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Abstract Background and aims: Nutritional therapy is a cornerstone of the treat-
ment of type 2 diabetes. The aim of this study was to assess differences in dietary
habits between subjects with and without known type 2 diabetes.
Methods and Results: In a sample of 1242 predominantly elderly subjects enrolled
in the InCHIANTI study, total energy and macronutrient intake was assessed cross-
sectionally using the EPIC self-reported questionnaire. Results were compared in
subjects with (N ¼ 109) and without known diabetes, and differences were
adjusted for age, sex, and reported comorbidities. Subjects with known diabetes
reported a significantly lower (p < 0.001) total energy and soluble carbohydrate in-
take in comparison with the rest of the sample (1793 � 481 vs 2040 � 624 kCal/day,
and 66.9 � 22.3 vs. 93.5 � 34.9 g/day, respectively). Conversely, consumption of
total and saturated fats, dietary fibres and proteins was not significantly different.
Conclusion: Known diabetes is associated with a reduction of soluble carbohydrate
consumption and total energy intake without any further modification of dietary
habits. These data suggest that the diagnosis of diabetes could induce some
changes in nutritional style. However, corrections in dietary habits do not appear
to be consistent with current guidelines and recommendations.
ª 2007 Elsevier B.V. All rights reserved.
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Introduction

Dietary management has a central role in the long-
term treatment of type 2 diabetes [1]. Current
nutritional guidelines include reduction of energy
intake, limitation of dietary cholesterol and satu-
rated fat and increased consumption of dietary
fibre [2]. Restriction of soluble carbohydrate intake
is no longer the cornerstone of dietary treatment of
type 2 diabetes since the total amount, rather than
the type, of carbohydrates seems to play a greater
role in the regulation of glycemic response [2], and
moderate amounts of simple sugars have little ef-
fect on blood glucose levels in diabetic patients [3].

The aim of this study was to investigate the
impact of awareness of being affected by diabetes
on eating habits in a predominantly elderly pop-
ulation-based cohort enrolled in the InCHIANTI
Study in order to verify whether elderly subjects
are able to modify their eating habits once they
receive the diagnosis of diabetes and whether such
changes are consistent with current nutritional
guidelines.
Methods

The population studied was enrolled in the In-
CHIANTI Study, a prospective cohort investigation
on factors affecting loss of mobility in late life [4].
Briefly, 1453 predominantly elderly subjects ran-
domly selected from the population of Greve in
Chianti and Bagno a Ripoli, two towns in the Tuscany
countryside, were studied. Data collected at base-
line included a detailed medical history, anthropo-
metric measurements and assessment of dietary
habits. Clinical visits and assessments were per-
formed by trained geriatricians and were preceded
by an interview conducted at the participants’
home. Trained interviewers administered a struc-
tured questionnaire providing general information
on health, socio-economic and functional status,
including physical activity and education. Physical
activity was classed into a five level ordinal score
(0 ¼ Sedentary or light physical activity <1 h/
week; 1 ¼ Light physical activity 2e4 h/week; 2 ¼
Light physical activity > 4 h/week or Moderate
physical activity 1e2 h/week; 3 ¼ Moderate physi-
cal activity � 3 h/week; 4 ¼ Intense physical activ-
ity several times a week) and education into a three
level ordinal score (1 ¼ No formal education or ele-
mentary school, 2 ¼ Intermediate, 3 ¼ University
or equivalent). Assessment of current dietary intake
was performed using the Italian version of the food
frequency questionnaire developed and validated
in the context of the European Prospective Investi-
gation into Cancer and Nutrition (EPIC) [5e7].

For the purpose of this cross-sectional analysis,
diagnosis of diabetes was considered as derived
from self-reporting by the participants. Subjects
with previously undiagnosed diabetes were in-
cluded in the non-diabetic group, as the awareness
of having diabetes, rather than the disease per se,
was considered potentially capable of interfering
with eating habits. Similarly, only self-reported
diagnoses of comorbidities, such as hypertension,
dyslipidemia, coronary artery disease, cerebro-
vascular disease, peripheral arterial obstructive
disease, chronic liver disease and chronic renal
failure were considered as potential covariates.

Only participants who had completed the nutri-
tional assessment procedure described above, and
for whom all data were available, were included in
the present analysis. The final sample consisted of
1242 subjects, 563 men and 679 women; of those,
109 subjects (8.8%), 53 men (9.4%) and 56 (8.2%)
women, reported to be affected by diabetes.

