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Abstract

Aims Food addiction (FA) is conceptualized as a behavioral pattern that is similar in some ways to addictions to alcohol and
other substances. This disorder has not been well studied among patients with type 2 diabetes (T2DM). We aimed to analyze
if there is any relationship between FA and clinical or psychological variables among patients with T2DM.

Methods Three hundred patients with T2DM were analyzed cross-sectionally. Participants were evaluated for the presence
of FA by completing the Yale Food Addiction Scale 2.0 questionnaire.

Results 29.3% of patients screened positive for FA. Patients with FA had a greater BMI (33.41 +7.5 vs. 31.6+5.9 kg/m?;
p=0.04). HbAlc was higher among individuals with FA (7.9 +4.4 vs. 7.6 +1.4%, p=0.008). The proportion of subjects with
diabetic retinopathy, neuropathy and nephropathy was greater among patients with criteria for FA compared with patients
without this condition (25% vs. 13.2%, 29.5% vs. 21.8% and 32% vs. 22.3%; p=0.03, p=0.05 and p=0.05, respectively).
The percentage of patients with FA with significant depressive symptoms was also greater (36.4% vs. 18.5%; p=10.002).
Conclusions The presence of FA among T2DM patients implied a worse glycaemic control. Microvascular complications
and depressive symptoms were higher among these patients.
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Introduction

Type 2 diabetes (T2DM) has become a global epidemic,
with its associated high morbidity and mortality rates [1].
On the other hand, the prevalence of obesity has increased
worldwide during the past few decades, and it is closely
related to T2DM [1, 2]. Both, T2DM and obesity, have docu-
mented strong associations with psychiatric diseases, such

This article belongs to the topical collection Health Education and
Psycho-Social Aspects, managed by Massimo Porta and Marina
Trento.

>4 Joana Nicolau
jnicolauramis @ gmail.com

Endocrinology and Nutrition Department, Hospital Son
Llatzer, University Institute of Health Science Research
(IUNICS) and Health Research Institute of Balearic Islands
(IdISBA), Ctra Manacor km 4, 07198 Palma de Mallorca,
Baleares, Spain

Hormonal Laboratory, Hospital Son Llatzer, Ctra Manacor
km 4, 07198 Palma de Mallorca, Baleares, Spain

as depression and eating disorders [3—5]. The co-occurrence
of a psychiatric condition among subjects with diabetes and/
or obesity has been related to higher incidences of unhealthy
behaviours (tobacco abuse, lack of physical activity or
unhealthy diets), poor metabolic outcomes and higher risk
of complications [6-9].

In the 1950s, Randolph first defined the term food addic-
tion (FA) in the scientific literature, which referred to indi-
viduals could not control food consumption rationally and
had developed tolerance, withdrawal, cravings, and other
behavioural features that were similar to addictions to other
substances, such as alcohol or cocaine [10]. The behav-
iours are generally characterized by the high consumption
of highly palatable foods, such as sugary, salty, fatty and
processed foods. Since then, interest in the concepts of food
addiction is growing progressively, and there is increasing
evidence of similarities between substance dependence and
excessive food intake [10-13].

Currently, the most generally accepted tool for assess-
ing FA is the Yale Food Addiction Scale 2.0 (YFAS 2.0).
The YFAS 2.0 was introduced as a valid and a reliable
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self-reported measurement for the assessment of FA symp-
tomatology paralleling the DSM-V Substance Disorder cri-
teria [11-16].

Moreover, the prevalence of FA ranges from 5.4 to 10%
in general population to 15.2-19.6% in obese treatment-
seeking adults, to 42% in bariatric surgery candidates and
up to 57% in subjects with obesity and a concomitant binge
eating disorder [17-23]. However, data regarding prevalence
rates among subjects with T2DM are scarce and may vary
from 8.6 to 70.7% [23-25]. Besides, to our knowledge, stud-
ies assessing the impact of FA on different outcomes among
individuals with T2DM have been focused mainly on psy-
chological parameters, such as anxiety, depressive disorder
or quality of life. However, data regarding the effects of FA
among subjects with T2DM on metabolic control or diabetic
complications are lacking.

