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Purpose: Diet and eating habits are of key importance in patients with type 2 diabetes mellitus
(T2DM). The purpose of this comparative study was to analyze fat- and fiber-related behavior
(FFB) in patients with T2DM from distinct cultural areas.

Patients and methods: Observational study was carried out in the Czech Republic (CR)
(n=200), the US (n=207), and Yemen (n=200). Patients completed the Fat- and Fiber-related
Diet Behavior Questionnaire (FFBQ).

Results: Differences in all aspects of FFB among countries were found (P<<0.05). The best
fat-related behavior reported was from patients from the CR. Patients from the US showed the
worst fat-related behavior in total. On the other hand, patients from the US reported the best
fiber-related behavior. Patients from Yemen reached the worst scores in all fat-related domains.
Patients from all studied countries reported the best results in the “modify meat” and “avoid fat
as flavoring” and the worst in the “substitute high fiber” subscales.

Conclusion: Professionals involved in the diet education of T2DM patients should be aware of
the specificity of diet in their country when advising patients keeping general recommendations.
We suggest them to be as specific as possible and concentrate on fiber-related behavior.
Keywords: type 2 diabetes mellitus, fat-related behavior, fiber-related behavior, Fat- and Fiber-
related Diet Behavior Questionnaire, geographical difference

Introduction
Diabetes mellitus is one of the most common chronic diseases in both the devel-
oped and developing countries.! Worldwide prevalence in 2000 was estimated to be
171 million, and this is projected to increase to at least 366 million by the year 2030.?

Changing lifestyles characterized by reduced physical activity, sedentary behavior,
and unhealthy dietary habits are linked with type 2 diabetes mellitus (T2DM).? Optimal
treatment of this metabolic disease requires comprehensive management, of which
diet is a critical part. The key aspects of a diabetic diet include reduction of saturated
fat intake and an incremental increase of dietary fiber intake.*® It has been recently
confirmed that dietary fiber improves postprandial glycemia in diabetes due to slowing
of gastric emptying.’

It has been shown that adults with T2DM make different food choices than
nondiabetic adults, which can result in higher saturated fat and lower fiber intake.®

The guidelines concerning diet recommendations for T2DM patients are patterned
on the American Diabetes Association (ADA) advice all over the world. According to
a Spanish study,’ over one-half of adult diabetic patients do not follow these recom-
mendations. As one of the reasons, we suppose that such universal recommendations
can be insufficient. However, it is known that for the best possible adherence of a
patient to the recommended diet, it is necessary to provide personalized education with
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emphasis on the current eating habits taking into account his
or her preferences and the culture* this could be inadequately
kept in practice. Culture and cultural habits are key factors
of food intake,° so it is useful to examine the differences in
diet among various countries.

Up to now, the work published on dietary habits, dealing
with fat-related behavior in particular,' "> has been mainly
from the US. A broader spectrum of information on the
dietary habits in a few European countries was provided by
a study by Boylan et al.'® However, to our knowledge, this
has been inadequately studied in patients with T2DM.

Data from the Czech Republic (CR)!” concerning this
group of patients have shown healthier fat-related behavior
than fiber-related one. Patients modify the meals rather than
remove them completely from their diet or replace them by
other types of food. In our further research, we aimed at
analyzing and comparing the eating habits regarding fat- and
fiber-related behavior (FFB) in patients with T2DM from
distinct regions.

We hypothesize that this research may point out relevant
differences in particular areas of FFB among diverse popula-
tions. This information may make the work of health care
providers involved in dietary education of T2DM patients
from various parts of the world more effective. This could
increase the adherence of patients with dietary recommenda-
tions, which is of utmost importance in the comprehensive
management of T2DM.

Methods
Study design

This cross-sectional questionnaire study was carried
out in three countries: the CR (the University Hospital
in Hradec Kralové and two diabetes outpatient clinics
within the region) from March to June 2011; the US (the
Pharmacy-Based Diabetes Program in Tucson, Arizona)
from September to November 2011, and in Yemen (the
Nasser Hospital in Ibb) from February to March 2013. The
study protocol was reviewed and approved by the regional
Ethics Committee.

Study population

Participants were recruited directly at the study places on
randomly selected days. Consecutive patients who agreed to
complete the questionnaire and met the enrollment criteria
were surveyed. The enrollment criteria were as follows:
patients had a diagnosis of T2DM for at least 3 months
or more from the date of contact, and the patient’s ability

to understand the questionnaire. All participants provided
informed consent.

