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Abstract

Background: Diet quality is generally poor in persons with diabetes and it is unknown whether this is associated
with worse glycaemic control and atherogenic lipid profile. The aim was to examine diet quality in relation to
important markers of metabolic control in adults with type 1 diabetes (T1D) and type 2 diabetes (T2D).

Methods: The study was cross-sectional and included 423 (49% females) persons with T1D and 339 (29% females)
persons with T2D recruited from an outpatient diabetes clinic in Denmark. Data were collected from July
2014 to January 2015. Diet quality was assessed with a food frequency questionnaire to examine eight key
dietary components (carbohydrates, saturated fatty acids, monounsaturated fatty acids, polyunsaturated fatty
acids, added sugar, dietary fibre, fruit and vegetables). Clinical data assessing metabolic control (haemoglobin
Alc (HbATq), total cholesterol (total C), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), systolic and diastolic blood pressure and body mass index were extracted from the
electronic medical records.

Results: In T1D, higher intake of carbohydrates and added sugar was associated with higher HbA1c; higher
fruit intake was associated with lower total C and LDL-C; and higher intake of carbohydrates and dietary fibre
was associated with lower HDL-C. In T2D, higher intake of saturated fat was associated with higher total G
higher intake of added sugar was associated with higher LDL-C; and higher intake of polyunsaturated fat was
associated with higher diastolic blood pressure.

Conclusions: In Danish adults with T1D and T2D, both the total intake and the quality of carbohydrates and
fat were associated with an unfavourable glucose regulation and lipid profile. Thus, our findings support a
constant focus on diet and emphasise the need for dietary support in people with diabetes to improve diet
quality, metabolic control and possibly reduce cardiovascular risk.
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Background

Dietary guidance for persons with type 1 (T1D) and type
2 diabetes (T2D) is based on systematic evidence-based
dietary recommendations aiming to improve metabolic
control and potentially reduce long-term diabetes-
related complications [1-3]. This is accomplished by
attaining and maintaining optimal glycaemic control
(e.g. assessed by glycated haemoglobin Alc (HbAlc)), an
acceptable body mass index (BMI) as well as optimal
blood pressure and lipid levels to reduce the risk of mi-
cro- and macrovascular complications including cardio-
vascular disease (CVD) and mortality [3-5]. Despite
these ambitions, diet quality and adherence to the diet-
ary recommendations are generally poor in persons with
T1D and T2D as indicated by a high consumption of
saturated fat and low consumption of dietary fibre, vege-
tables, fruit and fish [6, 7]. In addition to the focus on
the overall diet composition in persons with diabetes,
carbohydrate intake is receiving growing attention in
both research and clinical work [6, 8, 9]. Both the type
and amount of carbohydrates in the diet has been
proven critical for glycaemic control in persons with dia-
betes [2, 7, 10-15]. However, it is unclear whether a
poor diet in relation to carbohydrate quality is associated
with a more atherogenic lipid profile in these persons [6,
8]. Since diabetes is associated with an increased risk of
developing CVD [16, 17] it is of major clinical interest to
investigate associations between diet and health out-
comes in persons with diabetes. Accordingly, we investi-
gated eight key dietary indicators in relation to the four
most commonly used clinical markers — HbAlc, lipid
profile, blood pressure and BMI — in a large sample of
adults with T1D and T2D.

Methods

Design and participants

The study was a cross-sectional design with all data col-
lected during July 2014—January 2015. A random sample
of 3000 adults (> 18 years) with diabetes (1500 with T1D
and 1500 with T2D) followed in the outpatient clinic at
Steno Diabetes Center Copenhagen were invited to the
survey. Participants received an invitation with informa-
tion regarding the questionnaire, including a personal
token and a hyperlink to a website containing the study
questionnaire. The online survey tool, Lime Survey (San
Francisco, CA, USA), was connected to a server at the
National Food Institute (Technical University of
Denmark). Participants were offered a telephone hotline
if in need of assistance with the questionnaire. The
phone was answered by a dietitian. Information on the
participants’ habitual diet, level of physical activity and
level of education was collected from the self-
administered web-based questionnaire. Questions and
classification of level of education are according to
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Statistics Denmark (www.dst.dk/en). The Danish version
of the International Physical Activity Questionnaire
short form (IPAQ-SF) was used to collect data concern-
ing the level of physical activity for the previous 7 days.
Clinical data were collected from the participants’ elec-
tronic medical records (EMR) [7].