The aim of our study was to investigate the frequency
and the severity of FA among patients with T2DM. Also,
we wanted to analyse whether there were any differences
in clinical, biochemical and psychological outcomes among
patients with FA and diabetes compared with patients with
T2DM without this condition.

Subjects, materials and methods
Participants

A cross-sectional study was designed where three hundred
individuals with a diagnosis of T2DM were recruited ran-
domly, using serial selection from the Endocrine Depart-
ment of a tertiary centre in Palma de Mallorca (Balearic
Islands, Spain).

Patients were excluded from the study if they had type
1 diabetes or gestational diabetes, were individuals with a
diagnosis of T2DM in the preceding 12 months, were T2DM
patients in pregnancy or lactation, had alcohol or substance
dependence or were individuals who had an uncontrolled
medical condition other than diabetes. Also, all patients
included in the study had both a blood test in the prior three
months and a funduscopic exam in the last twelve months.
Written informed consent was obtained from all patients
prior to study participation. The study was approved by the
Ethics Committee of the hospital.

Assessment of food addiction symptomatology

The Yale Food Addiction Scale 2.0 (YFAS 2.0) is a revi-
sion of the original Yale Food Addiction Scale and measures
addictive eating behaviors that reflect the updated DSM-5
criteria for a substance use disorder. In this new version of
the YFAS, the threshold for meeting criteria for addictive
eating lowered, similar to the threshold for meeting DSM-5
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criteria for a substance use disorder, and four additional cri-
teria were added to the YFAS 2.0. The Spanish version of
the YFAS 2.0 was used to assess food addiction symptoma-
tology [15]. The validation of the original English version
shows an adequate internal reliability and good convergent
and incremental validity in predicting binge eating [16, 26].
It consists of a self-report 35-item scale designed to measure
FA symptoms over the past 12 months using a Likert scale.
Participants answered 35 questions based on a 0—6 scale,
indicating frequency of which they experienced symptoms
that correlated with food addiction. The frequency of expe-
rienced symptoms is stratified in the test according to the
following numbers on the Likert scale: 0, less than once a
month; (1) once a month; (2) 2-3 times a month; (3) once a
week; (4) 2-3 times a week; (5) 4-6 times a week; and (6)
every day. The YFAS 2.0 measure focuses on operationaliz-
ing addictive eating behaviors, which parallel the symptoms
of substance dependence criteria listed in the DSM-V. YFAS
2.0 has two scoring options: one is FA diagnosis (dichot-
omous food addiction classification), and the other is the
food addiction symptom score severity. The 11 food criteria
include: (1) substance taken in larger amount and for longer
period than intended: (2) persistent desire or repeated unsuc-
cessful attempt to quit: (3) much time/activity to obtain, use
and recover; (4) important social, occupational or recrea-
tion activities given up or reduced; (5) continued use despite
knowledge of adverse consequences; (6) tolerance (marked
increased in amount and significant decrease in effect);
(7) characteristic withdrawal symptoms: (8) continued use
despite social or interpersonal problems; (9) failure to fulfill
major role obligations; (10) use in physical hazardous situ-
ations; and (11) craving, or a strong desire to urge or use.
The FA diagnosis criteria are met when individuals endorse
more than two symptoms over the past year, as well as meet-
ing the threshold for at least one of the two symptoms of
“clinical significance”, defined as impairment as a result of
their behaviors. If individuals meet at least two symptoms
but do not meet criteria for clinical significance, they are not
diagnosed with FA. Moreover, there is also a specification
of the levels of severity: mild (presence of 2—3 symptoms),
moderate (presence of 4-5 symptoms) and severe (presence
of 6 or more symptoms). YFAS is a reliable and valid scale
for both bariatric surgery patients and non-clinical obese
samples [12].