Instruments and measures

The study subjects completed the Fat- and Fiber-related Diet
Behavior Questionnaire (FFBQ),'® which has been described
in detail elsewhere.'” There are four response alternatives
to each question (always, often, sometimes, never). Higher
scores indicate unsound diet behavior, ie, higher fat and
lower fiber intake. Summary scale for fat intake, summary
scale for fiber intake, and eight subscales (five for fat and
three for fiber intake) were calculated as proposed by the
originators of the instrument. The tool had been translated
into Czech for the CR and Arabic for Yemen. In the US, a
modified English version and Spanish version were used.
Each language version of the questionnaire was adapted to
typical local dietary particularities by means of appropri-
ate wording when necessary (eg, adjusted terms for types
of available bakery products) in a particular country. The
questionnaire, containing also information on age, gender,
and age at T2DM diagnosis, was either self-administered or
investigator-assisted.

Forward—backward translation by two independent trans-
lators and review by a native speaker were carried out for each
language version. Based on piloting among ten patients with
T2DM in each country, no modifications were then required.
Cronbach’s a values of particular language versions of the
questionnaire are stated in Table 1.

Type of diabetes treatment, drugs used to control diabetes,
measurements for glycosylated hemoglobin (A1C), waist
circumference, and body height and weight were obtained
from medical records. Body mass index was calculated based
on the most recent height and weight measurements. When
a particular value was missing, it was measured in situ by
the competent person. A1C was measured according to the

Table I Cronbach’s o values of particular language versions of
the questionnaire

Language Part of the Cronbach’s

version questionnaire o value

Czech Dietary fat intake (24 items) 0.772
Dietary fiber intake (I3 items) 0.484

English Dietary fat intake (24 items) 0.749
Dietary fiber intake (I3 items) 0.466

Spanish Dietary fat intake (24 items) 0.635
Dietary fiber intake (I3 items) 0.509

Arabic Dietary fat intake (24 items) 0.662
Dietary fiber intake (I3 items) 0.461
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Table 2 Basic characteristics of the study cohort

Characteristic Full cohort (n=607;  Czech Republic UsS (n=207; Yemen (n=200; P-value (Kruskal-
49.1% men) (n=200; 54.5% men)  38.2% men)> 55% men) Wallis test)

Age (years) 57.6£13.2 66.2%10.1 56.8+12.6 50.0+11.3 <0.001

Age at diabetes diagnosis (years) 48.2+12.6 54.4+10.9 45.3+12.7 45.1+11.7 <0.001

BMI (kg/m?) 30.616.4 31.1£5.0 33.317.8 27.444.1 <0.001

Waist circumference (cm) 105.0+16.5 104.6x11.2 110.6+18.2 99.6£16.9 <0.001

DCCT AIC (%) 7.7£1.9 7.6x1.7 8.0+1.9 7.6+£2.0 0.006

Notes: Data are mean * SD. *Multi-ethnic population was involved: 18.4% of Caucasian, 24.6% of Native Americans, 52.2% of Hispanics, and 4.8% of Asians.
Abbreviations: SD, standard deviation; BMI, body mass index; DCCT, Diabetes Control and Complications Trial; Al C, glycated hemoglobin.

standard procedure and paid for by the investigator, as it is
not commonly monitored in diabetic patients in Yemen.

Data analysis

The outcome of the FFB questionnaire is summarized using
means and standard deviations by item and by the eight sub-
scales and the two overall summary scores (for FFB). Items
are further characterized with percentages. To test whether
the country of residence has an influence on the answers
to individual items, the P-values of Pearson’s y* test for
homogeneity and Fisher’s exact test or of the y* test after
rebinning were computed. When testing whether the coun-
try of residence has an influence on the subscales and main
scales, y* and one-way Kruskal-Wallis tests were performed.
The PASW statistical software was used for all analyses
(IBM Corporation, Armonk, NY, USA, v 18.0), except for
Fisher’s exact tests, which were performed with the online
calculator on the webpage http://www.physics.csbsju.edu/
stats/exact NROW NCOLUMN form.html.

Results

Study population

Data from 200 patients in the CR, 207 patients from the US,
and 200 patients from Yemen were analyzed. The basic charac-
teristics of the study cohort are given in Table 2. Table 3 shows
the characteristics of diabetes treatment in the study cohort.

Table 3 Characteristics of diabetes treatment in the study cohort

Fat-related behavior

Findings regarding FFB in the studied countries are shown in
Table 4. There were significant differences in fat-related diet
habits summary scale scores and in all fat-related behavior
subscales scores among countries. The only one exception
was the “replace fruits and vegetables” subscale scores for the
CR and the US. Overall, the best fat-related behavior reported
was from diabetic patients from the CR. Patients from the US
showed the worst fat-related behavior in total. Patients from all
studied countries reported the best results in the “modify meat”
and “avoid fat as flavoring” subscales coincidentally.

