £2
Insulin (pmol L") 135 (35, 667) 139 (56, 535) 132 (49, 500) 125 (56, 514) 125 (56, 743) 125 (49, 945)
HOMA-IR 2.85 +0.28 2.86 +0.24 2.86 +0.24 2.86 £ 0.27 3.07 £0.34 3.10 £ 0.37
HOMA-% 1321+ 7.6 1314+ 7.6 130.5+ 7.8 136.1+ 7.0 137.2 + 8.9 141.8 +£10.4
Leptin (ng mL ™) 54.8 (6.4,120.5)  47.4 (11.5,790.3)  52.5(7.6,120.5)*¢  54.2 (4.5,104.1)  53.2(9.0,120.5)  53.4 (5.0, 120.5)
Adiponectin (ng mL™")  6.49 + 0.29 6.35 £ 0.30 6.19 £ 0.26 6.24 £0.28 6.26 + 0.38 6.12 £ 0.32
hs-CRP (mg L) 5.28 + 0.75 4.92 +0.62 4.57 £0.52 5.13 £ 0.67 5.35 +0.71 4.81 +0.59
8-OHdG (ng mL ™) 1.51 + 0.06 1.55 + 0.05 1.51 + 0.07 1.53 £ 0.05 1.58 + 0.06 1.48 + 0.05
TAS (mg dL™) 1.38 (1.14,2.00)  1.40 (1.11, 1.88) 1.37 (1.17, 1.80) 1.38 (1.17,1.95)  1.42(1.12,2.14)  1.38(1.15,1.87)

Values reported as mean + SEM or median with ranges in parentheses for non-normally distributed data (all such values). *Significantly (P <
0.05) different compared to baseline. ‘Significantly (P < 0.05) different compared to Control. “Significant group by time interaction. *Significantly
(P < 0.05) different compared to 6 weeks. Abbreviations: Apo-A, apolipoprotein-A; Apo-B, apolipoprotein B; HDL-C, high-density lipoprotein chole-
sterol; HOMA-%p, homeostasis model assessment of beta-cell function; HOMA-IR, Homeostatic model assessment of insulin resistance; LDL-C,
low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides.
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pared to baseline in the Pear group (52.5 [7.6, 120.5] ng dL ™"
vs. 54.8 [6.4, 120.5] ng dL™" at baseline, P < 0.05) but not in the
Control group. No significant within group or between group
differences were observed for the remaining biomarkers.

3.4 Anthropometrics and body composition

Anthropometric and body composition parameters are pre-
sented in Table 4. BMI was significantly increased at 6 weeks
in the Control (33.4 + 0.8 at 6 weeks vs. 33.1 + 0.8 at baseline,
P < 0.05) group and sustained at 12 weeks. Waist circumfer-
ence was significantly reduced at 12 weeks in the Pear group
(107.7 £ 2.0 cm vs. 108.1 + 2 cm at baseline, P < 0.05) with a
trend for a group by time interaction (P < 0.1), and significantly
lower in the Pear group than Control (108.1 + 2.0 cm vs.
108.8 + 2 cm, P < 0.05) at 6 weeks with a significant group by
time interaction (P < 0.05). Conversely, values were significantly
increased at 6 weeks (108.8 + 2 cm vs. 108.3 + 2.0 cm at base-
line, P < 0.05) in the Control group and sustained at 12 weeks.
Waist-to-hip ratio was significantly reduced (0.92 + 0.01 vs.
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0.93 + 0.01 at baseline, P < 0.05) at 12 weeks in the Pear group,
and significantly lower than Control at 6 weeks (0.92 + 0.01 vs.
0.93 + 0.01, respectively, P < 0.05) and 12 weeks (0.92 + 0.01 vs.
0.93 + 0.01, P < 0.05). Android-to-gynoid ratio was significantly
higher (P < 0.05) in the Control group at 6 weeks (1.21 + 0.03 at
6 weeks vs. 1.19 + 0.03 at baseline) and 12 weeks (1.21 + 0.03 at
12 weeks vs. 1.19 + 0.03 at baseline) compared to baseline, and
a significant group by time interaction was observed at 12
weeks. Percent android fat was significantly increased (P < 0.05)
at 6 weeks (50.9 + 1.0 at 6 weeks vs. 50.3 + 1.0 at baseline) and
12 weeks (50.9 + 0.98 at 12 weeks vs. 50.3 + 1.0 at baseline) com-
pared to baseline in the Control group while no changes were
observed in the Pear group. No between group differences were
observed. No significant within group or between group differ-
ences were observed for the remaining parameters.