Assessment for depressive symptoms

To identify depressive syndrome, all participating patients
rated the presence and severity of depressive symptoms by
using the Spanish version of the Beck Depression Inventory
(BDI), a 21-item questionnaire that assesses mood over the
previous month [26]. Total scores range from 0 to 63, with
higher scores indicating greater symptoms of depression.
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The Beck Depression Inventory has been widely used as
a screening tool for major depression in the general pop-
ulation. In this setting, a cutoff score equal to or greater
than thirteen is indicative of significant depression. How-
ever, among people with diabetes, a cutoff score equal to or
greater than sixteen for the entire 21-item measure exhibited
the best balance between sensitivity and positive predictive
value when prediction values were extrapolated to a diabetic
population with a depression prevalence rate of 20%. This
cutoff would be able to capture more than seventy percent
of the subjects diagnosed with major depression yet pro-
vide more than seventy percent of certainty that a person
screening positive actually has this condition. Thus, a score
in BDI > 16 was considered as positive for significant symp-
toms of depression among subjects with diabetes [26, 27].

Sociodemographic and clinical parameters

Demographic information was gathered during the eligibility
period and included age, gender and ethnicity. Other features
of diabetes such as diabetes duration, current treatment for
T2DM, presence of diabetic complications (coronary heart
disease, vasculopathy, cerebrovascular disease, neuropathy,
retinopathy, nephropathy and diabetic foot), frequency of
hypoglycaemias, admissions due to acute complications
related to diabetes or for any other reason during the pre-
vious year, and other cardiovascular risk factors (tobacco
use, alcohol abuse, hypertension and dyslipidemia) were
recorded by clinical interview. Furthermore, the revision of
clinical reports was also performed in order to have addi-
tional information.

Anthropometric parameters

Height and weight were measured while each participant
was wearing indoor clothing without shoes. Body mass
index (BMI) was calculated as weight divided by height
squared. The World Health Organisation (WHO) and the
National Institute for Health and Clinical Excellence (NICE)
define the following cut-points for BMI: < 18.5 kg/m? under-
weight, 18.5-24.9 kg/m? healthy weight, 25.0-29.9 kg/m?
overweight, and > 30 kg/m? obese [28]. Waist circumference
was measured at the midpoint between the lowest rib and
the iliac crest.

Metabolic profile

Blood samples were drawn following the visit for the deter-
mination of these variables: blood count, coagulation,
fasting glucose, glycated hemoglobin (HbA1c), total cho-
lesterol, HDL cholesterol, LDL-cholesterol, triglycerides,
plasma creatinine, hepatic profile and thyroid profile. All
measurements were taken after an overnight fast (at least

8 h fasting). Early morning urine samples were collected to
determine random albumin-to-creatinine ratio.

In terms of glycaemic control, patients were categorized
based on the latest consensus of the American Diabetes
Association and the European Association for the Study of
Diabetes [29].

Statistical analyses

Initial analyses were descriptive and included calculation of
mean and standard deviation (SD) for continuous variables
and as frequencies for categorical variables. The distribution
of the sample was analyzed by the Kolmogorov—Smirnov
test and normality plots. Comparison between the two
groups was analyzed by an unpaired Student’s test for vari-
ables with a normal distribution and the Wilcoxon test for
the variables without a normal distribution. A p value <0.05
on the two-tailed test was considered to indicate statistical
significance.Data were analyzed using SPSS version 16 sta-
tistical software (SPSS Inc., Chicago, IL, USA).

Results

According to the YFAS 2.0, 88 patients with T2DM met
criteria for FA, in other words, 29.3% of the sample scored
positive for FA. When taking into account the severity of FA
among these patients, 43.3% (38/88) had mild FA, 20.5%
(18/88) scored for moderate FA, and the remaining 36.5%
(32/88) had criteria for severe FA.

Patients with criteria for FA had a higher BMI compared
with the group without FA (33.41+7.5 vs. 31.6+5.9 kg/m?;
p=0.04). Moreover, when we divided individuals with FA
depending on the severity of symptoms, BMI increased as
the degree of FA did (33.2 + 6.6 kg/m? for mild food addic-
tion and 39.4+9.1 kg/m2 for severe FA; p=0.04). However,
we could not find any differences between the two groups
regarding waist circumference; this anthropometrical param-
eter was greater among patients with severe food addiction
compared with subjects without any abnormal eating pattern
(108.4+11.7 vs. 114.1 +£8.8 cm: p=0.018). No significant
differences were seen in any other of the clinical variables
assessed.