Fiber-related behavior

Diabetic patients from Yemen scored significantly worse than
those from the CR and the US in fiber-related diet habits sum-
mary scale. Patients from the US reported the best fiber-related
diet behavior in all fiber-related subscales, while diabetic
patients from Yemen reached the worst scores in all cases.
Patients from the CR and the US showed no differences in sub-
stituting of high-fiber foods for low-fiber variants. They both
scored the worst in this area. Patients from Yemen reported the
worst results in the “cereals and grains” subscale score.

Timing of meals
Diabetic patients in the US stated eating breakfast and
lunch less often in comparison with the two other countries

Type of diabetes treatment* Full cohort (n=607; Czech Republic US (n=207, Yemen (n=200; P-value
49.1% men) (n=200; 54.5% men) 38.2% men) 55% men) (Kruskal-Wallis test)
Diet alone 8.4 5.1 9.7 10.5 <0.001
Oral antidiabetic drugs 62.0 63.6 48.8 74.0 <0.001
Insulin therapy 15.0 16.2 14.0 15.0 <0.001
Oral antidiabetic drugs + insulin therapy 14.5 152 27.5 0.5 <0.001
Mean number of antidiabetic drugs® 1.54 1.7 1.83 I.14 <0.001

Notes: Data are percentage. *Statistically significant difference between countries (P<<0.000! according to the Kruskal-Wallis test). *For combination drugs, each active

ingredient is taken into account separately, as is each type of insulin used.
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Table 4 Items and scales of the Fat- and Fiber-related Diet Behavior Questionnaire

How often did you... Mean + SD Percentage of subjects P-value
reporting scores | and 2

Item/scale Czech Republic US Yemen Czech Republic US Yemen Pearson)? Other tests

Eat broiled, baked, or poached fish? 2.41£1.00 2.3+1.02  2.45tl1.18 50.6 55.2 47.0 0.078

Eat broiled or baked chicken? 1.97+£0.77 1.99+0.86 1.140.40 74.1 69.3 975 <0.0001"

Take the skin off chicken? 2.81£1.30 1.83£1.15 1.88+1.28 37.5 713 698 <0.0001

Eat pasta or noodles without meat? 2.57+0.80 2.8+1.00 2.79+1.25 46.6 335 330 <0.0001

Eat whole-wheat pasta or noodles? 3.51+0.73 3.41+0.93 4.00+0.00 10.9 149 0.0 <0.0001

Trim visible fat from red meat? 2.00+1.18 2.04%1.13 1.86tl.16 64.8 62.9 746 0.035

Eat extra lean ground meat? 2.59+1.14 2.12+1.08 3.94+0.41 494 598 1.9 <0.0001

Eat bread, rolls, or crackers without 2.58+0.96 2.37+1.08 2.82+1.24 43.1 514 374 <0.0001

butter or margarine?

Eat whole grain types of bread, 2.47%1.01 2.11£1.14 3.98£0.22 47.5 6l.1 05 <0.0001

rolls, or crackers?

Eat high-fiber cereal or add dried fruit? 2.87+1.04 2.3610.96 4.00+0.00 34.2 55.0 0.0 0.016 0.014¢

Add bran or some type of fiber to 3.22+1.02 3.27+0.94 4.00£0.00 25.0 192 0.0 0.91 0.84°

cereal?

Use low-fat or nonfat milk? 2.55+1.26 2.63+1.34 3.55+0.98 48.9 440 136 <0.0001

Eat specially made low-fat cheese? 2.43+1.04 3.24+1.10 4.0+0.00 50.3 219 0.0 <0.0001

Eat low-fat or nonfat frozen dessert? 3.10+0.96 2.94+1.00 3.68+0.70 23.1 286 79 0.001

Add butter, margarine, or other 2.30+1.08 227+1.16 2.69+1.26 34.8 40.0 57.5 <0.0001

fat to cooked vegetables?*

Eat fried vegetables?* 1.5310.66 1.38+0.76 1.02£0.22 5.7 81 05 <0.0001"

Eat fried potatoes?® 1.56+0.58 2211£0.94 1.63+1.03 3.6 339 176 <0.0001

Add butter, margarine, or sour 2.47+1.08 2.93+1.04 1.00+0.00 51.5 27.7 100.0 <0.0001

cream to potatoes?

