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ABSTRACT
Aims/Introduction: Higher hedonic hunger has been observed in obese individuals
compared with those without obesity, but little is known about its association with glyce-
mic management. We aimed to examine the association between hedonic hunger and
glycemic control in non-obese and obese patients with type 2 diabetes.
Materials and Methods: Between April and November 2016, a total of 211 type 2 dia-
betes patients who underwent comprehensive diabetes assessments at a university-affiliated
hospital were recruited into two groups according to body mass index: non-obese (body
mass index 18.5–24.9 kg/m2) and obese (body mass index ≥30 kg/m2) groups. All partici-
pants completed the Chinese version of the Power of Food Scale (PFS) for assessment of
hedonic hunger. Good glycemic control was defined as glycated hemoglobin <7.0%.
Results: Compared with the non-obese group, the obese group showed higher PFS
aggregated and subscale ‘food available’ scores (both P < 0.05). After adjustment for age,
sex, disease duration of diabetes and insulin use, there were positive associations of gly-
cated hemoglobin with PFS aggregated, subscale ‘food available’ and ‘food present’ scores
in the obese group (all P for trend <0.05). The PFS aggregated score was negatively asso-
ciated with good glycemic control in obese type 2 diabetes patients after adjustment
using logistic regression analysis (adjusted odds ratio 0.42, 95% confidence interval 0.20–
0.91, P = 0.027). By contrast, such associations were not observed in non-obese type 2
diabetes patients.
Conclusions: Hedonic hunger had an independent and inverse association with good
glycemic control in obese Chinese patients with type 2 diabetes, but not in their counter-
parts without obesity.

INTRODUCTION
Achieving good glycemic control for obese patients with type 2
diabetes is a prevalent challenge for many clinicians around the
world. Owing to a combination of factors including rapid
socioeconomic development, genetic predisposition, urbaniza-
tion and decreased physical activity level, together with an
increasing availability of energy dense and palatable foods, the
burden of obesity and type 2 diabetes is growing globally,
particularly in Asian countries, namely India and China1–3.
Compared with European people, Asian people tend to have

a higher percentage of total body fat and more abdominal obe-
sity at the same level of body mass index (BMI), translating to

more insulin resistance and an increased magnitude of inflam-
mation4. Furthermore, commonly used antidiabetic agents, such
as sulfonylurea and insulin, are widely known for their poten-
tial side-effect on causing weight gain5. This leads to a vicious
cycle with a further increase of insulin resistance when the
dosage of antidiabetic medications are escalated to achieve gly-
cemic goals6. Data from the Hong Kong Diabetes Registry, a
prospective cohort established since 1995, has shown that obese
patients with type 2 diabetes are particularly difficult to treat,
with an extremely high risk for future events of diabetes-related
complications7.
Identifying the factors that influence appetite is critical for

developing effective interventional strategies in diabetes man-
agement, particularly for patients with type 2 diabetes andReceived 18 August 2017; revised 4 December 2017; accepted 27 December 2017
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obesity. The mechanisms controlling food intake are complex,
partially modulated by two highly interrelated systems: the
homeostatic regulation for the control of energy intake and the
hedonic regulation for the control of sensory pleasure in eat-
ing8. Hedonic hunger, a relatively new construct, refers to the
appetitive drive to eat palatable foods, particularly those high in
fat and/or sugar, in the absence of a physiological need (i.e.,
caloric deficit) in an obesogenic food environment9. Previous
studies reported that obese adults expressed higher hedonic
hunger than non-obese controls10,11. Furthermore, interven-
tions, such as weight loss programs and bariatric surgeries, have
shown the impact of these treatment strategies on the change
in levels of hedonic hunger in obese individuals. A study exam-
ining the changes in hedonic hunger after a 12-week commer-
cial weight loss program showed that there was a negative
association between weight control behaviors and hedonic hun-
ger, with a decrease in hedonic hunger being associated with
better weight loss12. Hedonic hunger was also lower in severely
obese patients who underwent gastric banding13 and gastric
bypass11 as compared with severely obese controls. There was
also a marked reduction in hedonic hunger as measured from
preoperation Power of Food Scale (PFS) scores, suggesting an
improvement in hedonic hunger, in severely obese patients after
gastric bypass surgery14.
It is a common clinical observation that obese patients with