When assessing glycaemic parameters, patients with FA
had greater fasting plasma glucose levels compared with
patients without FA (164.6 +72.8 vs. 140.5 +38.2 mg/dL;
p=0.034). Also, HbA1c was higher among individuals with
FA compared with T2DM patients without FA (7.9 +4.4
vs. 7.6 +1.4%; p=0.008). Furthermore, the worse the FA
severity, the higher the HbAlc was (7.5 + 1.3% for mild FA
vs. 7.9+ 1.3% for severe FA; p=0.01). Also, albumin-to-
creatinine ratio was higher among people with any degree
of FA compared with patients with diabetes and without FA
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(217.5+£158.6 vs. 138.1+189.8 mg/dL; p=0.01). However,
lipid profile, renal and hepatic functions were comparable
between the two groups. These data are summarized in
Table 1.

When we assessed for acute complications related to
T2DM, the proportion of patients who had one or more
clinically significant hypoglycaemias during the last year
was lower among individuals with FA than people without
FA (8% vs. 19%; p=0.022). However, no differences were
seen between the two groups either with admissions related
to diabetes or admissions for any other disease during the
last year.

When taking into account microvascular complica-
tions related to T2DM, the proportion of patients with
diabetic retinopathy, neuropathy and nephropathy was
greater among patients with criteria for FA compared
with patients without this condition (25% vs. 13.2%,
29.5% vs. 21.8% and 32% vs. 22.3%; p=0.03, p=0.05
and p =0.05, respectively). Furthermore, the frequency
of patients with any degree of diabetic retinopathy was
greater among individuals with moderate to severe FA
compared with patients without FA (33.3% and 34.4% vs.
13.2%; p=0.03). Besides, the proportion of patients with
diabetic neuropathy was also greater among patients with
moderate and severe FA compared with individuals with-
out FA (44.4% and 40.6% vs. 21.8%; p=0.05). Also, the

percentage of people with T2DM with nephropathy was
higher among patients with moderate and severe FA in
comparison with people without this condition (25% and
38.9% vs. 22.3%; p=0.05). No differences were seen when
comparing individuals without FA and people with mild
FA. However, we could not find any differences between
subjects with criteria for FA and patients with diabetes and
without FA regarding other cardiovascular risk factors or
macrovascular complications. These data are summarized
in Table 2.

On the other hand, the proportion of people with T2DM
with lower adherence to healthy dietary habits was higher
among those who had FA compared with individuals with-
out food addiction (21.6% vs. 56.4%; p <0.0001). However,
no differences regarding the adherence to a completion of
more than 150 min of exercise per week or the proportion
of subjects on an insulin regimen were seen between the
two groups.

When taking into account psychological variables, the
frequency of patients with a depressive disorder was sig-
nificantly greater among subjects with FA compared with
individuals without FA (36.4% vs. 18.5%; p=0.002). Con-
versely, the proportion of patients taking antidepressants was
greater among those with FA compared with individuals
without FA (29.5% vs. 17.5%; p=0.03). These data are sum-
marized in Table 3.

Table 1 Comparison of sociodemographic features, T2DM duration, anthropometric variables and biochemical parameters among subjects with