Eat brown rice? 3.5440.68 3.32£0.97 410 74 173 0.0 <0.0001

Eat salads without dressing? 2.40£1.19 2.95+1.12 2.46+1.46 51.9 29.5 508 <0.0001

Eat salads with low-fat or nonfat 2.57+1.20 2.69+1.25 4.00+0.00 48.4 393 0.0 <0.0001

dressing?

Eat no meat, fish, eggs, or cheese at 2.99+0.85 3.23£0.80 2.95tl1.16 24.7 155 33.0 <0.0001

dinner?

Eat two or more vegetables at dinner?  2.77+0.77 2.60+£0.92 1.70£1.04 39.1 420 79.0 <0.0001

Eat one or more vegetables at lunch?  2.49+0.77 2.54+0.96 2.99+0.84 45.8 459 19.7 <0.0001

Eat fresh fruit at breakfast? 3.57+0.65 2754099 3.9+040 7.9 363 2.6 <0.0001

Eat cereal or oats at breakfast? 3.7940.52 2.51+1.06 3.97+0.30 4.2 480 1.0 <0.0001

Add cream or whipped cream 1.45+0.82 1.63+0.82 1.32+0.80 9.9 129 85 3.00E—4

to dessert?®

Eat only fruit for dessert? 2.70+0.89 2.61+£0.93 3.45+0.90 385 402 133 <0.0001

Eat raw vegetables as a snack? 2.85+0.85 2.93+0.83 3.58+0.67 36.4 259 99 <0.0001

Eat fresh fruit as a snack? 2.49+0.81 244109 3.46+0.67 48.7 47.1 9.9 <0.0001

Use olive oil when fry? 2.58+1.13 2.78+1.17 3.58+0.82 487 336 125 <0.0001

Trim visible fat from red meat 2.02+1.19 2.06+1.17 1.83%1.13 653 62.1 760 0.083

before cooking?

Eat low-fat or nonfat mayonnaise? 2.90+1.09 3.09+1.08 3.63+0.74 32.7 250 125 0315 0.355¢

Use less fat when bake cookies 2.75%1.16 3.18+09 3.61+0.86 354 203 132 <0.0001

or cakes?

Subscales*

Modify meat 2.3040.69 2.05+0.67 1.82+0.67 <0.0001" <0.0001*

Avoid fat as flavoring 2.094+0.49 2.24+0.56 1.91+0.54 <0.0001" <0.0001*

Replace, meat 2.7940.58 3.07£0.74 2.97£1.01 <0.0001" <0.0001*

Substitute low fat 2.61£0.73 2.89+0.76 3.85+0.34 <0.0001" <0.0001*

Replace, fruits and vegetables 2.7110.67 2.6610.72 3.47+0.71 <0.0001" <0.0001%

Fruits and vegetables 2.8610.49 2.64+0.60 2.98+0.47 <0.0001" <0.0001*

Substitute high fiber 3.344+0.48 3.32+0.63 3.56+0.56 0.004" <0.0001
(Continued)
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Table 4 (Continued)

How often did you... Mean + SD Percentage of subjects P-value

reporting scores | and 2
Item/scale Czech Republic US Yemen Czech Republic US Yemen Pearson)? Other tests
Cereals and grains 3.16+0.61 2.59+0.74 3.98+0.18 <0.0001" <0.0001%
Main scales*
Fat-related diet habits summary scale  2.39+0.42 2.4610.41 2.44+0.35 0.014" 0.115%
Fiber-related diet habits summary 3.06+0.39 2.79+0.44 3.39+0.29 <0.0001" <0.0001%

scale

Notes: *Reverse scoring (always — never =4—1). "P-value after rebinning, the answers “always” and “usually” are associated with the same outcome. °P-value of Fisher’s exact
test. “P-value of Kruskal-Wallis test. *The percentage of subjects reporting scores | and 2 was not counted for the subscales and main scales.

Abbreviation: SD, standard deviation.

(P<<0.0001), and those in the CR indicated eating snacks more
often than those in the two other countries (£<<0.0001).

Discussion

The present study was designed to compare the eating
habits regarding FFB in patients with T2DM from distinct
geographical and cultural areas and to point out relevant
differences in this field. We chose one country each from
Europe, America, and the Near East, which we think are
geographically and culturally diverse enough to detect any
relevant differences in the eating habits.

The results concerning the basic characteristics of the
study cohorts from different countries are in accordance
with data published,""” which show higher prevalence of
diabetes in lower age groups (45—64 years) in developing
countries and among people belonging to a racial or ethnic
minority groups.

