
 

  



 



  



 



  











 

  



































































































 

  



Lifestyle intervention discloses an association of the Eating Inventory-51 factors with 

cardiometabolic health risks 

 

Irena Aldhoon Hainerová
2
, Hana Zamrazilová

1
, Karolína Hlavatá

1
, Milena Gojová

3
, Marie 

Kunešová
1
, Martin Hill

1
, Jara Nedvídková

1
, France Bellisle

4
, Vojtěch Hainer

1
  

 

1
Institute of Endocrinology, Prague, Czech Republic; 

2
Department of Paediatrics and Centre 

for Research of Diabetes, Metabolism and Nutrition, Third Faculty of Medicine, Charles 

University, Prague, Czech Republic; 
3
Obesity Management Unit, Lázně Lipová, Czech 

Republic; 
4
Department of social and preventive medicine, Laval University, Québec City, 

Canada 

 

Running title: Eating Inventory and cardiometabolic risk factors   

   

 

 

 

Corresponding author:   

Irena Aldhoon Hainerová, M.D., Ph.D. 

Department of Paediatrics and Centre for Research of Diabetes,  

Metabolism and Nutrition 

Third Faculty of Medicine, Charles University,  

Šrobárova 50 

100 34 Prague 10 

Czech Republic 

E-mail: ihainer@hotmail.com 

Tel: +420 267 162 561 

Fax: +420 272 736 326 

 

 

mailto:ihainer@hotmail.com


Abstract  

Factors of the Eating Inventory-51 (EI) were revealed as significant predictors of diseases 

characterizing the metabolic syndrome. Associations of EI factors (restraint – EI-R, 

disinhibition – EI-D, hunger – EI-H) with cardiometabolic risk parameters (blood pressure, 

lipid profile, fasting blood glucose (FBG), C peptide (CP), insulin) and hormones (leptin, 

adiponectin, resistin, peptide YY, pancreatic polypeptide, neuropeptide Y (NPY), ghrelin) 

were analysed both before and after an in-patient weight reduction programme. 67 women 

(age: 48.7 ± 12.2 y; BMI: 32.4 ± 4.4 kg/m
2
), who exhibited stable weight on a 7 MJ/day diet 

during the 1st week, obtained a 4.5 MJ/day diet over the subsequent 3-week period. The 

weight reduction programme led to mean weight loss of 3.80 ± 1.64 kg. No significant 

relations of the EI factors with lipid, glucose and hormonal profiles were observed before the 

weight reduction. After weight loss, EI-R negatively correlated with total cholesterol (TC), 

FBG, CP, insulin and NPY. EI-H was positively related to insulin and NPY. EI-D correlated 

positively with TC, LDL cholesterol, triglyceride, NPY while negatively with adiponectin. 

We assume that an implementation of a standard dietary and lifestyle pattern for 3 weeks 

revealed significant associations between factors of the EI and metabolic risks in 

overweight/obese women. 
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Introduction 

The Eating Inventory (EI) assesses three dimensions of human eating attitudes: cognitive 

restraint (EI-R), disinhibition (EI-D) and hunger (EI-H).
1
 The EI-R score describes the 

tendency to control food intake. The EI-D score refers to dysregulation of eating in response 

to emotional or cognitive cues. The EI-H score examines the subjective feeling of general 

hunger. It has been shown that a weight management leads to favourable changes in psycho-

behavioural characteristics.
2,3,4,5,6,7,8

 The cognitive EI-R score increases during an energy 

restriction programme, while the EI-D and EI-H scores decrease.  

It is well recognized that human obesity, mainly central obesity with enlarged abdominal fat 

stores, is frequently accompanied by cardiometabolic health risks.
9
 Relationships between the 

EI scores and morbidity have only been investigated in a few studies. Factors of the EI were 

identified as significant predictors of diseases characterizing the metabolic syndrome.
10