type 2 diabetes often report their overeating behavior due to an
intense desire to consume highly tempting foods, but not the
feeling of hunger, suggesting a disturbed regulation of appetite
and food intake in these patients. Recognizing the hedonic hun-
ger characteristics of type 2 diabetes patients, as well as the
association of hedonic hunger and glycemic control, might help
to identify those patients who are most susceptible to overeat-
ing behavior and provide early intervention for hedonic hunger
control. Studies exploring the clinical profile and their associa-
tions with hedonic hunger between type 2 diabetes patients
with and without obesity are lacking. Early reported data sug-
gested age and sex would influence appetite rating15. However,
whether hedonic drive to eat and its related influential factors
affect glycemic control in these patients has not yet been fully
investigated. The aim of the present study was to examine the
association between hedonic hunger and glycemic control in
obese Chinese patients with type 2 diabetes compared with
their non-obese counterparts.

METHODS
Participants and setting
Between April and November 2016, we invited adult type 2
diabetes patients who underwent their regular comprehensive
assessment for treatment goals and diabetes-related complica-
tions at the Diabetes Center of the Prince of Wales Hospital
(PWH) to participate this study. PWH is a university-affiliated
hospital with 1,300 beds and 22 medical clinics serving a popu-
lation of >1.2 million predominantly of Chinese ethnicity in
Hong Kong. All study participants were diagnosed as having

type 2 diabetes as defined by the World Health Organization
criteria16, and referred from general practitioners, general medi-
cal and specialist hospital clinics. The participants were
recruited into two groups based on two BMI ranges: non-obese
(body BMI 18.5–24.9 kg/m2) and obese (BMI ≥30 kg/m2)
groups. These BMI cut-offs were based on the World Health
Organization international classification of weight 200417. In
addition, the participants were considered eligible to enter this
study if they met the following inclusion criteria: ages 18–
65 years, Chinese ethnicity and a documented diagnosis of type
2 diabetes ≥6 months. Exclusion criteria included type 1 dia-
betes, pregnancy and lactation, and health conditions that could
affect appetite and oral intake including end-stage renal failure
requiring dialysis, chronic kidney disease stage 4 and above,
malignancy diagnosed within 3 years and previously underwent
bariatric surgery.
The study protocol conformed to the ethical guidelines of

the Declaration of Helsinki, and was approved by the Clinical
Research Ethics Committee of The Chinese University of Hong
Kong- Prince of Wales Hospital (CREC reference number
2016.126). All participants provided informed written consent.

Diabetes-related metabolic control and complication
assessment and laboratory assays
The diabetes-related metabolic control and complication assess-
ment included an interview with detailed documentation of
medical history and current use of medications, anthropometric
measurements and biochemical evaluations, and was carried
out by qualified diabetes nurses based on the modified Euro-
pean DiabCare protocol18. Anthropometric parameters includ-
ing bodyweight, body height, waist and hip circumferences,
systolic blood pressure, and diastolic blood pressure were mea-
sured. Blood samples were collected from participants for bio-
chemical analyses after fasting for at least 8 h. Fasting plasma
glucose and lipid profile including total cholesterol, triglyceride
and high-density lipoprotein cholesterol were measured by the
Roche Modular Analytics system (Roche Diagnostics GmbH,
Mannheim, Germany). Low-density lipoprotein cholesterol was
calculated using the Friedewald formula19. Glycated hemoglobin
(HbA1c) was measured by the Cobas Integra 800 System
(Roche Diagnostics GmbH). All laboratory assays were carried
out within the manufacturer’s specifications using standard pro-
tocols under the Department of Chemical Pathology at the
PWH. The laboratory is accredited by the Australian National
Association of Testing Authorities. Good glycemic control was
defined as HbA1c <7.0%

20.

Assessment of hedonic hunger
All participants were asked to complete the Chinese version of
the PFS21. The original PFS is a 15-item self-administered ques-
tionnaire, which has been developed and validated as a psycho-
metric evaluation to quantify the level of hedonic hunger10,22.
The PFS assesses the motivation to eat highly palatable foods
in an obesogenic environment, but not the actual food
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consumption behavior, in three subscale domains: (i) ‘food
available’ as the situation where food is available, but not pre-
sent; (ii) ‘food present’ as food is present, but not tasted; and
(iii) ‘food tasted’ as food first tasted, but not consumed. Exam-
ples of PFS items include ‘I find myself thinking about food
even when I’m not physically hungry’ for the ‘food available’
domain; ‘If I see or smell a food I like, I get a powerful urge to
have some’ for the ‘food present’ domain and ‘When I eat deli-
cious food, I focus a lot on how good it tastes’ for the ‘food
tasted’ domain. The patients scored their response for each item
on a 5-point Likert scale from 1 ‘I don’t agree at all’ to 5 ‘I
strongly agree.’ Hedonic hunger was represented by the PFS
aggregated score derived from the average of three subscale
scores, rather than a summed score. Each subscale score was
the mean score of the items in each domain. The PFS aggre-
gated and subscale scores each range from 1 to 5.
The development of the Chinese version of the PFS involved