The FFBQ is a psychometrically valuable instru-

16 which has been used in several

ment, valid and reliable,
studies.?*?! In all language versions, lower values of the
Cronbach’s o concerning the fiber-related part are referred
to the wider scope of items in this part.

Although various language versions of the questionnaire
were used, they were the same in their meaning. Piloting
of each version should further increase the quality of the
instrument.

Despite the fact that all T2DM patients should be
receiving advice on increasing fiber intake and decreasing
fat intake,*¢ the results show that they vary in the extent to
which they stick to this diet behavior. Based on our results,
it is obvious that diabetic patients comply better with the fat-
related component of the recommended diet than fiber-related
one. This is in accordance with the results of Beresford et al'!
who evaluated the effectiveness of self-help materials for
dietary intervention in a primary care. Mostly, diabetic
patients from Yemen seem to have problems with sufficient

intake of fiber. The most difficult part of fiber-related behav-
ior in the CR and the US is, coincidentally, substitution of
low-fiber foods for high-fiber ones, while in Yemen it seems
to be the consumption of cereals and grains. Cereals are a
conventional part of the diet in the US, which the presented
results confirmed, whereas the lack of specifically modified
foods rich in fiber may be the main reason for low consump-
tion of fiber in Yemen.

When we focus on fat-related behavior, we may suggest
that diabetic patients modify the dishes rather than omit them
from their diet completely, which agrees with the findings of
Quandt et al.??> The most frequently adopted diet behavior for
decreasing intake of fat is modification of meat (eg, removing
all visible fat from meat) and avoiding fat as flavoring (eg,
not using fat when preparing vegetables or potatoes) identi-
cally across the studied countries. Spoon et al? in their study
pointed out an association between “avoid fat as flavoring”
and “modify meats”, which supports our results. Further,
significant variations or different scores of the “avoid fat as
flavoring” subscale have been found in studies on dietary
interventions, ie, among various ethnicities.'>!>18

Patients from Yemen performed the substitution of high-
fat foods with their low-fat variants less often than patients
from the CR and the US, where this behavior is quite com-
mon. We suggest that it is caused by the lack of specifically
modified foods low in fat in Yemen.

Despite the fact that diabetic patients from Yemen report-
ing intake of fruits and vegetables close to intake of these
kinds of foods in the CR and the US, they seem to fail in
substituting desserts and snacks containing fat for fruits
and vegetables. This may be caused by the fact that they
eat snacks less often than the diabetic patients in the other
studied countries.

Adherence to both FFB is a cornerstone of the diet rec-
ommendations for patients with T2DM. As the guidelines
(including diet recommendations) for the care of T2DM
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patients are all patterned on the ADA guideline, we suppose
very similar diet education of patients all over the world
and the differences in particular fields of diet shown in our
study may be assigned mainly to cultural and geographical
differences that we just aimed to analyze.

The main limitations of our study are the facts that our
samples are not based on populations across the involved
countries and that the patients were not randomly selected.
We chose the days of the data collection randomly, and all
patients who appeared for an ordinary appointment in the
particular study place within these days were addressed.

Both fat- and fiber-related outcomes are based on
patients’ self-reports. Despite the fact that the survey was
anonymous, social desirability bias, ie, the tendency to report
more favorable behavior in accordance with societal expecta-
tions, could limit the accuracy of reporting with a distortion
of absolute numbers. However, the influence of the potential
bias is expected to be similar in all studied countries, so the
comparison among them is still valuable.

To ensure the response rate as much as possible, patients’
incomes and material conditions were not examined. Never-
theless, most of participants were seniors with a lower socio-
economic status. In the US and Yemen, the clinics where the
surveys were conducted were a Federally Qualified Health
Center (FQHC) and a governmental hospital, respectively,
which often times serves people of lower socioeconomic
status, but that is not exclusively the case. However, culture
probably affects dietary habits independent of material
conditions.?

Conclusion

We found significant differences in all aspects of FFB among
studied countries. The best fat-related behavior reported
was from diabetic patients from the CR. Patients from the
US reported the best fiber-related behavior. Modifying and
adjusting dishes is more common than omitting their par-
ticular components from the diet or replacing them by other
types of food among patients across countries.

According to our experience, it is necessary to further
increase the general awareness of diabetic patients of the
appropriate diet and support their adherence to it, eg, by
focusing on the most problem areas. Professionals involved
in the diet education of T2DM patients should be aware of the
specificity of diet in their country when advising patients on
general recommendations. It may be useful to communicate
the diet recommendation in more detail and with focus on
typical meals for each arca. We suggest concentration on
fiber-related behavior in all T2DM patients.
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