 A 

study conducted in a quota sample of Czech adults showed an association of EI-R and EI-H 

scores with hypertension, diabetes, cardiovascular diseases and hyperlipidemia even after 

adjustment for body mass index (BMI) and age.
10

 Further, EI-D score was positively and EI-R 

score negatively associated with BMI and waist circumference. Finally, high EI-D score was 

significantly associated with higher prevalence of hyperlipidemia and hypertension in both 

genders. In a study of severely obese subjects, lower dietary EI-R and higher EI-D and EI-H 

scores were associated with a poor health-related quality of life, greater depression and 

psychosocial dysfunction.
11

 Straub et al. reported that type 2 diabetics with high EI-D score 

were prone to poorer glycaemic control.
12

 On the other hand, in nonobese postmenopausal 

women dietary EI-R score did not correlate with any of the studied physiological, metabolic 

and health characteristics.
13

 Hays et al. did not find any association of dietary EI-R with 

morbidity and only moderately increased risk for hypercholesterolemia with higher EI-D 

scores.
14

 It was also demonstrated that EI-D had been associated with higher BMI, poorer 

success at weight loss, poor psychological health and lower self-esteem,
15

 and a lower level of 

psychological well-being.
16

 It was suggested that restrained eating has consequences on 

metabolic functions.
17 

 

It is well known that the cardiometabolic health risks are greatly influenced by the current diet 

and physical activity. Eating attitudes especially dietary disinhibition have been shown to be 

significantly genetically determined.
18,19

 It is apparent that individually different diet and 

lifestyle patterns may mask associations between the eating attitudes and cardiometabolic 

health risks.  We therefore hypothesized that the standardization of dietary and physical 

activity pattern may disclose relationships between the eating attitudes and health risks, which 



were under baseline conditions hidden by the lifestyle influences. The aim of the study was to 

investigate potential association of the EI factors with cardiometabolic risk factors and 

selected hormones both before and after weight reduction. 

 

Methods 

Study subjects were recruited among women who participated in the 4-week lifestyle obesity 

management in the Lipová spa. All these patients had been referred to the spa treatment by 

obesity specialists. Sixty-seven women (age: 48.7 ± 12.2 y; BMI: 32.4 ± 4.4 kg/m
2
) who 

exhibited stable weight on a 7 MJ/day diet during the 1st week of in-patient weight 

management programme obtained a hypocaloric diet providing 4.5 MJ/day (protein 26.0 %, 

fat 28.0 %, carbohydrate 46 %) over the subsequent 3-week period. The detailed programme, 

which also included supervised physical activity and cognitive behaviour therapy, has 

previously been described.
8
 Subjects with endocrine disorders, type 2 diabetes or on current 

medication influencing body weight were excluded from the study. The following 

psychobehavioural and laboratory parameters were measured twice, once before and once 

after a 3-week weight management: psychobehavioural parameters - EI; biochemical 

parameters - fasting blood glucose (FBG), total cholesterol (TC), HDL-cholesterol, LDL-

cholesterol, triglyceride and C-reactive protein (CRP); hormonal parameters - insulin, C 

peptide (CP), ghrelin, leptin, peptide YY (PYY), neuropetide Y (NPY), pancreatic 

polypeptide (PP), adiponectin and resistin. Before blood withdrawal, blood pressure was 

measured and anthropometric measurements (body weight, height, waist and hip 

circumferences) were carried out according to the WHO recommendations.
20

 BMI and waist 

to hip ratio were calculated. Most patients were normotensive, only seven women presented 

hypertension, which was well controlled by antihypertensive drug treatment. Body 

composition was assessed by bioimpedance (BIA Tanita BC-418MA). The study was 

performed in accordance with the Declaration of Helsinki and was approved by the Ethics 

Committee of the Institute of Endocrinology in Prague. Before the study, each participant 

signed an informed consent form.  

Data are presented as means ± SD. We used Wilcoxon’s robust paired test to compare the data 

obtained before and after weight management. Spearman rank correlation coefficient was 

calculated to examine the association between psychobehavioural parameters and selected 

anthropometric, hormonal and biochemical parameters before and after weight management 

were calculated. Differences were considered significant at p < 0.05. Statgraphics Plus v. 5.1 



from Manugistics (Rockville, MD, USA) and NCSS 2002 from Number Cruncher Statistical 

Systems (Kaysville, UT, USA) were used for data analysis. 