We included persons with diabetes-related complica-
tions that could influence dietary intake (e.g. gastropar-
eses, coeliac disease and kidney disease); however, the
number was small (<5%). Exclusion criteria included
mental disorders or life-threatening disorders. A total of
774 persons with diabetes responded to the invitation
and participated in the study, from which we excluded
12 persons due to missing clinical data, leaving 762
study participants with complete data for analyses (n =
423 with T1D, n =339 with T2D). Study flow chart, re-
sponse rates, representativeness and a detailed descrip-
tion of the web-based survey tool have been described
previously [7]. Participants were informed that complet-
ing the web-based questionnaire was regarded as con-
sent to participate in the study according to Danish
regulations for biomedical research. The dietary survey
was approved by the local ethics committee and the Da-
nish Data Protection Agency.

Dietary data
Eight dietary indicators were chosen according to the
latest American and European nutrition guidelines in
diabetes, primarily with grade A and B evidence [1, 18].
Dietary intake of total energy (kJ/d), six nutrients (car-
bohydrates, saturated fatty acids (SFA), monounsatu-
rated fatty acids (MUFA), polyunsaturated fatty acids
(PUFA), added sugar and dietary fibre), and two healthy
food groups (fruit and vegetables), all in gram/d were
assessed using a validated web-based food frequency
questionnaire (FFQ) designed to cover the food intake of
the previous 3 months [9]. Intakes were calculated from
the Danish Food Composition Database using standard
portion sizes and recipes. The FFQ consists of 270 food
items and mixed dishes. Portion sizes were estimated
using the same household measures and series of photo-
graphs that participants could select according to their
habitual dietary intake similar to the food diary in Da-
nish National Survey of Dietary Habits and Physical Ac-
tivity as previously described [7].

Clinical data

Clinical data extracted from the EMR included age, sex,
type of diabetes, diabetes duration, height and weight
(used for calculation of BMI), smoking habits, plasma
HbAlc, plasma levels of total cholesterol (total C), high-
density lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C), diastolic (DBP)
and systolic blood pressure (SBP), use of insulin pump,
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use of insulin, oral antidiabetic drugs (OAD) and lipid
lowering medications. Blood samples were analysed for
lipids with standard hospital methodology. The clinical
values closest to the date of the completed web-based
questionnaire were used.

Statistical analyses

Analyses included standard descriptive statistics. All data
are presented as medians with interquartile range (IQR).
Associations between dietary components (carbohy-
drates, SFA, MUFA, PUFA, added sugar, dietary fibre,
fruit and vegetables) and the clinical markers (HbAlc,
BMI, total C, HDL-C, LDL-C, DBP and SBP) were ana-
lysed using linear regression models. Prior to analyses,
we log-transformed exposure variables to ensure that
model residuals were normally distributed. To further
allow direct comparisons of the associations between the
exposures (dietary components) for a given outcome
(clinical marker) we standardized the dietary component
variables prior to analyses. Standardization was done by
dividing the log-transformed exposure variable by the
standard deviation (SD) of the log-transformed values in
the study population [19]. Associations between dietary
intake and clinical markers were examined by multiple
linear regression analysis and separately for persons with
T1D and T2D with adjustment for relevant confounders
in a stepwise approach. Model 1 was adjusted for sex,
age, duration of diabetes, physical activity, smoking;
Model 2 was additionally adjusted for BML; Model 3 was
additionally adjusted for education level and total en-
ergy. Furthermore, analyses of plasma HbAlc were add-
itionally adjusted for insulin dose and use of pump (in
persons with T1D) and insulin dose and OAD (in per-
sons with T2D), analyses of plasma cholesterols were
additionally adjusted for use of lipid-lowering medica-
tion and analyses of blood pressure were adjusted for
blood pressure-lowering medication. For all statistical
tests, a two-sided significance level of 0.05 was used. All
statistical analyses were performed with the SPSS soft-
ware for Windows, version 22.0 (IBM Corp, Armonk,
NY, USA).

