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Summary

Objective

Medical weight loss could change sweet taste threshold and preferences. The decrease
in sweet taste preferences may, in turn, help in the maintenance of weight loss. This
study examined the association between sweet taste preferences at baseline and weight
change during a medical weight management programme and the impact of
diet-induced weight loss on sweet taste preferences.

Methods

Adult patients with body mass index ≥32 kgm�2 were recruited from a medical weight
management clinic. Sweet taste preference was assessed using a forced-choice,
paired-comparison tracking method before and after a very-low-calorie diet (VLCD).

Results

Twenty participants were included in the analysis: mean age was 53.1 (standard
deviation [SD]: 11.4) years, and 14 were female. The mean body mass index was 41.4
(SD: 7.5) kgm�2. The median preferred sucrose concentration before VLCD was
0.45M. Following VLCD, mean change in weight was �13.3 (SD: 6.6) kg, and percentage
weight change was �11.3% (SD: 5.9%). Based on mixed models with and without
adjustment for demographic factors, diabetes status and smoking history, preferred
sucrose concentration at baseline did not predict change in longer-term body weight.
The change of preferred sucrose concentration following 12weeks of VLCD was not
significant (P-value 0.95).

Conclusions

Change in weight during and after VLCD was not associated with sweet taste
preferences at baseline. After diet-induced weight loss, sweet taste preferences did
not change.
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Introduction

Obesity is frequently managed by caloric restriction. In
2004, more than 200,000 Americans used very-low-calorie
diets (VLCDs) to lose weight (1). However, like any weight
loss programme that does not incorporate long-term
lifestyle modifications, people who lose weight with VLCD
usually start to regain weight within a year and often
regain their lost weight completely over 5 years (2). By
examining and understanding a priori the bio-behavioural
iley & Sons Ltd, World O
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factors that predispose an individual to weight loss failure
is critical to developing and implementing more tailored
and personalized treatment options to increase the
likelihood of successful weight loss and weight loss
maintenance.

In this study, we hypothesized that patients who had
lower sweet taste preferences would have greater weight
loss during and after VLCD. In humans, evidence on
sweet taste preference assessed by a sensory test and
the choice of sweet food is limited (3–5), and no studies
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Figure 1 Study design. VLCD, very-low-calorie diet; WMP, weight
management programme.
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have evaluated sweet taste preference and weight
change prospectively. Therefore, as the first aim, this study
assessed the association between sweet taste preferences
at baseline and weight change during an intensive medical
weight management programme employing VLCD.

It has also been postulated that sweet taste preference
is lower following weight loss, although currently available
evidence does not entirely support this hypothesis (6,7). A
study of 47 overweight women showed no change in
pleasantness of sweet taste after medical weight man-
agement, which yielded an average weight loss of 35 lb
(6). A study of 20 people who underwent a 10-week med-
ical weight management programme (weight reduction of
~10 lb) and 12 who underwent a 6-week protein-sparing
modified fast regimen (weight reduction of 24 lb) did not
show a change in hedonic ratings of sucrose solutions
(7). Contrary to what has been observed with medical
weight loss, some studies (6,8), but not all (9), have shown
reductions of hedonic responses to sweet taste after
bariatric surgery, i.e. jejunoileostomy (6,8) or Roux-en-Y
gastric bypass surgery (9). As reviewed by Miras et al.,
patients who underwent surgery ‘no longer enjoyed’,
‘were not interested in’ or ‘lost their taste for’ sweet or
fatty foods (10). It is thought that both medical and surgi-
cal weight loss have common mechanisms to alter the
sweet taste preferences through weight loss. And, if, in
fact, medical weight loss decreases sweet taste prefer-
ences, it may help in the maintenance of long-term weight
loss maintenance. Therefore, as a second aim, this study
examined sweet taste preferences before and after an
intensive medical weight loss intervention.