 

Results and discussion 

The changes in anthropometric, psychobehavioural, biochemical and hormonal characteristics 

are presented in Table 1. Weight management resulted in significant decreases in all studied 

anthropometric and body composition parameters. In response to 3-week weight management, 

the mean body weight decrease was 3.80 ± 1.64 kg. Weight loss was accompanied by a 

significant increase in EI-R whereas EI-H and EI-D exhibited a significant decrease. This 

finding is in accordance with previously published studies.
2,3,4,5,6,7,8

 FBG, insulin, leptin and 

NPY levels significantly declined. No significant changes in the levels of the other 

determined hormones and lipid profile parameters were demonstrated. We assume that a lack 

of significant changes in lipid profile was due to the short duration of the weight reduction 

programme. Still there was a tendency toward improvement of these parameters. 

Correlations between psychobehavioural factors, biochemical and hormonal parameters 

before and after the weight reduction, which achieved statistical significance (including BMI 

and waist circumference), are shown in Table 2. Baseline values of the EI factors did not 

correlate with hormonal or biochemical parameters at baseline. However, after weight loss, 

several correlations between EI factors and metabolic risk factors were revealed. EI-R 

significantly inversely correlated with TC, FBG, insulin, CP and NPY. EI- H was positively 

related to insulin and NPY. EI-D correlated positively with TC, LDL cholesterol, triglyceride, 

NPY concentrations and negatively with adiponectin levels. A correlation of EI-D with lipid 

profile is in line with findings of Hays
14

 and Hainer
10

. Both before and after weight loss, EI-H 

negatively correlated with EI-R and positively with EI-D.  

In contrast to the studies of Hainer
10

 and Bryant
15

, we did not find any significant association 

between the EI factors, and BMI and other anthropometric parameters except for borderline 

correlation of waist circumference with EI-R and EI-D. We suppose that the lack of such a 

correlation is due to the sample size and small BMI range of our cohort. The study of Hainer 

et al. was performed on a large quota sample of the Czech population with a broad BMI range 

and thus the association between EI factors and BMI could be demonstrated.
10 

The strength of our study is the strictly controlled in-patient weight management programme. 

However, this challenging aim led to limited recruitment of overweight/obese patients. The 

limited number of participants did not allow us to perform analyses concerning a prediction of 

outcome from the baseline data. In conclusion, the standardization of dietary and physical 



activity pattern revealed associations between factors of the EI with several metabolic risk 

factors and hormones after a 3-week weight reduction programme. 
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Table 1 Anthropometric, psychobehavioural, biochemical and hormonal characteristics of 

participants (n = 69; mean ± SD) 

Variable Before After p-value 

Weight (kg) 84.60 ± 12.91 80.78 ± 12.57 0.000 

BMI (kg/m
2
) 32.39 ± 4.51 30.92 ± 4.36 0.000 

Waist circumference (cm) 98.83 ± 12.01 93.64 ± 11.52 0.000 

Hip circumference (cm) 115.49 ± 9.28 112.12 ± 9.05 0.000 

WHR 0.86 ± 0.07 0.83 ± 0.07 0.000 

Total fat (%) 41.65 ± 5.74 38.98 ± 6.17 0.000 

BP systolic (Hg mm) 124.03 ± 14.80 121.97 ± 14.57 0,340 

BP diastolic (Hg mm) 77.65 ± 10.0 77.5 ± 7.91 0,990 

EI - restraint score 10.03 ± 4.57 12.94 ± 4.60 0.000 

EI – disinhibition score 6.61 ± 3.00 4.86 ± 2.72 0.000 

EI - hunger score 4.08 ± 3.31 2.83 ± 2.75 0.001 

T-C (mmol/l) 5.92 ± 7.95 4.87 ± 0.84 0.170 

HDL-C (mmol/l) 1.42 ± 0.76 1.37 ± 0.34 0.906 

LDL-C (mmol/l) 3.60 ± 1.03 3.49 ± 1.05 0.174 

Triglycerides (nmol/l) 1.40 ± 0.90 1.25 ± 0.53 0.072 

C-peptide (nmol/) 0.92 ± 0.35 0.93 ± 0.31 0.578 

Blood glucose (mmol/l) 5.12 ± 1.58 4.83 ± 1.26 0.046 

Insulin (mIU/l) 8.37 ± 4.49 7.83 ± 4.85 0.048 

Adiponectin (mg/l) 11.36 ± 5.35 11.30 ± 4.88 0.484 

CRP (mg/l) 5.04 ± 4.29 4.45 ± 4.76 0.095 

Ghrelin (ng/l) 1158.96 ± 411.94 1168.56 ± 423.21 0.141 

Leptin (ug/l) 21.21 ± 9.05 15.36 ± 7.18 0.000 

PYY (ng/l) 196.28 ± 85.39 212.57 ± 98.02 0.126 

NPY (nmol/l) 101.84 ± 52.71 84.14 ± 41.40 0.000 

Resistin (ug/l) 2.58 ± 0.72 2.46 ± 0.78 0.308 

PP (ng/l) 47.14 ± 38.35 44.31 ± 39.95 0.501 

BP, blood pressure; BMI, body mass index; CRP, C-reactive protein; EI, Eating Inventory; 