four main stages: (i) contact with the PFS creator for approval
and original questionnaire; (ii) two independent forward and
backward translations from the original English version by two
native Chinese speakers fluent in English; (iii) content validation
of the translated scale by a 10-content-expert panel (3 dietitians,
3 diabetologists, 1 bariatric surgeon and 3 diabetes nurses); and
(iv) assessment of test–retest reliability within a 2–3-week inter-
val among Chinese type 2 diabetes patients recruited at the
PWH diabetes center21. The overall rating for content validity
was high, attaining a mean score of 4.7 – 0.3 on a 5-point Lik-
ert scale (individual item ratings ranged 4.3–5.0) with minor
suggested changes on the fluency of four items. The Chinese
version of the PFS was tested in 32 type 2 diabetes patients
(68.8% men, mean age 56.5 – 8.7 years and median diabetes
duration 6.0 years [interquartile range 2.0–14.8 years]). The
intraclass correlation coefficients for test–retest reliability were
satisfactory with 0.95 (95% confidence interval [CI] 0.90–0.98)
for PFS aggregated, 0.97 (95% CI 0.93–0.99) for subscale ‘food
available,’ 0.92 (95% CI 0.83–0.96) for ‘food present’ and 0.92
(95% CI 0.82–0.96) for ‘food tasted’ scores, respectively.

Statistical analysis
All statistical analysis was carried out by the SPSS version 23
software (2015; SPSS Inc., Chicago, IL, USA). A P-value <0.05
(two-tailed) was considered as statistically significant.
We compared the demographic, clinical and biochemical

characteristics, as well as hedonic hunger profiles, between the
non-obese and obese groups. We made the further comparison
of the participants according to their levels of glycemic control
(HbA1c <7.0%, 7.0–8.9% and ≥9.0%). Continuous variables
were expressed as mean – standard deviation for those follow-
ing normal Gaussian distribution, or median (interquartile
range) for those with skewed distribution; whereas categorical
variables were expressed as number (percentage). The v2-test
was used for between-group comparisons of categorical vari-
ables, whereas independent Student’s t-test or one-way analysis
of variance (ANOVA) was used for comparisons of normally

distributed continuous variables. The Wilcoxon rank-sum test
was used for comparisons of continuous variables with skewed
distribution. Analysis of covariance (ANCOVA) was used for
between-group comparisons for continuous variables, and logis-
tic regression for categorical variables across glycemic status
with adjustment for age, sex, disease duration of diabetes and
insulin use as covariates where age and sex were reported to be
associated with hedonic hunger; and diabetes duration and
insulin use were well known to affect bodyweight and appetite.
Multiple logistic regression analysis using age, sex, waist cir-
cumference, systolic blood pressure, lipid profile (low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol and
triglyceride), disease duration of diabetes, insulin use and PFS
aggregated score as independent variables was carried out to
estimate their independent effects on the status of having good
glycemic control.
To estimate the sample size (n), we have the null hypothesis

that hedonic hunger as assessed by the PFS aggregated score has
no difference between those with or without good glycemic con-
trol (HbA1c <7%). We set a clinically relevant difference (d) on
the PFS score as 10% of the maximal score (i.e., 0.5 point). As
the published standard error of the PFS score from the dataset
from Cappelleri et al.10 was 0.02, the standard deviation (s) was
0.83. The standardized difference was the ratio of d and s:

d=s ¼ 0:5=0:83 ¼ 0:60

With the standardized difference being 0.6, statistical power
at 80% and level of significance at 5%, a minimum sample size
(n) = 92 was estimated using the Altman’s nomogram for cal-
culating sample size23. In addition, the two groups compared
would have unequal sample sizes, as previous reports from the
same setting showed that approximately 40% of patients had
good glycemic control (HbA1c <7%) and 60% did not have
good control22. Hence, the adjusted sample size (n*) was:

n� ¼ n� ð1þ kÞ2=4k ¼ 92� 1:04 ¼ 96;

where k = 60%/40%.
With an extra 10% added as consideration for potential

incomplete data collection after participant recruitment, the
sample size (n) = 105 or above was estimated, and was applica-
ble for the two patient groups.