Methods and procedures

Study setting and study subjects

The study was conducted with the University of Michigan
Weight Management Program (WMP). The primary goal of
the WMP is to identify strategies that result in cost-
effective, long-term weight loss for overweight and obese
adults. Details of the WMP have been described elsewhere
(11). Briefly, men and non-pregnant women aged 18 years
or older with body mass index (BMI) ≥32 kgm�2 with a
comorbid health condition or ≥35 kgm�2 irrespective of
additional risk factors were invited to enrol in the weight
management programme. The programme is a 2-year
intensive, multicomponent weight management pro-
gramme that incorporates aggressive caloric restriction
employing VLCD with total meal replacement (HMR®,
Boston, MA, USA) of ~800 kcal d�1 over 12weeks to pro-
mote 15% weight loss (12). Patients may opt in to partic-
ipate in a comprehensive research component performed
at baseline, after 15% weight loss and at the end of the
Obesity Science & Practice published by John Wiley & Sons Ltd,
2-year programme consisting of a metabolic testing
(resting energy expenditure by indirect calorimetry, VO2

max, body composition by dual energy X-ray absorptiom-
etry (DXA), metabolomics, lipomics and DNA storage) and
questionnaires asking about health-related quality of life
and mood. The initial intensive dietary intervention is
followed by low-calorie diet employing conventional
foodstuffs and increased physical activity with regular
monthly follow-up to promote lasting behavioural change.
Specifically, participants are transitioned from VLCD to a
partial meal replacement plan, which they followed for
2weeks. The partial meal replacement plan provides
1,000–1,200 kcal d�1 and consists of three meal replace-
ment products and one 400-kcal conventional food meal
with explicitly defined portion sizes. Over the next
2weeks, participants are transitioned to a conventional
food-based meal plan with an appropriate caloric intake
to promote weight stability. Energy needs were calculated
using the Mifflin–St Jeor equation from the Nutrition Care
Manual website (13) or based on resting energy expendi-
ture. Twenty participants from the WMP who were about
to start VLCD were recruited for this study. The study
protocol was reviewed and approved by the Institutional
Review Board at the University of Michigan, and all
participants provided written informed consent.

Research visits

Each participant attended two research visits (Figure 1).
The first research visit (visit 1) was scheduled up to 28d
before the first day of VLCD, and the second research
visit (visit 2) was scheduled within 45 d after the last day
of VLCD. The first and last days of VLCD were determined
through participants’ clinic records. The research visits
were scheduled in the morning, and participants were
asked to fast after midnight and not to brush their teeth
or chew gum within 1 h of their appointment time. The re-
search visits were also scheduled so that the participants
did not have any febrile illnesses or acute oral or nasal
diseases or have any dental procedures within 36 h
before the research visits. Visit 1 involved a questionnaire
© 2016 The Authors
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regarding demographic information, and both visits 1 and
2 included assessment of medical history, medication use
and smoking status. After completing the questionnaires
at visits 1 and 2, the participants underwent sweet taste
preference procedures.

Assessment of sweet taste preference

Sweet taste preference was evaluated using a forced-
choice, paired-comparison tracking method (14). Ten
sucrose concentrations – 0.043, 0.066, 0.097, 0.144,
0.212, 0.310, 0.450, 0.645, 0.905 and 1.239M equivalent
sucrose (prepared as 1.5%, 2.3%, 3.4%, 5.1%, 7.6%,
11.4%, 17.1%, 25.6%, 38.4% and 57.7% weight-
to-solvent volume) – were used for this study (15,16).
The solutions were prepared fresh for each participant
using food grade sucrose (American Sugar Refining, Inc.
Baltimore, MD, USA) and distilled drinking water
(Absopure, Plymouth, MI, USA). In this procedure, partici-
pants were asked to taste in their whole mouth without
swallowing a pair of 5mL solutions that differed in sucrose
concentration. After 5 s of tasting one solution, the partic-
ipants were asked to spit the solution into a basin and
rinse their mouths with distilled water before tasting an-
other solution. The participants were asked which solution
was preferred, and the response was recorded.

Each research visit had two series of taste tests. The
first pair of each series included the twomiddle range con-
centrations (0.144 and 0.450M). The second pair was
0.043 and 0.144M for participants who chose 0.144M in
the first pair and 0.450 and 1.239M for participants who
chose 0.450M in the first pair. The next pair and the pairs
thereafter were the preferred concentration that the partic-
ipant chose from the previous pair and (i) one step lower
concentration if the participant chose the lower concen-
tration in the previous pair or (ii) one step higher concen-
tration if the participant chose the higher concentration
in the previous pair. This pattern continued until a series
was concluded. A series was concluded when the partic-
ipant (i) chose the same preferred concentration consecu-
tively as the higher and lower concentrations of the pairs
or (ii) chose the lowest (0.043M) or highest (1.239M)
concentration as their preferred concentrations twice con-
secutively. If the series did not conclude at the 12th pair, it
ended without determining the most preferred sucrose
concentration. The second series was performed after a
3-min break after the first series. The order of the solutions
was randomized within a pair by a computer programme
to offset the potential bias associated with a uniform order
of presentation and minimize potential carry-over effects
(16). The time interval of 30–60 s between pairs was main-
tained. The most preferred sucrose concentration was
defined as the geometric mean of the most preferred
© 2016 The Authors
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sucrose concentration at each series, which was the
concentration chosen at the last two pairs of the series.
Anthropometric measurements