Results

Participants characteristics are shown in Table 1. The
group with T1D had equal numbers of male and female
participants, and in the group with T2D, 71% were male
participants. Median age was 53 years (41-64) among
participants with T1D, and 65 years (58—71) among par-
ticipants with T2D. Median HbAlc and lipid profile
were close to treatment targets in both groups. Of the
participants with T2D, 85-92% were on lipid-lowering
and blood pressure-lowering medication; this applied to
approximately half of those with T1D. More than 80%
with T2D were treated with different OAD, 30% with
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Table 1 Baseline characteristics of study participants (n = 762)

Characteristics®

Participants T1D

Participants T2D

(n=423) (n=339)
Sex (F/M), % (n) 49/51 (206/217) 29/71 (100/239)
Age, years 53 (41-64) 65 (58-71)
BMI, kg/m2 24.9 (22.6-27.6) 29.2 (26.5-33.3)
Insulin pump, % (n) 286 (121) 0 (0)
Years with diabetes, y 26 (14-39) 15 (9-22)
Smokers, % (n) 14 (58) 12 (39)
HbA1c, mmol/mol/ % 58 (52-65) / 57 (51-66) /
7.5(6.9-8.1) 7.3 (6.8-8.1)
Blood cholesterol levels
Total cholesterol, mmol/I 45 (4.0-5.1) 40 (3.5-4.7)
HDL C, mmol/I 1.55 (1.30-1.94) 1.07 (0.89-1.30)
LDL C, mmol/Il 25 (20-29) 20 (1.5-24)
Systolic blood pressure, 128 (120-136) 130 (122-139)
mm Hg
Diastolic blood pressure, 76 (70-82) 77 (71-82)
mm Hg
Medical treatment (%)
Insulin, % (n) 100 (422) 66 (225)
GLP-13, % (n) <1(1) 30 (102)
OAD, % (n) <2 (6) 81 (275)
OAD +insulin, % (n) <2 (6) 47 (160)
Lipid lowering medication 47 (200) 85 (287)
(statins), % (n)
Anti-hypertensive 56 (238) 92(313)

medication, % (n)

BMI body mass index, D-BP diastolic blood pressure, F female, GLP-1a
glucagon-like peptide 1 analogues, HbATc glycated haemoglobin Alc, HDL
cholesterol, high-density lipoprotein cholesterol, LDL cholesterol, low-density
lipoprotein cholesterol, OAD oral antidiabetic drugs, S-BP systolic blood
pressure, T1D type 1 diabetes, 72D type 2 diabetes

*Values are either presented as median (IQRs) or number (n) and percentages
(%) of study population

glucagon-like peptide-1 receptor analogues (GLP-la),
and 66% with insulin.

In general, most food components were not associated
with clinical outcomes. In persons with T1D, both
higher intake of carbohydrates (p = 0.034) and higher in-
take of added sugar (p=0.012) was associated with
higher HbAlc, with the highest impact from carbohy-
drates (Fig. 1). Higher fruit intake was associated with
lower levels of total C (p = 0.003) and LDL-C (p = 0.035)
(Fig. 1). Both higher intake of carbohydrates (p = 0.004)
and higher intake of dietary fibre (p = 0.002) was associ-
ated with lower HDL-C with similar impact (Fig. 1). In
persons with T2D, higher SFA intake was associated
with higher total C (p=0.041), and higher intake of
added sugar was associated with higher LDL-C (p=
0.025) (Fig. 2). Finally, higher PUFA intake was associ-
ated with higher DBP (Fig. 2).
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Fig. 1 Shows the associations between the outcomes (total cholesterol, HDL cholesterol, LDL cholesterol, BMI, diastolic pressure, systolic blood
pressure and HbA1c) and the eight chosen standardized food components (carbohydrates, SFA, MUFA, PUFA, added sugar, vegetables, fruit and
dietary fibre) in persons with T1D. The grey line is the step-model 2 and the black line is the final step-model. Difference in outcomes with 95%
Cl are shown for a SD increase in the log-transformed food component. A difference is statistically significant when the 95% Cl (horizontal lines)
does not cross the vertical O-line. BMI, body mass index; BP, blood pressure; HbA1c, glycated haemoglobin Alc; HDL cholesterol, high-density
lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; T1D, type 1 diabetes; SFA, saturated fatty acids; MUFA,