RESULTS
A total of 211 Chinese patients with type 2 diabetes were
enrolled in the present study. There were 105 (49.8%) and 106
(50.2%) participants in the non-obese and obese groups, respec-
tively. The overall mean age – standard deviation of the study
participants was 54.0 – 8.6 years, with 54.5% being men. The
mean disease duration of diabetes was 8.8 – 7.7 years. Table 1
summarizes the clinical characteristics, biochemical parameters
and PFS scores of the study participants. With the exception of
age, there were no significant between-group differences in
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sociodemographics, disease duration of diabetes and glycemic
profiles including fasting plasma glucose, HbA1c and percentage
of patients reaching good glycemic control. Compared with their
non-obese counterparts, the obese type 2 diabetes patients had
significantly higher diastolic blood pressure, triglyceride, alanine
aminotransferase and urate, and lower high-density lipoprotein
cholesterol (all P < 0.05). The PFS aggregated (P = 0.017) and
subscale ‘food available’ (P = 0.002) scores were also markly
higher in the obese group, whereas the subscale ‘food present’
and ‘food tasted’ scores did not differ significantly between both
groups (P = 0.101 and 0.080, respectively).
The clinical, biochemical and hedonic hunger profiles accord-

ing to the glycemic status of the non-obese and obese type 2
diabetes groups are presented in Tables 2 and 3, respectively.

For both groups, the patients with higher HbA1c levels were
more likely to have a higher percentage of insulin use and
longer disease duration of diabetes than those with lower
HbA1c levels. After adjustment for potential confounders,
including age, sex, disease duration of diabetes and insulin use,
positive linear trends for PFS aggregated (P for trend = 0.017),
subscale ‘food available’ (P for trend = 0.019) and ‘food pre-
sent’ (P for trend = 0.022) scores with HbA1c levels remained
to be statistically significant in the obese type 2 diabetes group
(Figure 1b). By contrast, no significant difference in PFS scores
was observed among the levels of glycemic control in the non-
obese type 2 diabetes group (Figure 1a).
We analyzed the association of the PFS aggregated score with

good glycemic control in the non-obese and obese type 2

Table 1 | Clinical, biochemical and hedonic hunger profiles of the study participants

All (n = 211) Non-obese T2D (n = 105) Obese T2D (n = 106) P-value

Clinical profile
Age (years) 54.0 – 8.6 55.8 – 7.5 52.1 – 9.2 0.001
Male 115 (54.5) 57 (49.6) 58 (50.4) 0.950
Education level
Primary or below 51 (24.2) 27 (5.7) 24 (22.6) 0.116
Secondary 120 (56.9) 64 (61.0) 56 (52.8) –
College or above 40 (19.0) 14 (13.3) 26 (24.5) –

Full/part-time employment 136 (64.5) 66 (62.9) 70 (66.0) 0.629
Current and ex-smoker 50 (23.7) 24 (22.9) 26 (24.5) 0.692
Current and ex-drinker 67 (31.8) 32 (30.5) 35 (33.0) 0.683
Disease duration of diabetes (years) 8.8 – 7.7 9.1 – 7.8 8.5 – 7.6 0.566
Insulin use 72 (34.1) 32 (30.5) 40 (37.7) 0.266
Weight (kg) 78.1 – 21.1 61.2 – 8.9 94.8 – 15.7 <0.001
BMI (kg/m2) 28.7 – 6.8 22.7 – 1.6 34.6 – 4.3 <0.001
Waist circumference (cm) 97.6 – 16.2 84.3 – 7.4 110.7 – 11.1 <0.001
Waist-to-hip ratio 0.95 – 0.07 0.91 – 0.06 0.98 – 0.07 <0.001
SBP (mmHg) 131.5 – 20.3 130.1 – 21.8 132.9 – 18.6 0.311
DBP (mmHg) 74.5 – 11.7 72.0 – 11.1 77.1 – 11.7 <0.001