Data on baseline height and weight were collected at the
WMP enrollment visit; data on weight were collected via
medical records for 18months from initiation of the VLCD
or until December 2013, whichever came first. All WMP
patients were weighed on a calibrated scale (Scale-Tronix
Model 6002, White Plains, NY, USA), and height was
measured using a wall-mounted stadiometer (Easy-Glide
Bearing Stadiometer, Perspective Enterprises, Portage,
MI, USA). Percent change in body weight was calculated
based on the difference of body weight from the
baseline.
Statistical analyses

First, characteristics of study subjects were described,
and preferred sucrose concentrations were compared
by characteristics. Wilcoxon’s rank tests were used
because the distribution of preferred sucrose concentra-
tions was not normal.

Second, to examine the association between preferred
sucrose concentrations at visit 1 and body-weight
change after VLCD, mixed models were used to account
for the repeated measurements of body weight within a
subject. The outcome variable was the percentage
change in body weight from baseline. The initial model in-
cluded preferred sucrose concentration, weeks elapsed
from baseline and an interaction term between the pre-
ferred sucrose concentration and week. Because differ-
ent rates of weight change would be expected during
VLCD treatment (for approximately 12weeks) and after
VLCD treatment, piecewise regression modelling method
was used with a knot at 12weeks. The models included a
random effect of participants accounting for a correlated
error due to repeated measurements over time assuming
a compound symmetry covariance structure. As in the
initial unadjusted model, we constructed two multivariate
models. Multivariate model 1 included fixed variables for
age, sex and race, and multivariate model 2 also included
fixed variables for education, smoking and diabetes sta-
tus in addition to the variables included in the unadjusted
model.

Lastly, preferred sucrose concentrations were com-
pared before and after VLCD using Wilcoxon’s signed
rank tests. All statistical analyses used SAS® version 9.3
(SAS Institute Inc., Cary, NC, USA). The type I error was
set at 0.05.
besity and The Obesity Society. Obesity Science & Practice
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Results

Table 1 shows the characteristics of the 20 study partici-
pants in the analyses. The mean age was 53.1 (standard
deviation [SD]: 11.4) years, and 14 participants were
female. Six participants were African–American, and 14
were Caucasians. Mean BMI was 41.4 kgm�2 (SD:
7.5 kgm�2). Among the 20 participants initially recruited,
two participants’ preferred sucrose concentration was
assessed only once at visit 1 because of errors while
conducting the taste tests. If the preferred sucrose con-
centrations were measured only once, the geographic
means of the two series of taste tests were substituted
with the preferred sucrose concentration assessed only
once. The Spearman’s correlation coefficients between
the two repeated measurements of most preferred su-
crose concentration were 0.90 and 0.88 at visits 1 and
2, respectively. Also, two participants in the analysis did
not initiate VLCD within 28 d from visit 1 taste assessment
as anticipated (31 and 37d from visit 1 to the initiation of
Table 1 Characteristics of study participants stratified by taste pref-
erence at visit 1

Characteristics Frequency Median preferred
sucrose concentration
(range)

P-value**

Overall 20 0.45 (0.07, 1.24)
Age (year) 0.81

18–40 4 0.45 (0.08, 1.24)
≥40 16 0.41 (0.07, 1.24)

Sex 0.73
Female 14 0.45 (0.07, 1.24)
Male 6 0.46 (0.10, 0.91)

Race 0.03
African–American 6 0.68 (0.45, 1.24)
Caucasian 14 0.14 (0.07, 0.91)

Education 0.83
Less than
bachelor

6 0.51 (0.08, 0.91)

Bachelor or
above

14 0.45 (0.07, 1.24)

Smoking 0.83
Never 14 0.45 (0.07, 1.24)
Past/current 6 0.33 (0.08, 0.91)

Diabetes mellitus 0.37
No 12 0.45 (0.08, 1.24)
Yes 8 0.41 (0.07, 0.91)

BMI (kg m�2)* 0.16
<40 10 0.26 (0.07, 0.91)
≥40 10 0.49 (0.08, 1.24)

*Body weight and BMI were measured at the weight management
programme enrollment visit.
**P-values were based on Wilcoxon’s rank tests.
BMI, body mass index.