Statistical analysis was performed using the
SPSS 10.0 software. Parametric data are reported
as mean � SD and non-parametric data are re-
ported as percentages. Comparisons between
diabetic and non-diabetic participants were per-
formed using the unpaired two-tailed Student’s
t-test or the two-tailed Pearson’s c2 test, when-
ever appropriate. Differences in nutritional intake
between diabetic and non-diabetic subjects were
analysed using a three-step strategy. Univariate
regression-based analyses were first used to iden-
tify differences in specific nutritional intake.
Then, age, sex, physical activity, education and
self-reported comorbidities were entered in a step-
wise linear regression model, with each parameter
of dietary intake as the dependent variable of
a separate analysis (Model A). Finally, in order to
test possible differences in relative contribution
to total energy intake of any single energy-provid-
ing macronutrient, total energy intake was added
to the covariate set (Model B).
Results

Table 1 shows characteristics of the study popula-
tion according to self-reported diabetes.

When compared with the rest of the sample,
participants reporting to be affected by diabetes
were older (p< 0.001) and showed lower educational
degree (p < 0.01) and higher prevalence of comor-
bidities such as hypertension (p< 0.01), coronary ar-
tery disease (p< 0.001) and cerebro-vascular disease
(p< 0.005). No significant difference (p > 0.10) was



Table 1 Characteristics of the study population according to self-reported diabetes

Diabetes No diabetes p value

n. 109 n. 1133

Age (years) (mean � SD) 73.4 � 8.8 67.8 � 15.9 <0.001

Sex (% Female) 51.4 55.0 NS

Physical activity:
e Sedentary OR Light physical activity
<1 h/week (%)

20.2 16.0

e Light physical activity 2e4 h/week (%) 47.7 39.8
e Light physical activity >4 h/week OR

Moderate physical activity 1e2 h/week (%)
26.6 35.8 NS

e Moderate physical activity �3 h/week (%) 3.7 6.2
e Intense physical activity several times a week (%) 1.8 2.3

Education:
e No formal education or elementary school (%) 81.7 68.0
e Intermediate (%) 17.4 28.3 <0.01
e University or equivalent (%) 0.9 3.7

Self-reported comorbidities:
e Hypertension (%) 50.5 37.2 <0.01
e Dyslipidemia (%) 28.4 26.2 NS
e Coronary artery disease (%) 14.7 5.6 <0.001
e Cerebro-vascular disease (%) 10.1 4.1 <0.005
e Peripheral arterial obstructive disease (%) 4.6 2.6 NS
e Chronic liver diseases (%) 0.9 0.7 NS
e Chronic renal failure (%) 2.8 1.2 NS

Means are compared using unpaired two-tailed Student’s t-test. Percentages are compared using two-tailed Pearson’s c2 test.
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found for sex, physical activity and other self-
reported comorbidities (dyslipidemia, peripheral
arterial obstructive disease, chronic liver disease
and chronic renal failure).

Table 2 shows daily total energy and macronu-
trients intake according to self-reported diabetes
and results of univariate and multivariate analy-
ses, Models A and B.

At univariate analysis participants aware of
being affected by diabetes showed lower intake of
total energy (p < 0.001), total carbohydrates (p <
0.001), starches (p < 0.05), soluble carbohydrates
(p < 0.001), total lipids (p < 0.01), monounsatu-
rated fats (p < 0.05), saturated fats (p < 0.001)
and alcohol (p < 0.005). No significant difference
was found for polyunsaturated fats, cholesterol,
proteins and dietary fibres.

After adjusting for potential covariates, such as
age, sex, physical activity, education and self-
reported comorbidities (Model A), participants
aware of being affected by diabetes showed lower
intake of total energy (p < 0.001), total carbohy-
drates (p < 0.001) and soluble carbohydrates
(p < 0.001). No significant difference was found
for starches, total lipids, monounsaturated fats,
polyunsaturated fats, saturated fats, cholesterol,
proteins, alcohol and dietary fibres.
Finally, after adding total energy intake to the
covariate set (Model B), participants aware of being
affected by diabetes showed relatively lower con-
tribution to total energy intake of total and soluble
carbohydrates (p < 0.001 for both), and relatively
higher contribution of total lipids (p < 0.01), mono-
unsaturated fats (p < 0.05), polyunsaturated fats
(p < 0.001) and proteins (p < 0.001). No significant
difference was found for starches, saturated fats
and alcohol.
Discussion

We investigated the impact of awareness of being
affected by diabetes on eating habits in a predom-
inantly elderly population cohort in order to verify
whether elderly subjects are able to modify their
eating habits once they receive the diagnosis of
diabetes and whether such changes are consistent
with current nutritional guidelines that suggest, for
type 2 diabetes, a reduction of energy intake,
limitation of dietary cholesterol and saturated fats
and increased consumption of dietary fibre [2].