3.5 Physical activity energy expenditure and dietary intake

Physical activity energy expenditure, energy intake, and macro-
nutrient intake are presented in Table 5. At 6 weeks, physical

Table 4 Anthropometric and body composition measurements at baseline, 6 weeks, and 12 weeks in middle-aged/older men and women who
completed a randomized controlled trial assessing the effects of daily fresh pear consumption for 12 weeks on cardiometabolic health

Pear (n = 40) Control (n = 40)
Measures Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks
Weight (kg) 92.3 +2.6 92.3+2.6 91.7 £ 2.8 92.1+2.6 92.5+2.6 92.4+2.6
BMI (kg m‘z) 33.2+£0.75 33.2+0.78 33.0+0.83 33.1+0.80 33.4+0.77* 33.7+1.2
WC (Cm) 108.4 + 2.0 108.1 + 2.0% 107.7 + 2.0%" 108.3 £ 2.1 108.8 + 2.0* 108.5 £ 2.1
HC (cm) 116.8 + 1.6 116.9 £ 1.7 116.7 £+ 1.7 115.8 + 1.6 116.6 £ 1.7 116.8 £ 1.8
Waist/hip ratio 0.93 £ 0.01 0.92 + 0.01* 0.92 + 0.01° 0.93 £ 0.01 0.93 +£0.01 0.93 £ 0.01
Fat mass (%) 43.8+ 1.0 43.6 £ 1.0 43.7 + 1.0 43.6 + 1.0 439+ 1.0 43.8+ 1.0
Fat free mass (g) 52415 + 1521 52215 + 1546 52353 + 1581 52011 + 1495 52154 + 1503 51365 + 1959
Android fat (g) 7108 + 446 7108 + 446 7092 + 454 7211 + 409 7200 + 459 7090 + 459
Gynoid fat (g) 12394 + 729 12184 + 744 12030 + 750 12810 + 676 121697 + 734 11989 + 756
Android fat (%) 51.0+£1.0 50.8 £ 1.0 50.7 £ 1.0 50.3 1.0 50.9 £ 1.0* 50.9 + 1.0*
Gynoid fat (%) 43.0 + 1.27 42.8 +1.26 43.2 +1.32 43.1 +1.28 43.2 +1.37 43.2 +1.37

A/G ratio 1.18 (0.81,1.60)  1.20 (0.82,1.71)

1.19 (0.84, 1.69)"

1.16 (0.86,1.61)  1.16 (0.84,1.66)  1.19 (0.87, 1.61)*

Values reported as mean + SEM. *Significantly (P < 0.05) different compared to baseline. ‘Significantly (P < 0.05) different compared to control.
“Significant group by time interaction. "Tends to be significantly (P < 0.1) group by time interaction. Abbreviations: A/G ratio, android/gynoid
ratio; BMI, body mass index; FFM, fat-free mass; FM, fat mass; HC, hip circumference; WC, waist circumference.