Obesity Science & Practice published by John Wiley & Sons Ltd,
VLCD), and one participant in the analysis had BMI at the
baseline (29.4 kgm�2) that was slightly less than in the
intended range to enrol in the WMP. When analyses
excluding these participants (total four, accounting for
overlap) were repeated, the result of the analyses was
essentially unchanged.

At visit 1, when taste testing was conducted at a median
of 6.5 (range 1 to 37) d from the initiation of VLCD, the me-
dian preferred sucrose concentrationwas 0.45M. The range
was 0.07–1.24M. The distribution was not normal (P-value
0.01 by a Shapiro–Wilk test) and was skewed to the right.
The preferred sucrose concentration was significantly
higher in African–American patients (median 0.68M) than
in Caucasian patients (median 0.14) (P-value 0.03). The
preferred sucrose concentrations were not different by
other socio-demographic or medical conditions (Table 1).

Table 2 presents the effects of preferred sucrose con-
centration at visit 1 and immediately following VLCD (visit
2) on body-weight change (%) over the 18-month course
of the WMP (including the period of VLCD and the main-
tenance) estimated by mixed models. Based on the unad-
justed mixed model, preferred sucrose concentration at
visit 1 did not predict change in body weight over time.
Body weight decreased by 0.811% (standard error [SE]:
0.094%) per week (P-value <0.01) during the period of
VLCD (until 12weeks) and became stable with a non-
significant increase of 0.003% (SE: 0.018%) per week
(P-value 0.86) during the maintenance phase (week 12
and thereafter up to 18months). Body-weight change
did not differ based on the preferred sucrose concentra-
tion both during the period of VLCD and during the main-
tenance phase. The decrease in body weight was greater
by 0.031% (SE: 0.016%) per week for every 0.1M incre-
ment in preferred sucrose concentration at visit 1 (P-value
0.05) during the period of VLCD. During the maintenance
phase (12weeks and thereafter), the increase was greater
by 0.003% (SE: 0.016%) per week for every 0.1M incre-
ment in preferred sucrose concentration (P-value 0.84).
These differences in body-weight change by preferred su-
crose concentration were not statistically significant. The
results were essentially unchanged after adjusting for
basic demographic factors, diabetes status and smoking
history. Figure 2 is a graphical presentation of the associ-
ation between the preferred sucrose concentration at visit
1 and body-weight change over the course of the study.

Repeated taste testing was performed after VLCD was
conducted for 12 of the 16 participants who were followed
to the end of VLCD. The duration of VLCD was 17.8weeks
(SD: 5.3weeks) as many participants in the programme
extended the period of VLCD. Following VLCD, mean
(SD) change in weight was �13.3 kg (6.6 kg), percentage
weight change was �11.3% (5.9%) and change in BMI
was �4.7 kgm�2 (2.4 kgm�2). Visit 2 occurred within a
© 2016 The Authors
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Figure 2 Change in body weight (%) based on the sweet taste pref-
erence at visit 1. Open squares with dotted lines represent partici-
pants with the most preferred sucrose concentration lower than the
median (N = 9). Closed circles with solid lines represent participants
with the most preferred sucrose concentration higher than the
median (N = 11).

Figure 3 Change in sweet taste preference after very-low-calorie
diet (VLCD). Overlapped observations are presented using jittering
for the preferred sucrose concentration up to ±5%.

Table 2 Body-weight change (%) per week during the weight management programme associated with preferred sucrose concentration

Body-weight change (%) Unadjusted Further adjusted for
age, sex and race

Further adjusted for
education, smoking and
diabetes

Coefficient (SE) P-value Coefficient (SE) P-value Coefficient (SE) P-value

0.1M higher preferred sucrose concentration 0.165 (0.169) 0.34 -0.052 (0.323) 0.87 -0.031 (0.327) 0.93
Until 12 weeks Per week -0.811 (0.094) <0.01 -0.812 (0.105) <0.01 -0.807 (0.105) <0.01

Per week for 0.1M higher
preferred sucrose concentration

-0.031 (0.016) 0.05 -0.031 (0.017) 0.06 -0.032 (0.017) 0.06

At 12 weeks and thereafter Per week 0.003 (0.018) 0.86 0.005 (0.018) 0.77 0.005 (0.019) 0.77
Per week for 0.1M higher
preferred sucrose concentration

0.003 (0.016) 0.84 0.005 (0.016) 0.75 0.005 (0.016) 0.76

SE, standard error.
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median of 20.5 d (range: 3–44d) from the end of VLCD.
Figure 3 presents each participant’s preferred sucrose
concentration before and after VLCD. Using Wilcoxon’s
signed rank test, accounting for non-normal distribution
of preferred sucrose concentrations, the change in pre-
ferred sucrose concentration before and after VLCD was
not significant (P-value 0.95).