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 

NPY, neuropeptide Y; PP, pancreatic polypeptide; PYY, peptide YY; T-C, total cholesterol; 

WHR, waist to hip ratio.  



Table 2 Spearman's correlation of the Eating Inventory factors with selected anthropometric, 

biochemical and hormonal parameters before and after weight loss in a cohort of 

overweight/obese women (n = 69)  

  Before  After 

Variable  

 Eating Inventory  Eating Inventory 

 
restraint 

score 

disinhibition 

score 

hunger 

score 
 

restraint 

score 

disinhibitio

n score 

hunger 

score 

         

BMI 

(kg/m2) 

r 

p 

-0.146 

0.241 

0.193 

0.120 

0.103 

0.411 
 

-0.108 

0.387 

0.164 

0.188 

0.158 

0.204 

         

Waist circumference 

(cm) 

r 

p 

-0.235 

0.057 

0.131 

0.296 

0.164 

0.189 
 

-0.212 

0.087 

0.207 

0.096 

0.167 

0.181 

         

EI - restraint score 
r 

p 

1.000 

--- 

-0.191 

0.125 

-0.260 

0.035 
 

1.000 

--- 

-0.095 

0.446 

-0.323 

0.008 

         

EI - disinhibition score 
r 

p 

-0.191 

0.125 

1.000 

--- 

0.558 

0.000 
 

-0.095 

0.446 

1.000 

--- 

0.455 

0.000 

         

EI - hunger score 
r 

p 

-0.260 

0.035 

0.558 

0.000 

1.000 

--- 
 

-0.323 

0.008 

0.455 

0.000 

1.000 

--- 

         

T-C 

(mmol/l) 

r 

p 

0.098 

0.435 

-0.023 

0.854 

-0.030 

0.813 
 

-0.256 

0.038 

0.284 

0.021 

0.128 

0.304 

         

LDL-C 

(mmol/l) 

r 

p 

0.128 

0.306 

-0.076 

0.546 

-0.084 

0.501 
 

-0.201 

0.106 

0.257 

0.037 

0.039 

0.755 

         

Triglycerides 

(nmol/l) 

r 

p 

0.098 

0.435 

-0.023 

0.854 

-0.030 

0.813 
 

-0.087 

0.487 

0.265 

0.032 

0.163 

0.191 

         

C-peptide 

(nmol/l) 

r 

p 

-0.073 

0.562 

-0.060 

0.633 

0.082 

0.511 
 

-0.268 

0.030 

0.155 

0.213 

0.205 

0.099 

         

Blood glucose 

(mmol/l) 

r 

p 

0.103 

0.412 

-0.108 

0.390 

-0.046 

0.715 
 

-0.327 

0.007 

0.164 

0.189 

0.126 

0.314 

         

Insulin 

(mU/l) 

r 

p 

0.040 

0.748 

-0.021 

0.868 

0.059 

0.637 
 

-0.336 

0.006 

0.163 

0.190 

0.256 

0.038 

         

Adiponectin 

(mg/l) 

r 

p 

0.080 

0.521 

-0.121 

0.332 

-0.020 

0.871 
 

0.057 

0.650 

-0.335 

0.006 

-0.060 

0.630 

         

NPY 

(nmol/l) 

r 

p 

0.010 

0.938 

-0.085 

0.498 

0.036 

0.776 
 

-0.241 

0.051 

0.274 

0.026 

0.289 

0.019 

 

BMI, Body Mass Index; EI, Eating Inventory; HDL-C, high-density lipoprotein cholesterol; 

LDL-C, low-density lipoprotein cholesterol; NPY, neuropeptide Y; T-C, total cholesterol. 

Significant correlations are in bold. 