Table 5 Physical activity energy expenditure, and energy and macronutrient intake at baseline, 6 weeks, and 12 weeks in middle-aged/older men
and women who completed a randomized controlled trial assessing the effects of daily fresh pear consumption for 12 weeks on cardiometabolic
health

Pear (n = 40) Control (n = 40)

Measures Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks
Physical activity (kcal) 3259 £ 94 3345 +113 3439 + 150 3223 £ 100 3394 + 124> 3356 +135
Energy intake (kcal) 1777 £ 128 1984 + 113 2012 + 146 2033 £ 124 1960 + 165 2167 + 164
Total fat (g) 74+7 79+7 83+8 84+6 83+8 93+9
Cholesterol (mg) 289 + 25 289 + 24 315+ 34 315+ 26 270 + 24 335 + 34¥
Total carbohydrates (g) 209 + 18 244 + 16" 241+ 19 230+ 19 243 +25 257 +23
Fiber (g) 15+1 18 + 2% 17 +17 18+1" 19+2 20 +2
Protein (g) 70+ 6 77 +4 78+ 6 73+5 72+ 6 84 + 6"

Values reported as mean + SEM. *Significantly (P < 0.05) different compared to baseline. "Tends to be significantly (P < 0.1) different compared to
baseline. *Significantly (P < 0.05) different compared to 6 weeks. “Tends to be significantly (P < 0.1) different compared to 6 weeks. ‘Significantly
(P < 0.05) different compared to Control.
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activity energy expenditure was significantly greater than base-
line in the Control group (3394 + 124 kcal at 6 weeks vs. 3223 +
100 kcal at baseline, P < 0.05). At 12 weeks, cholesterol intake
tended to be higher than 6 weeks in the Control group (335 +
34 mg at 12 weeks vs. 270 + 24 mg at 6 weeks, P < 0.1). At 6
weeks, total carbohydrate intake tended to be significantly
higher than baseline in the Pear group (244 + 16 g at 6 weeks
vs. 209 + 18 mg at baseline, P < 0.1). At baseline there was a sig-
nificant difference between groups for fiber intake (15 + 1 g in
Pear vs. 18 + 1 g in Control, P < 0.05). At 6 weeks, fiber intake
was significantly greater than baseline (18 + 2 g at 6 weeks vs.
15 + 1 g at baseline, P < 0.1), and tended to be significantly
greater at 12 weeks than at baseline (17 + 1 g at 12 weeks vs.
15 + 1 g at baseline, P < 0.1) in the Pear group.

4. Discussion

To our knowledge, this is the first randomized controlled trial
to utilize fresh pears as an intervention in the U.S., and the
first study to investigate the effects of daily fresh pear con-
sumption on cardiometabolic health in middle-aged/older
adults with MetS. We found that daily consumption of two
fresh pears per day for 12 weeks resulted in lower blood leptin
concentrations, waist circumference, waist-to-hip ratio, and
android-to-gynoid ratio compared to Control. Other bio-
markers improved over the course of 12 weeks in the Pear
group but not in the Control group, namely systolic blood
pressure and pulse pressure. However, the changes observed
were within groups, not between groups, and therefore the
effect cannot be solely attributed to fresh pear consumption.
Interestingly, adverse changes in BMI, waist circumference,
percent android fat, and android-to-gynoid ratio were observed
over the course of the 12-week period in the Control group but
not in the Pear group. These changes were only observed
within group and not between groups. Although a treatment
effect cannot be confirmed for several of the studied outcome
parameters, it does not preclude that daily fresh pear con-
sumption could promote modest improvements in those para-
meters of cardiometabolic health in middle-aged/older adults
with MetS. Although TC increased over time, these changes
were observed in both groups and therefore cannot be attribu-
ted to either treatment.