Discussion
The overall findings in this large-scale study in adults
with T1D and T2D are in line with previous reports.
Our findings highlight the importance of a continuous
need to focus on improvement of diet quality and, in
particular, on carbohydrate quantity and quality (i.e. in-
take of dietary fibre, added sugar and fruit) in order to
improve metabolic control in people with diabetes.

One of the primary findings was that a higher intake
of carbohydrates and added sugar was associated with

an unfavourable lipid profile and HbAlc. However, the
findings differed between diabetes classification, with the
majority of significant dietary-related findings in the
T1D group compared with the T2D group, even though
the literature supports a similar focus on diet in both
groups [1, 3, 5]. Persons with T1D who reported higher
intake of food containing carbohydrates and added sugar
also had higher HbAlc levels, which we did not find in
persons with T2D, even though the dietary percentage
of total energy deriving from carbohydrates was the
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Fig. 2 Shows the associations between the outcomes (total cholesterol, HDL cholesterol, LDL cholesterol, BMI, diastolic pressure, systolic blood
pressure and HbA1c) and the eight chosen standardized food components (carbohydrates, SFA, MUFA, PUFA, added sugar, vegetables, fruit and
dietary fibre) in persons with T2D. The grey line is the step-model 2 and the black line is the final step-model. Difference in outcomes with 95%-
Cl are shown for a SD increase in the log-transformed food component. A difference is statistically significant when the 95%-Cl (horizontal lines)
does not cross the vertical O-line. BMI, body mass index; BP, blood pressure; HbATc, glycated haemoglobin Alc; HDL cholesterol, high-density
lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; T2D, type 2 diabetes; SFA, saturated fatty acids; MUFA,
monounsaturated fatty acids; PUFA, polyunsaturated fatty acids

same in both study groups (previously published data
[7]). Even though the long-term effects of reducing the
total carbohydrate intake are inconclusive, the impact of
carbohydrates on both prandial and postprandial glucose
excursions is well-known and of great importance in re-
lation not only to the regulation of blood glucose levels
and glycaemic control but also in relation to weight
management. These factors have recently been investi-
gated in several systematic reviews and metanalysis of
randomized controlled trials (RTC) [5, 10-12].

In the current study, we found no relationship between
HbAlc and intake of dietary fibre. Several other studies have
examined the effect of dietary fibre on glycaemic control
with varying results [13, 14, 20, 21]. A systematic review and
meta-analysis of RCTs found that a high intake of dietary
fibre reduced HbAlc by up to 6 mmol/mol (2.7%) in per-
sons with T2D [20]. We found no association between fibre
intake and HbA1lc in our study. In general, the fibre intake
was low (21-22 g/d) for the participants in this study com-
pared with the recommended intake (> 40 g/d) [7].
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We found that a higher fruit intake was related to a
lower total C in T1D, and that a higher SFA intake was
related to a higher total C in T2D. These differences
may relate to some of the differences in dietary patterns
and preferences between the two entities but may also
mirror differences in Danish diabetes outpatient clinics.
For example, in our clinic, persons with T1D are more
frequently advised by a trained dietician than are those
with T2D. In line with this, the intake of fruit in our
study was also associated with a reduction in LDL-C in
persons with T1D. Although limited literature is avail-
able on the effects of fruit intake on surrogate markers
of CVD (e.g. lipid profile) in T1D, our findings support
previous reports where fruit intake has been reported to
be associated with an improved CVD profile [22]. One
RCT found that a greater intake of fruit was associated
with lower DBP [16] and a sub-analysis of fruit and
vegetable intakes as part of the Mediterranean diet has
also showed benefits in CVD prevention [22, 23]. It is
well-known that a high intake of fruit (and vegetables)
can be considered as a marker of a healthy lifestyle that
coincides with more physical activity and less smoking,
which is why it is difficult to separate the effects of fruit
and vegetables from other factors related to a healthy
lifestyle.