Biochemical profile
FPG (mmol/L) 7.6 – 2.7 7.5 – 2.2 7.7 – 2.3 0.601
HbA1c (%) 7.7 – 1.5 7.6 – 1.6 7.7 – 1.4 0.495
Good glycemic control† 81 (38.4) 42 (40) 39 (36.8) 0.368
TC (mmol/L) 4.14 – 0.86 4.21 – 0.85 4.07 – 0.87 0.274
LDL-C (mmol/L) 2.19 – 0.74 2.23 – 0.78 2.15 – 0.70 0.439
HDL-C (mmol/L) 1.25 – 0.36 1.34 – 0.39 1.15 – 0.30 <0.001
TG (mmol/L) 1.33 (0.93–1.97) 1.12 (0.79–1.77) 1.42 (1.06–2.08) 0.033
ALP (mmol/L) 65.6 – 17.3 63.6 – 16.9 67.6 – 17.5 0.098
ALT (mmol/L) 29.5 – 17.4 23.7 – 9.7 35.1 – 21.1 <0.001
Urate (mmol/L) 0.36 – 0.10 0.34 – 0.03 0.38 – 0.10 0.002

Hedonic hunger profile
PFS aggregated score 2.17 – 0.80 2.04 – 0.80 2.30 – 0.79 0.017
Subscale ‘food available’ 2.04 – 0.84 1.87 – 0.78 2.22 – 0.86 0.002
Subscale ‘food present’ 2.32 – 0.86 2.23 – 0.86 2.42 – 0.85 0.101
Subscale ‘food tasted’ 2.20 – 0.88 2.10 – 0.92 2.31 – 0.84 0.080

Variables are presented as mean – standard deviation, frequency (%) or median (interquartile range). †Good glycemic control is defined as glycated
hemoglobin (HbA1c) <7.0%. ALP, alkaline phosphatase level; ALT, alanine transaminase; BMI, body mass index; DBP, diastolic blood pressure; FPG,
fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PFS, Power of Food Scale (as a mea-
sure for hedonic hunger); SBP, systolic blood pressure; T2D, type 2 diabetes; TC, total cholesterol; TG, triglyceride.
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diabetes groups using multiple logistic regression (Table 4). For
the obese group, low PFS aggregated score (P = 0.027), young
age (P = 0.008), low percentage of insulin use (P = 0.032) and
male sex (P = 0.007) were independently associated with good
glycemic control (Table 4). The multiple logistic regression
analysis for the obese type 2 diabetes group suggested that
every 1-point increase in the PFS aggregated score was associ-
ated with a 58% decrease in the likelihood of attaining good
glycemic control (95% CI 0.20–0.91, P = 0.027). On the con-
trary, among the non-obese type 2 diabetes patients, only short
disease duration of diabetes (P = 0.006) was associated with
good glycemic control (Table 4).

DISCUSSION
To our knowledge, this is the first study to show distinct differ-
ences in hedonic hunger level as well as an association between
hedonic hunger and glycemic control in type 2 diabetes patients
with and without obesity. The obese type 2 diabetes group did

not only have higher hedonic hunger than the non-obese type
2 diabetes group, but also a significant and positive linear asso-
ciation between hedonic hunger and glycemic control. Further-
more, a low PFS aggregated score remained associated with
achieving good glycemic control in the obese type 2 diabetes
group after adjusting for potential confounders. The present
findings are consistent with previous studies that hedonic hun-
ger is associated with obesity, even among individuals with type
2 diabetes, as shown in our patients. Interestingly, these associa-
tions were not observed in the non-obese type 2 diabetes
group. One reason might be that the degree of hedonic hunger
in this group of patients is not particularly strong and with our
relatively small sample size, the clinical significance cannot be
shown in this cohort. In addition, other potential factors might
be involved that require further and bigger studies for a better
understanding.
Our finding of higher PFS aggregated, subscale ‘food avail-

able’ and ‘food present’ scores in the obese type 2 diabetes

Table 2 | Clinical, biochemical and hedonic hunger profiles of non-obese type 2 diabetes patients stratified according to glycemic status

HbA1c <7.0%
(n = 42)

HbA1c 7.0–8.9%
(n = 46)

HbA1c ≥9.0%
(n = 17)