Surprisingly, results indicate that systolic blood pressure
and pulse pressure were reduced at 12 weeks compared to
baseline in the Pear group, but not in the Control group, and
that there were no significant differences between groups.
Therefore, a treatment effect cannot be confirmed at this time,
i.e. the reduction in systolic blood pressure and pulse pressure
cannot be attributed solely to pear consumption. One of the
features of MetS is elevated blood pressure. Age-related
increases in blood pressure and hypertension are characterized
by increased systolic blood pressure with no change or
decreased diastolic blood pressure resulting in elevated pulse
pressure. This is primarily caused by age-related vascular dys-
function, including vascular endothelial dysfunction and arter-
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ial stiffness which is accelerated by MetS. Pears are
rich in bioactive compounds known to influence vascular func-
tion and blood pressure including potassium, dietary fiber,
and polyphenols'>** and we therefore anticipated the fresh
pear consumption would reduce systolic blood pressure.
Nonetheless, it is important to note that while the physiologi-
cal effects of foods and their bioactive components are often
small, these seemingly small changes may be clinically rele-
vant with implications at the population level.** For instance,
a reduction in systolic blood pressure by 3 mmHg has been
shown to be associated with an 8% and 5% lower risk of mor-
tality due to stroke and coronary heart disease, respectively.*®
Our findings are consistent with that observed in a prospective
cohort study conducted in China which found that individuals
who ate fresh fruit daily had a lower systolic blood pressure by
4 mmHg than those who never or rarely consumed fresh
fruit.*® They also found that when compared with non-con-
sumption, daily fresh fruit consumption was associated with a
reduced risk for major CVDs and death with a linear dose-
response relationship between CVD incidence and the amount
of fruit consumed. Although data was not collected on the
types of fruits consumed in that study, the authors noted that
the most commonly consumed fruit in China are apples,
citrus fruit, and pears. Results from other prospective cohort
studies conducted in the U.S. indicate that pear consumption
is associated with a reduced incidence of hypertension in
adult men and women®' and a reduced risk of CVD-related
mortality in postmenopausal women.*”

Contrary to our hypothesis, we did not observe statistically
significant improvements in lipid profiles. In fact, TC and
LDL-C increased over time; however, these increases occurred
in both groups and therefore cannot be attributed to either
treatment and rather may be an effect of time. Atherogenic
dyslipidemia is a feature of MetS, and previous research has
demonstrated that viscous fiber dietary interventions can
improve lipid profiles through fecal excretion of bile acids®®
and through increased short chain fatty acid production which
may inhibit lipid and cholesterol synthesis.* Results from a
recent meta-analysis indicate that dietary fiber intake,
especially from cereals and fruits, is inversely associated with
coronary heart disease risk.*® Unfortunately, most Americans
do not consume adequate dietary fiber."* Due to the high fiber
content in fresh pears we postulated that daily fresh pear con-
sumption for 12 weeks would improve lipid profiles. Previous
clinical trials with apples, another fruit rich in insoluble and
soluble fiber, have yielded inconsistent findings with respect
to lipid profiles. For instance, we previously demonstrated that
apple consumption improves certain blood lipids in postme-
nopausal women®* and others have shown that it improves
certain blood lipids in healthy and hyperlipidemic adults.*®
However, other investigators have observed no improvement in
lipid profiles in hyperlipidemic adults** and lipid profiles in
overweight hypercholesterolemic adults.”> The reasons for
these discrepancies are unknown. However, differences in
study populations, intervention duration, fruit type and form,
medication use, among other reasons, may be contributing
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factors. With respect to the present study, it is possible that
the heterogeneous population, e.g. the inclusion of partici-
pants meeting different MetS diagnostic criteria, men and
women, and medication use may have contributed to our
findings.