criteria for FA and individuals without it

All subjects (n=300) Positive FA (n=88) No FA (n=212) P

Gender (male/female) (%) 60/40 53/35 125/85 0.8
Age (years) 63.8+11.8 63.3+11.2 63.3+12.1 0.3
T2DM duration (years) 12+94 11.3+8.6 13.5+10.8 0.1
BMI (kg/m?) 32.1+6.5 334+75 31.6+5.9 0.04°*
Waist circumference (cm) 107.3+12.5 108+ 11.5 105+ 14 0.6
HbAlc (%) 7.8+4.9 79+4.4 7.6+1.4 0.008*
Fasting plasma glucose (mg/dL) 147.6+52.2 164.6+72.8 140.5+38.8 0.03%*
Triglycerides (mg/dL) 157.1+113.4 163.2+138.1 154.6+101.6 0.7
Total cholesterol (mg/dl) 163.7+£40.8 170.3+46.5 161+38 0.2
LDLc (mg/dL) 93+40.4 96.3+46.8 90.1+37.1 0.2
HDLc (mg/dL) 43.1+14 41.7+12 43.7+14.6 0.5
AST (U/L) 22.3+13.1 23.4+14.1 21.8+12.7 0.1
ALT (U/L) 25.6+20 269+15.7 25.1+21.5 0.06
GGT (U/L) 46.5+57 50.6+54.5 44.7+58.1 0.08
TSH (pUI/mL) 25+1.6 25+1.5 24+1.6 0.4
Plasma Creatinine (mg/dL) 1.1+£0.6 1.1+0.5 1.04+0.6 0.08
Albumin-to-creatinine ratio (mg/dL) 179.4+108.6 217.5+158.6 138.1+189.8 0.01%*
GFR (mL/min/m?) 75.8+22.1 74.4+22.1 76.3+22.1 0.5

Data are mean=+ SD or %

BMI Body mass index, FA food addiction, GFR glomerular filtration rate

“p<0.05
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Table 2 Comparison of . All subjects Positive FA No FA (n=212) P
frequency of cardiovascular risk (n=300) (n=288)
factors, complications related
;O TZDl\l/ll and afimissions Tobacco use 13.8 19.3 11.5 0.09
uring the previous year among
subjects with criteria for FA and Alco.h(?l ) 98 114 o1 0.5
individuals without it Dyslipidemia 81.9 83 81.5 0.9
Hypertension 84.3 87.5 82.9 0.4
Retinopathy 19.1 25 13.2 0.03%*
Nephropathy 23.7 32 223 0.05%
Neuropathy 24.1 29.5 21.8 0.05%
Coronary disease 14.7 10.2 16.6 0.2
Cerebrovascular disease 3 5.7 1.9 0.1
Peripheral Vasculopathy 8.4 5.7 9.5 0.4
Annual hypoglycaemia 15.7 8 19 0.022%*
Admissions related to T2DM# 5.7 34 6.6 0.4
Admissions for any other disease# 33.1 31.8 33.6 0.8
Data expressed in %. # in the last year
FA Food addiction, 72DM type 2 diabetes
*p<0.05
Table 3 Comparison of All subjects Positive FA No FA (n=212) P
frequency of insulin use, proper (n=300) (n=38)
dietary habits, regular exercise,
depressive syndrome and use Insulin use 47.8 46.6 483 0.8
of antidepressants among . "
subjects with criteria for FA and Adherence to diet 46.2 21.6 56.4 0.0001
individuals without it Regular exercise 43.5 50 40.8 0.2
Depression 36.8 36.4 18.5 0.002*
Antidepressant therapy 21.1 29.5 17.5 0.03%*
Data expressed in %
FA Food addiction
“p<0.05
Discussion

m All subjects
mNo FA

Positive FA

-0
N
&
g

&

Fig.1 BMI, HbAlc, diabetic retinopathy (DR), diabetic nephropathy
(DN),periferal neuropathy (PNP), hypoglycaemias, adherence to diet
and presence ofdepression regarding the presence of FA

Figure 1 is a representation of all significant differences
between subjects with and without FA.

The frequency of FA among our patients was within the
range of prevalence previously reported among subjects
with T2DM, which may vary from 8.6 to 70.2% [23, 24,
30]. These prevalence rates compare to 5—11.4% reported
for general population and 19.9% weighted mean preva-
lence [25]. These prevalence rates of FA among subjects
with T2DM are more comparable to those reported for
patients with obesity than other subgroups [20, 21]. How-
ever, worldwide estimates of FA prevalence among subjects
with T2DM appear to vary among ethnic subgroups, region
and participants [23, 24].