Discussion

In this study, there was no association between sweet
taste preferences at visit 1 and weight change during or
for up to 18months after initiation of VLCD. There was
© 2016 The Authors
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also no significant change in sweet taste preferences
following an intensive medical weight management
intervention.

It was initially hypothesized that preference for lower
levels of sweetness might be associated with greater
weight loss at 12weeks and greater weight loss mainte-
nance after VLCD for 18months through a reduced
consumption of sweet foods. The findings from this study
did not support this hypothesis. However, the direction of
the change in percent body weight suggested that people
who like sweet taste lose more weight with VLCD, which
may be in part due to sweetness associated with the meal
replacement shakes.

It was also initially thought that intensive medical
weight management would change sweet taste prefer-
ences, but the findings in this study did not support this
hypothesis. The findings from previous studies had
similar outcomes (6,7). The information from this study
besity and The Obesity Society. Obesity Science & Practice
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suggests that the change in taste preference among
bariatric surgery patients (6,8) is not due to subsequent
changes in body weight but rather to other mechanisms.
The information is also useful to learn how robust taste
preference is after 12weeks of VLCD and significant
weight loss. In children (17) and adults (18), frequent
exposure to certain tastes is known to induce preference
to the tastes. The repeated exposure to liquid meal
replacements, which are known to be sweet, might have
offset the potential decrease in sweet taste liking.

To our knowledge, this is the first study to assess the
association between sweet taste preferences and weight
regain during and after VLCD. It is also one of the few stud-
ies (6,7) to assess the change in sweet taste preferences
during and after VLCD. Larger and more detailed investi-
gations are required, including caloric intake specifically
from sweet foods. Additionally, separate evaluation of
liking and wanting (19) of sweet taste might be important
when considering the link to actual dietary intake.

Even though this study did not investigate sweet taste
detection/recognition thresholds, there are a few publica-
tions that suggest that medical and surgical weight loss
might decrease sweet taste thresholds in humans. One
study has shown that sweet taste detection threshold de-
creased after a medical weight loss programme (20). With
regard to surgical weight loss, two studies showed that
sweet taste detection or recognition thresholds de-
creased after Roux-en-Y gastric bypass surgeries (9,21),
although another study did not find the same change
(22). Decreased sweet taste detection or recognition
threshold may lead to increased sweet taste intensity,
which may result in a heightened pleasantness of sweet
taste. In this study, we did not measure sweet taste inten-
sity. Future research is warranted to elucidate the rela-
tionships among threshold, suprathreshold intensity and
pleasantness of taste.

Apart from the results of the main analyses of this
study, significant differences in sweet taste preference
between two racial groups were observed: African–
American participants had higher preferred sucrose con-
centrations than Caucasian participants. Although this is
consistent with previous reports (23,24), confirmatory
studies using representative population-based samples
are warranted to test the racial differences in sweet taste
preferences.

A major limitation of this study is its small sample size.
Previous studies on this topic tended to be small
except for two with sample sizes of approximately 50
(6,7). It is possible that the current study was underpow-
ered for the changes in sweet taste preference after
medical weight loss management and prediction of the
longer-term change in weight during and after VLCD by
sweet taste preference. In addition, the relatively low rate
Obesity Science & Practice published by John Wiley & Sons Ltd,
of the follow-up reduced the actual statistical power.
Although it is not common to administer VLCD for more
than a few months, it is also possible that 12weeks of
exposure to VLCD might have been insufficient to alter
sweet taste liking. In addition to a small sample size, this
study did not collect information on adherence to VLCD
systematically, although all patients received counselling
on their adherence as a part of weight loss programme
and participants lost a substantial amount of weight.
Therefore, the findings might have to be interpreted as
an effect of medical weight loss intervention rather a
specific effect of VLCD. Future studies with larger sample
sizes and more complete follow-up are needed.

In conclusion, sweet taste preference at baseline did
not predict longer-term change in weight during or after
VLCD, and sweet taste preferences did not change imme-
diately after VLCD. Given the complexity of the potential
mechanisms by which weight loss can modify taste per-
ception and preference, future studies with greater sam-
ple size, more comprehensive data collection on dietary
habits and different dietary interventions are warranted.
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