Contrary to our hypothesis, we did not observe changes in
glucose or insulin concentrations or indices of insulin resis-
tance. We were surprised by these findings, and cannot deter-
mine the reasons responsible for this observation at this time.
However, it is possible that a longer-term measure of glycemic
control would have provided a more accurate assessment,
since measurement of fasting blood glucose levels only
provide a snapshot of blood levels at a specific time and date.
Additionally, we did not specify when the treatments were to
be consumed, e.g. with or without meals. Hyperglycemia
resulting from insulin resistance is a feature of MetS, and indi-
viduals with MetS are at an increased risk for developing
T2DM which further increases the risk of CVD. Previous
research suggests that fresh pear consumption may attenuate
hyperglycemia thus reducing T2DM risk. Our findings are con-
trary to previous work which found that consumption of three
pears per day for 12 weeks led to significant decreases in
serum glucose levels (~5.2 mg dL™") compared to those con-
suming oat cookies (~0.75 mg dL ™). Results from a prospec-
tive cohort study conducted in the U.S. found that when com-
pared with those consuming less than one serving per month
of apples/pears, consumption of >5 servings per week of
apples/pears was associated with a lower risk of T2DM.*®
Preclinical research suggest that pear phenolics may inhibit
alpha-glucosidase activity, an enzyme located in the small
intestine involved in the digestion of carbohydrates.>® In
addition, soluble fiber has been reported to decrease glucose
concentrations due to its gel-forming properties which slows
down carbohydrate degradation and therefore the absorption
of glucose in the gut.*® It is possible that consuming fresh
pears with a meal would lead to reductions in postprandial
hyperglycemia and hyperinsulinemia which could potentially
lead to improved glycemic control in the long-term. However,
this needs confirmation.

No changes in measures of inflammation, oxidative stress, or
antioxidants (hs-CRP, 8-OHdG, TAS) were observed over time in
either group, or between groups. However, only one biomarker
was assessed in each category and it is possible that analysis of
other biomarkers may have shown different results. Additionally,
research suggests that static biomarkers, such as those measured
in this study, do not always respond to dietary interventions. For
instance, functional biomarkers such as ex vivo pro-inflamma-
tory cytokine production in peripheral blood mononuclear cells
have been shown to respond to dietary interventions in the
absence of a response in static biomarkers.”””*® For this reason,
we believe that it is premature to conclude that fresh pear con-
sumption does not modulate inflammation, oxidative stress, or
antioxidant defense in this population, and more research is
needed to elucidate their effects.

MetS is typically characterized by excess body weight, and
particularly abdominal obesity. Previously published research
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by de Oliveira et al. demonstrated that overweight women who
consumed fresh pears daily in Brazil for 10 and 12 weeks had
modest reductions in body weight (~2 1bs.).?*** They did not
report other anthropometric or body composition assess-
ments. With the exception of BMI increasing at 6 weeks in the
Control group, we did not observe changes in body weight or
BMI over time, or differences between groups in the current
study. We did observe significant reductions in waist circum-
ference in the Pear group, while waist circumference increased
over time in the Control group. Additionally, waist-to-hip ratio
was significantly lower in Pear at 6 and 12 weeks compared to
Control. Results also showed an increase in android fat, and
android-to-gynoid ratio as determined by DXA in the Control
group, with a significant group by time interaction at 12
weeks. These data suggest that daily fresh pear consumption
may promote modest reductions in abdominal fat, whereas
consumption of a high glycemic index beverage may promote
deleterious effects on abdominal fat.

Leptin and adiponectin are two protein hormones secreted
by adipose tissue (adipokines), each with differing roles on
human health including the regulation of food intake, body
weight, immune function, and metabolic processes.*>° In the
current study, we did not observe any changes in adiponectin
concentrations over time, or differences between groups.
Interestingly, we did observe reductions in leptin concen-
trations in the Pear group compared to Control at 12 weeks
with a significant group by time interaction. Blood leptin con-
centrations are associated with body fat such that levels
increase with increasing body fat. This is thought to be due to
leptin resistance, meaning that leptin has a reduced ability to
exert its effects. In addition to its role in regulating satiety,
energy intake, and body weight, it also plays a role in the regu-
lation of cardiometabolic processes such as blood pressure.
Although leptin exerts vasodilatory effects, high levels of leptin
lead to increased peripheral resistance and sympathetic nerve
activity, thereby increasing blood pressure.’® Indeed, a concept
known as selective leptin resistance posits that certain actions
of leptin persist even when other leptin actions are blocked
from leptin resistance.”® We did not observe reductions in
energy intake or body weight in the current study, but did
observe modest reductions in blood pressure, waist circumfer-
ence, and waist-to-hip ratio over time in the Pear group.
Additionally, leptin is a pro-inflammatory adipokine,
suggesting that fresh pear consumption may reduce inflam-
mation; however, no changes were observed in hs-CRP levels.
It is possible that reductions in leptin were not paralleled by
improvements in leptin resistance. It is also possible that any
improvements in leptin signaling were not strong enough in
magnitude to have a substantial impact on downstream
targets of leptin such as blood pressure and body weight.