In synthesis, our results show that among
participants enrolled in the InCHIANTI Study the
diagnosis of diabetes was associated with a relevant
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reduction of total energy intake and soluble car-
bohydrate consumption, without any significant
difference in intake of starches, saturated fats,
cholesterol, alcohol and dietary fibres. Our results
also show a relative increase of the contribution of
lipids (total, mono- and polyunsaturated fats) and
proteins to total energy intake in diabetic patients.

With regard to modification of eating habits
related to the diagnosis of diabetes, we have pre-
viously shown that overweight type 2 diabetic
patients, after adjustment for age, show a higher
level of cognitive dietary restriction when com-
pared to non-diabetic subjects with similar body
mass indexes and that patients with known diabetes
seem to be aware of the need to modify their eating
habits [8]. Our study confirms the notion that dia-
betic patients report dietary intakes somewhat dif-
ferently when compared to non-diabetic subjects.

Reduction of total energy intake, which is
strongly recommended for type 2 diabetes [2],
was consistent with that actually observed in dia-
betic participants, even after correction for age,
sex, physical activity, education and self-reported
comorbidities. Yet, reduction of energy intake is
only a part of the above mentioned nutritional
guidelines and previous papers have shown that,
although the prescription of a moderately hypo-
caloric diet improved short-term metabolic control
[9], such a prescription did not slow down the pro-
gressive deterioration of glycemic control in type 2
diabetic patients [10].

Despite the fact that restriction of soluble
carbohydrate intake is no longer the cornerstone
of dietary treatment of diabetes [2], diabetic par-
ticipants showed a significantly relevant reduction
of simple sugar consumption, which is also respon-
sible for the reduction of total carbohydrate
intake. The observation that the effect of soluble
carbohydrates on blood glucose is only marginally
different from that of an isocaloric amount of
starch [2,3] did not prevent diabetic patients
from a specific restriction of simple sugars. Thus,
simple sugars appeared to be the main focus of di-
abetic dietary treatment in our study population.

Similarly, despite current recommendations for
the nutritional management of type 2 diabetes [2],
in our study subjects aware of being affected by
diabetes did not seem to refrain from saturated
fat intake, which still represents over 10% of their
total daily energy intake, and from cholesterol
intake. Also the recommendation for increasing
consumption of dietary fibres [2] appeared to be
substantially ignored by our diabetic participants.

The observed relatively higher contribution of
total lipids (p < 0.01), monounsaturated fats (p <
0.05), polyunsaturated fats (p < 0.001) and proteins
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(p < 0.001) to total energy intake was, probably, re-
lated to the relatively lower contribution of total
and soluble carbohydrates (p < 0.001, for both).

This study shows four main limitations. The first
one is that nutritional intake is based upon
participants self- reporting. Previous studies have
shown that obese subjects report lower food
intake compared to lean individuals [11,12].
It has been speculated that retrospective self-
reporting might produce a systematic underesti-
mate of food intake. In fact, some subjects are
not totally aware of what they eat, particularly
during snacks [13]; memory deficits, not uncom-
mon in the elderly, could also produce some er-
rors in estimates. However, a previous study has
suggested that nutritional data collected in the
InCHIANTI study provide a good estimate of die-
tary intake [14]. In spite of this result, it can be
speculated that diabetic patients, on the basis
of their belief that simple sugars increase blood
glucose, could have specifically under-reported
their consumption of soluble carbohydrates. In
fact, patients’ reports could, at least partly, re-
flect their hopes and desires rather than their
actual intakes. However, subjects enrolled in
the study had been informed that nutritional
data collected would not have been available to
the clinicians in charge of their care, and this
should have reduced the risk of intentional un-
der-reporting. The second limitation is that the
population studied is mostly composed of people
in advanced age. Thus, taking into account differ-
ences in dietary intake that occur with aging [15],
these results cannot be automatically extended
to younger subjects. The third limitation is repre-
sented by the cross-sectional nature of the analy-
sis; a prospective survey on modifications of
dietary habits after the diagnosis of diabetes
could have been more informative. Finally, the
population studied was mostly enrolled in a rural
area and the results cannot be automatically
extended to the urban environment.