Subjects with T2DM and FA had a greater BMI and waist
circumference compared with subjects without FA. This
fact could reflect the difficulty of these patients to adhere to
healthy dietary habits as is reflected in our study. Patients
with diabetes need to restraint foods high in sugar in order
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to achieve a proper glycaemic control, but, actually, this type
of foods has some biochemical properties with the potential
to cause this addictive process [9, 10, 12, 31]. Therefore,
these addiction-related problematic behaviours are, in some
cases, sufficient to cause clinically significant consequences,
such as an increase in weight [29]. Actually, FA is one risk
factor for obesity and it might affect outcomes of weight
loss programs [32]. On the other hand, and as suggested in
previous studies, BMI may be a consequence of disinhibited
eating behaviour rather than a factor related to FA [15, 33].
Moreover, FA has previously been associated with increased
BMI in people with T2DM [34-36].

Glycaemic control was worse among subjects with FA,
possibly explained in part by a lack of adherence to healthy
dietary habits. We also found that microvascular compli-
cations were more frequent among patients with FA, with
no increase in the frequency of macrovascular disease. It
is well established that a poor glycaemic control exerts a
greater negative effect on microvascular disease compared
with macrovascular complications, where other cardiovas-
cular risk factors, such as dyslipidaemia and hypertension,
are more relevant [37]. Furthermore, the frequency of hypo-
glycaemias was lower, probably influenced by the amount of
carbohydrates consumed per day. To date, no studies assess-
ing these variables have been conducted.

When taking into account psychological variables, both
depressive disorder and the use of antidepressant therapy
were more prevalent among subjects with FA. The bidirec-
tional relationship is well established between T2DM and
depressive disorder. In fact, individuals with T2DM are
twice as likely to suffer from depression compared with peo-
ple without this condition [7, 34, 38-40]. Moreover, FA is
more frequent among subjects with some psychologic disor-
der, such as depressive disorder, anxiety, attention deficit and
hyperactivity disorder or posttraumatic stress. It has been
hypothesized that the uncontrolled intake of sugar could lead
to either neurobiological alterations in the reward syndrome,
motivation or impulse control, the same way as drug abuse
does [12, 24, 41]. The presence of FA among subjects with
T2DM could worsen depressive symptomatology due to the
frustration and sense of guilty secondary to the difficulty to
achieve a proper glycaemic control due to a lack of adher-
ence to a healthy diet. Besides, not only a poor glycaemic
control but the presence of depressive symptoms among
these patients could lead to an increase in the frequency
of complications related to diabetes. Also, these patients
with food addiction had a higher BMI, and it is known that
obesity is one of the strongest predictors of depression in
patients with T2DM, with risk of depression being 20-50%
higher among subjects with obesity than normal weight indi-
viduals [23, 42].

The present study evidenced new and interesting find-
ings, but some limitations should be taken into account.
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As a cross-sectional study, we cannot make any definitive
conclusions regarding a causal relationship between either
metabolic control, complications related to diabetes or
depression. We used self-report assessments that may have
questionable reliability and validity, and be limited in deter-
mining a clinical diagnosis. However, despite acknowledg-
ing these limitations, previous research has produced valid
results using a similar methodology. Also, we did not assess
the presence or absence of factors indicating eating disorders
or binge eating disorder. It has been reported that higher
FA scores are associated with bingeing eating-disorders
subtypes and with increased severity of other abnormal
eating patterns and psychopathology [15]. Also, we could
not observe a gradual increase in many of the parameters
included in the study because the number of subjects with
criteria for moderate food addiction was small and, there-
fore, could interfere with the results. Finally, we could not
generalize our results to other populations, because all our
patients were Caucasian.

We consider these findings stimulate and justify the rou-
tine screening of FA among patients with T2DM, imple-
menting standardized self-report tools, such as YFAS 2.0.
Furthermore, it could be more productive to focus treatments
on FA, rather than attempting to treat the potential conse-
quences of FA among subjects with T2DM [11, 13, 34].

Our results emphasize for the first time that food addic-
tion is very prevalent among patients with T2DM, and it may
exert negative effects on metabolic control and clinical out-
comes. Therefore, it is extremely important to identify this
psychological condition in order to treat it promptly. Future
research should also continue to explore both the relation-
ship between all these variables and FA and potential targets
for treatment.
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