The strengths of this study include the study design
employed, ie. a randomized, placebo-controlled, crossover
clinical trial as randomized controlled trials are the gold-stan-
dard clinical study design, and participants serve as their own
controls in a crossover design thereby minimizing the influ-
ence of confounding covariates. Additionally, our intervention
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utilized fresh pears instead of a juice, dried fruit, powder, or
other processed pears. Although this can also be viewed as a
limitation, it is a strength in that it is generalizable to a real-
world setting in which people typically consume pears in the
fresh form. Another strength of our study is the high level of
participant retention and compliance. Lastly, our study popu-
lation is likely representative of the general population of
middle-aged/older adults with MetS, in part, due to enrollment
of both men and women, inclusion of individuals taking medi-
cations for blood pressure and blood glucose and lipids, and
minimal control of background diets.

The limitations of this study include a heterogeneous study
population, i.e. the inclusion of participants meeting different
MetS diagnostic criteria, men and women, 1 : 3 ratio of men to
women, women with different hormonal states, and varying
medication use. It is possible that these factors influenced the
outcomes of the study. However, our crossover design mini-
mized variability in that participants served as their own con-
trols. Additionally, this population is likely representative of
the general population of middle-aged/older adults with MetS.
Another limitation is the lack of blinding of subjects and
investigators (i.e. open-label); however, this was not possible
due to the nature of the intervention. With respect to the inter-
vention, fresh pears, possible limitations include: (1) the use
of green pears rather than red pears which contain higher
levels of polyphenols, (2) the use of a combination of green D'
Anjou and green Bartlett due to seasonal changes in pear pro-
duction, and (3) issues related to proper storage and ripening
of the pears. The use of a liquid control drink could be viewed
as a limitation given there is data demonstrating that carbo-
hydrates from liquid versus solid foods are sensed differently
with respect to satiety and energy intake.>® Additionally, foods
higher in soluble fibers, such as pears, are known to have
lower glycemic index values than those without (e.g. the liquid
calorie control drink used in this study) which may impact
chronic disease risk in overweight and obese populations.>
Lastly, minor differential changes were observed in energy
expenditure and certain macronutrients throughout the dur-
ation of the study in both groups. It is possible that these
changes may have impact observed results. While these can be
viewed as limitations, they are also strengths in that they rep-
resent real-world challenges faced by fresh pear consumers.

5. Conclusions

In summary, the findings of the present study suggest that
daily fresh pear consumption may promote modest improve-
ments in certain aspects of cardiometabolic health in middle-
aged/older adults with MetS. Additionally, the high retention
of participants and good compliance observed throughout the
study suggests that daily fresh pear consumption is feasible in
this population. It is possible that their inclusion into an evi-
dence-based healthy dietary pattern such as the Healthy U.S.-
Style Eating Pattern, the Dietary Approaches to Stop
Hypertension diet, or the Mediterranean dietary pattern would
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provide additional health benefits through additive and/or
synergistic effects with other foods and bioactive components.
Additional research is needed to evaluate the role of fresh pear
consumption as a functional food, in combination with other
foods and/or meals, and in the context of a healthy dietary
pattern, in this population and others.
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