P-value for
trend

Adjusted
P-value†

Clinical profile
Age (years) 54.1 – 8.2 56.8 – 7.3 57.5 – 5.5 0.071 –
Male 25 (64.1) 24 (50.0) 9 (64.7) 0.580 –
Smoking 10 (23.8) 12 (26.1) 2 (11.8) 0.457 0.441
Alcohol drinking 13 (31.0) 12 (26.1) 7 (41.2) 0.631 0.582
Disease duration of diabetes (years) 5.95 – 6.3 11.35 – 7.5 10.9 – 9.6 0.003 –
Insulin use 8 (19.0) 17 (37.0) 7 (41.2) 0.049 –
Weight (kg) 61.1 – 9.7 60.9 – 8.5 62.2 – 8.3 0.757 0.892
BMI (kg/m2) 22.5 – 1.8 22.8 – 1.6 22.8 – 1.1 0.498 0.754
Waist circumference (cm) 84.0 – 7.7 84.0 – 7.6 86.1 – 6.1 0.435 0.851
Waist-to-hip ratio 0.91 – 0.06 0.91 – 0.06 0.92 – 0.04 0.512 0.989
SBP (mmHg) 124.7 – 24.2 133.0 – 19.5 135.4 – 19.5 0.046 0.043
DBP (mmHg) 70.8 – 11.1 72.0 – 11.2 74.8 – 10.6 0.227 0.080

Biochemical profile
FPG (mmol/L) 6.4 – 1.0 8.0 – 2.2 9.3 – 3.0 <0.001 <0.001
HbA1c (%) 6.3 – 0.5 7.7 – 0.6 10.6 – 2.0 <0.001 <0.001
TC (mmol/L) 4.37 – 0.86 4.03 – 0.80 4.25 – 0.91 0.310 0.397
LDL-C (mmol/L) 2.33 – 0.79 2.08 – 0.75 2.38 – 0.82 0.758 0.442
HDL-C (mmol/L) 1.39 – 0.33 1.33 – 0.46 1.30 – 0.36 0.408 0.870
TG (mmol/L) 1.20 (0.72–1.89) 1.15 (0.79–1.78) 1.12 (0.88–1.73) 0.970 0.648
ALP (mmol/L) 62.2 – 17.4 63.8 – 15.5 66.6 – 19.9 0.373 0.472
ALT (mmol/L) 21.9 – 9.1 24.6 – 10.7 25.8 – 8.3 0.123 0.360
Urate (mmol/L) 0.35 – 0.08 0.34 – 0.08 0.32 – 0.09 0.333 0.449

Hedonic hunger profile
PFS aggregated score 2.11 – 0.74 1.95 – 0.77 2.12 – 1.01 0.775 0.731
Subscale ‘food available’ 1.94 – 0.73 1.78 – 0.77 1.93 – 0.96 0.728 0.731
Subscale ‘food present’ 2.18 – 0.83 2.21 – 0.79 2.40 – 1.11 0.454 0.589
Subscale ‘food tasted’ 2.26 – 0.86 1.95 – 0.89 2.12 – 1.10 0.341 0.451

Total n = 105. Variables are presented as mean – standard deviation, frequency (%) or median (interquartile range). †P-value after adjustment for
age, gender, disease duration of diabetes and insulin use. ALP, alkaline phosphatase level; ALT, alanine transaminase; BMI, body mass index; DBP,
diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; PFS, Power of Food Scale (as a measure for hedonic hunger); SBP, systolic blood pressure; T2D, type 2 diabetes; TC, total
cholesterol; TG, triglyceride.
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patients when compared with the non-obese counterparts is in
keeping with the previous reports of a positive relationship
between BMI and PFS scores in severely obese individuals who
received bariatric-surgery11 or attended a clinical weight-loss
treatment program12. This observation suggests that hedonic
eating drives are significantly increased in these severe obese
patients, and might be an important driver in the pathogenesis
of obesity and its related diseases. Among the PFS subscale
scores, the ‘food tasted’ domain was the only exception that did
not reach statistical difference between the non-obese and obese
groups, as well as across glycemic levels, suggesting that obesity
and glycemic control might be relatively less susceptible to the
food taste-related pleasure in these patients. Although insulin is
notorious for its potential adverse effects on increasing the risk
of hypoglycemia, feeling of physical hunger and weight gain5,
we did not observe a significant difference in the percentage of
insulin use between the non-obese and obese groups. In addi-
tion, the independent linear trend of PFS scores with HbA1c

level remained significant in the obese group after adjusting for
potential confounders including insulin use. Thus, it is reason-
able to believe that the high hedonic hunger in the obese
patients, as well as the linear relationship with poor glycemic
control, was unlikely to be related to insulin use.
The strength of the present study was the assessment of

hedonic hunger with a Chinese content-validated questionnaire
together with a detailed documentation of medication use
including insulin and the comprehensive clinical and metabolic
profile of the participants. As all participants were part of the
Hong Kong Diabetes Registry7,24, there is a potential in the
future for us to explore the secular trend and associations
between the hedonic drive and diabetes-related outcomes in a
prospective follow up of the study participants.
We acknowledge that the present study had some limitations.