Added sugar was related to a higher LDL-C in persons
with T2D and as outlined above, higher HbAlc in T1D.
This underlines the importance of focusing on carbohy-
drate quality and avoiding “simple” carbohydrates. Other
studies have found comparable results between intake of
carbohydrates and HDL-C where a high-carbohydrate-
high-fibre diet displayed greater reduction in HDL-C
than did a low-carbohydrate-low-fibre diet in persons
with T1D [15]. Knowledge is limited related to the asso-
ciation between sugar intake and LDL-C in persons with
diabetes. However, in persons without diabetes, the in-
take of sugar is related to higher LDL-C concentration
[24], which supports our findings.

A prospective cohort including 6192 persons with
T1D and T2D found that higher intakes of dietary fibre
were associated with and lower risk of CVD and lower
mortality [25]. These hard endpoints are more powerful
than our surrogate markers for CVD; however, our re-
sults clearly support these findings and are indicative of
the importance in focusing on carbohydrate quality.

Our finding that intake of PUFA was associated with
an increase in DBP in persons with T2D is in contrast to
other studies, primary showing a reduction in blood
pressure (both SBP and DBP) in relation to intake of
PUFA [17, 26].The finding was surprising and may be a
random finding without any clinical significance.

We found no relationship between BMI and diet in ei-
ther group. This may be because the groups were rela-
tively homogeneous within each group with a BMI range
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of 22-27 kg/m? in persons with T1D and a BMI range
of 26-33 kg/m? in those with T2D, possibly indicating a
well-known weakness, the non-response bias in survey
questionnaires. Individuals participating in these types of
survey are often more well-educated, more likely to have
healthier eating habits and be more resourceful concern-
ing diabetes self-management [7, 27]. In line with this,
fewer was smokers, and more were better regulated in
terms of HbAlc and total cholesterol and HDL-
cholesterol compared with non-responders in our study.
However, we tried to accommodate this by adjusting for
level of education in our analyses. The dietary assess-
ment was based on self-reported dietary intake using an
FFQ with the risk of memory bias and social desirability
bias leading individuals to under-report the consump-
tion of unhealthy foods, for example, foods high in
added sugar due to the focus on avoiding sugar in dia-
betes [27-29] . This may have resulted in under-
reporting in the study, thereby influencing our study re-
sults. Dietary under-reporting is a frequent problem in
persons with T2D, an aspect we have previously ad-
dressed [7], and to reduce the risk of memory bias, we
used an FFQ with a time span of 3 months. The FFQ
used for dietary data collection in our study has previ-
ously been validated in persons with T1D and T2D [9]
and was found to be a reliable tool for assessment of
dietary intake, especially intake of foods containing car-
bohydrates, dietary fibre and added sugar.

Another potential weakness in our study is the time
point for extracting clinical data from the EMR. Data
were not measured on the day the questionnaire was
completed. Furthermore, lack of compliance with the
prescribed medicine in diabetes is known and is a factor
we cannot adjust for [30]. Some of our findings are
somewhat in contrast to other published results and in-
deed difficult to explain and therefore deserves attention
in future research in similar patient populations.

Conclusion

In conclusion, we found that the total intake and quality
of carbohydrates as well as the fat quality were associ-
ated with HbAlc and plasma lipids in Danish adults
with T1D and T2D. Our findings emphasise the import-
ance of constant focus on dietary support by dietitians
to improve the diet quality in order to obtain metabolic
control and possibly reduce cardiovascular risk.
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