In conclusion, our results suggest that elderly
participants enrolled in the InCHIANTI Study could
still be capable of modifying their eating habits once
they receive the diagnosis of diabetes, as shown by
reduction of soluble carbohydrates intake. How-
ever, our diabetic participants appeared to focus
their attention only on restriction of simple sugars,
possibly due to the immediately comprehensible
relationship between simple sugar intake and blood
glucose levels, rather than attempting changes in
their eating habits less immediately comprehensi-
ble but more relevant for long-term outcomes, such
as reducing intake of saturated fats and cholesterol
and increasing dietary fibres consumption.
Thus, our results strongly indicate the need for
an improved nutritional education for diabetic
patients who appear to be driven by incorrect or
incomplete health beliefs. A greater educational
effort is needed and future studies should in-
vestigate the best tools to hit the target.
References

[1] European NIDDM Policy Group. A desktop guide to type 2
diabetes mellitus. Diabet Med 1999;16:716e30.

[2] American Diabetes Association. Evidence-based nutrition
principles and recommendations for the treatment and
prevention of diabetes and related complications. Diabe-
tes Care 2003;26:51e61.

[3] Bantle JP, Swanson JE, Tomas W, Laine DC. Metabolic
effects of dietary sucrose in type 2 diabetic subjects. Dia-
betes Care 1993;16:1301e5.

[4] Ferrucci L, Bandinelli S, Benvenuti E, Di Iorio A, Macchi C,
Harris TB,et al. Subsystemscontributing to the decline inabil-
ity to walk: bridging the gap between epidemiology and geri-
atric practice in the InCHIANTI study. JAGS 2000;48:1618e25.

[5] Riboli E, Kaaks R. The EPIC Project: rationale and study
design. European Prospective Investigation into Cancer
and Nutrition. Int J Epidemiol 1997;26(Suppl. 1):S6eS14.

[6] Pisani P, Faggiano F, Krogh V, Palli D, Vineis P, Berrino F.
Relative validity and reproducibility of a Food Frequency
Dietary Questionnaire For Use in the Italian EPIC Centres.
Int J Epidemiol 1997;26(Suppl. 1):S152e8.

[7] Kaaks R, Slimani M, Riboli F. Pilot phase studies on the ac-
curacy of dietary intake measurements in the EPIC project:
overall evaluation of results. European Prospective Investi-
gation into Cancer and Nutrition. Int J Epidemiol 1997;
26(Suppl. 1):S26e36.

[8] Mannucci E, Tesi F, Ricca V, Pierazzuoli E, Barciulli E,
Moretti S, et al. Eating behavior in obese patients with
and without type 2 diabetes mellitus. Int J Obes Relat
Metab Disord 2002;26:848e53.

[9] Markovic TP, Jenkins AB, Campbell LV, Furler SM,
Kraegen EW, Chisholm DJ. The determinants of glycemic
responses to diet restriction and weight loss in obesity
and NIDDM. Diabetes Care 1998;21:687e94.

[10] UK Prospective Diabetes Study (UKPDS) Group. Effect of
intensive blood-glucose control with metformin on complica-
tions in overweight patients with type 2 diabetes (UKPDS 34).
Lancet 1998;352:854e65.

[11] Voss S, Kroke A, Klipstein-Grobusch K, Boeing H. Is macro-
nutrient composition of dietary intake data affected by
underreporting? Results from the EPIC-Potsdam Study.
European Prospective Investigation into Cancer and Nutri-
tion. Eur J Clin Nutr 1998;52:119e26.

[12] Heerstrass DW, Ocke MC, Bueno de Mesquita HB,
Peeters PH, Seidell JC. Underreporting of energy, protein
and potassium intake in relation to body mass index. Int
J Epidemiol 1998;27:186e93.

[13] Livingstone MBE. Assessment of food intake: are we mea-
suring what people eat? Br J Biomed Sci 1995;52:58e67.

[14] Bartali B, Turrini A, Salvini S, Lauretani F, Russo CR,
Corsi AM, et al. Dietary intake estimated using different
methods in two Italian older populations. Arch Gerontol
Geriatr 2004;38(1):51e60.

[15] Bartali B, Salvini S, Turrini A, Lauretani F, Russo CR,
Corsi AM, et al. Age and disability affect dietary intake.
J Nutr 2003;133(9):2868e73.


	Eating habits in elderly diabetic subjects: Assessment in the InCHIANTI Study
	Introduction
	Methods
	Results
	Discussion
	References