First, the determination of hedonic hunger by using a self-
reported questionnaire could lead to potential subjective bias.
Neuroimaging has emerged as an objective and non-invasive

Table 3 | Clinical, biochemical and hedonic hunger profiles of obese type 2 diabetes patients stratified according to glycemic status

HbA1c <7.0%
(n = 39)

HbA1c 7.0–8.9%
(n = 49)

HbA1c ≥9.0%
(n = 18)

P-value
for trend

Adjusted
P-value†

Clinical profile
Age (years) 49.4 – 9.5 54.1 – 9.2 52.6 – 7.3 0.087 –
Male 25 (64.1) 24 (49.0) 9 (50.0) 0.215 –
Smoking 12 (30.8) 11 (22.4) 3 (16.7) 0.221 0.287
Alcohol drinking 13 (33.3) 15 (30.6) 7 (38.9) 0.786 0.359
Disease duration of diabetes (years) 5.3 – 6.3 10.0 – 7.8 11.6 – 7.5 0.001 –
Insulin use (%) 7 (17.9) 22 (44.9) 11 (61.1) 0.001 –
Weight (kg) 94.4 – 14.4 94.0 – 16.1 97.5 – 18.0 0.578 0.775
BMI (kg/m2) 34.2 – 4.4 34.4 – 3.8 35.7 – 5.2 0.265 0.693
Waist circumference (cm) 108.2 – 9.5 111.4 – 11.3 113.9 – 12.9 0.055 0.217
Waist-to-hip ratio 0.97 – 0.07 0.99 – 0.07 0.99 – 0.08 0.138 0.064
SBP (mmHg) 132.7 – 19.1 134.0 – 16.6 130.2 – 23.4 0.775 0.529
DBP (mmHg) 77.6 – 11.4 75.6 – 10.1 80.2 – 16.3 0.714 0.276

Biochemical profile
FPG (mmol/L) 6.2 – 1.0 7.6 – 1.7 10.8 – 2.6 <0.001 <0.001
HbA1c (%) 6.5 – 0.4 7.7 – 0.6 10.1 – 1.2 <0.001 <0.001
TC (mmol/L) 4.00 – 0.94 4.06 – 0.79 4.33 – 0.96 0.293 0.225
LDL-C (mmol/L) 2.14 – 0.75 2.13 – 0.54 2.26 – 0.85 0.652 0.350
HDL-C (mmol/L) 1.18 – 0.33 1.14 – 0.29 1.11 – 0.30 0.411 0.105
TG (mmol/L) 1.26 (1.00–2.00) 1.48 (1.16–1.48) 1.66 (1.13–2.17) 0.062 0.075
ALP (mmol/L) 64.7 – 18.3 68.1 – 17.4 72.4 – 15.3 0.119 0.318
ALT (mmol/L) 68.1 – 17.4 33.9 – 15.6 40.4 – 23.3 0.401 0.324

Urate (mmol/L) 0.39 – 0.11 0.38 – 0.10 0.35 – 0.12 0.256 0.396
Hedonic hunger profile

PFS aggregated score 2.08 – 0.56 2.36 – 0.83 2.63 – 0.97 0.011 0.017
Subscale ‘food available’ 1.96 – 0.58 2.31 – 0.95 2.56 – 1.02 0.010 0.019
Subscale ‘food present’ 2.20 – 0.68 2.46 – 0.87 2.81 – 0.99 0.013 0.022
Subscale ‘food tasted’ 2.13 – 0.71 2.36 – 0.83 2.58 – 1.10 0.051 0.067

Total n = 106. Variables are presented as mean – standard deviation, frequency (%) or median (interquartile range). †P-values after adjustment for
age, gender, disease duration of diabetes and insulin use. ALP, alkaline phosphatase level; ALT, alanine transaminase; BMI, body mass index; DBP,
diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; PFS, Power of Food Scale (as a measure for hedonic hunger); SBP, systolic blood pressure; T2D, type 2 diabetes; TC, total
cholesterol; TG, triglyceride.

1140 J Diabetes Investig Vol. 9 No. 5 September 2018 ª 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Cheung et al. http://onlinelibrary.wiley.com/journal/jdi



recording of brain activity to assess the neural control of
human appetite, but it is expensive and not readily available in
routine clinical settings25. A previous study on healthy,
normal-weight men has shown a positive correlation between
the intensity of magnetoencephalography responses, a form of
neuroimaging, to viewing food images with the PFS aggregated,

‘food available’ and ‘food present’ subscale scores26. This sup-
ports using PFS as a practical alternative measure in evaluating
appetite control. Second, because of the cross-sectional nature
of the present study, it precludes the examination of a causal
relationship between hedonic hunger and glycemic control.
Based on a study of healthy individuals recruited from the
community, higher PFS scores were associated with more daily
snacking on average than those with lower PFS scores, and
more average daily snacking was associated with higher BMI
than their counterparts with less snacking habit27. From
another study involving obese patients who had received a
Roux-en-Y gastric bypass, there was a significant reduction in
the hedonic drive to consume palatable food, as well as benefi-
cial changes in dietary behaviors characterized by an increased
intake of protein-rich foods and vegetables, and a reduced con-
sumption of sugary snacks and beverages after surgery, when
compared with their preoperative assessment14. Hence, future
studies examining both dietary intake and quality in relation to
hedonic drive specifically in the type 2 diabetes population will
be useful to better elucidate the mechanism among actual food
consumption, hedonic hunger and glycemic management.
Finally, the participant recruitment based on two distinct BMI
ranges for the non-obese and obese groups was intentional to
allow potentially larger between-group contrast. A larger sample
size with a continuum of BMI for different weight classifica-
tions might be considered in future studies. In conclusion, the
present study provides clinical evidence that low hedonic hun-
ger, as measured by PFS scores, is associated with good glyce-
mic control in obese Chinese patients with type 2 diabetes.
Such an association was not observed in the non-obese type 2
diabetes patients. The findings from the present study highlight
the importance of assessing hedonic hunger in type 2 diabetes
patients, especially those with obesity. PFS is a relatively conve-
nient tool to identify those type 2 diabetes patients with high

5 HbA1c < 7.0%
HbA1c = 7.0–8.9%
HbA1c ≥ 9.0%
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Figure 1 | The mean (–standard deviation) Power of Food Scale (PFS)
aggregated, subscale ‘food available,’ ‘food present’ and ‘food tasted’
scores for (a) 105 non-obese and (b) 106 obese type 2 diabetes
patients stratified according to glycemic status. *P < 0.05 after
adjustment for age, sex, disease duration of diabetes and insulin use.

Table 4 | Multipe regession analysis on the association between the Power of Food Scale aggregated score and good glycemic control† in non-
obese and obese type 2 diabetes patients

Non-obese T2D (n = 105) Obese T2D (n = 106)

b Odds ratio (95% CI) P-value b Odds ratio (95% CI) P-value

PFS aggregated score –0.16 0.85 (0.46–1.59) 0.853 –0.87 0.42 (0.19–0.91) 0.027
Age –0.04 0.96 (0.91–1.02) 0.962 –0.09 0.91 (0.85–0.98) 0.008
Male 0.27 1.31 (0.48–3.56) 0.598 1.75 5.72 (1.60–20.49) 0.007
Disease duration of diabetes –0.11 0.89 (0.82–0.97) 0.006 –0.08 0.93 (0.85–1.02) 0.103
Insulin use –0.24 0.79 (0.23–2.70) 0.788 –1.47 0.23 (0.06–0.88) 0.032
SBP –0.02 0.98 (0.95–1.009) 0.167 0.02 1.02 (0.99–1.06) 0.194
DBP –0.03 0.98 (0.92–1.04) 0.430 –0.03 0.97 (0.91–1.03) 0.279
LDL-C 0.16 1.19 (0.64–2.17) 0.598 –0.43 0.65 (0.29–1.49) 0.310
HDL-C 0.54 1.72 (0.43–6.95) 0.447 1.54 4.67 (0.63–34.58) 0.132
TG 0.47 0.85 (0.46–1.59) 0.167 –0.55 0.58 (0.30–1.11) 0.100

†Good glycemic control is defined as glycated hemoglobin <7.0%. DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; PFS, Power of Food Scale (as a measure for hedonic hunger); SBP, systolic blood pressure; T2D, type 2 diabetes;
TG, triglyceride.
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hedonic hunger in a daily clinical setting for further manage-
ment. Cognitive behavioral strategies, such as mindful eating,
have been shown to help individuals cultivate awareness of eat-
ing stimuli and regulating the quantity of food intake through
physiological cues of hunger and satiety28. The provision of
more clinical attention and support from multidisciplinary
healthcare teams to implement effective strategies in addressing
hedonic hunger control is warranted to improve glycemic con-
trol in this population.
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