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Abstract

Objective: To evaluate the reproducibility and validity of a previously constructed

FFQ to assess the usual diet of patients with type 2 diabetes mellitus (T2DM).

Design: Cross-sectional survey using two quantitative FFQ (1-month interval)

supported by a food photograph portfolio, a 3 d weighed diet record (WDR) and

urinary N output measurement (as a biomarker of protein intake).

Setting: Group of Nutrition in Endocrinology, southern Brazil.

Subjects: Out-patients with T2DM.

Results: From a total of 104 eligible T2DM patients, eighty-eight were included in

the evaluation of FFQ reproducibility and seventy-two provided data for the

validity study. The intakes estimated from the two FFQ did not differ (P> 0-05)

and the correlation coefficients were significant (P<0-01) for energy and

nutrients, ranging from 0-451 (soluble fibre) to 0-936 (PUFA). Regarding the

validity evaluation, data from the FFQ were higher than those from the WDR for

total (283 %), soluble (27-4%) and insoluble fibres (29-1%), and SFA (13-5%),

MUFA (11-1%) and total lipids (9:2%; all P<0-05). There were significant

correlation coefficients between the FFQ and WDR for most nutrients, when

adjusted for energy intake and de-attenuated. Also, the Bland-Altman plots

between the FFQ and WDR for energy and macronutrient intakes showed that

the FFQ may be used as alternative method to the WDR. The validity coefficient Keywords
(using the method of triads) for the FFQ protein intake was 0-522 (95 % CI 0-414, Type 2 diabetes mellitus
0-597). FFQ
Conclusions: This quantitative FFQ was valid and precise to assess the usual diet Food records
of patients with T2DM, according to its validity and reproducibility. Nutritional epidemiology

The influence of diet in the development of human disease

has been the central focus of nutritional epidemiology"”.

There are several methods to evaluate food and nutrient

patients reach the suggested targets. In fact, only 24%
of Brazilian diabetic patients had glycated Hb (HbAlc)
lower than the recommended target (HbAlc <7%)®. In

consumption as well as energy intake, including 24h
recalls, diet records, FFQ“ and biomarkers®. Dietary
assessment is often carried out to develop and implement
nutritional advice, promote health, prevent illness and
improve nutritional status™.

The management of patients with diabetes includes,
besides pharmacological therapy, lifestyle changes®®.
The intensive control of hyperglycaemia and hyperten-
sion reduces or halts the development of diabetic chronic
complications'”. The best pharmacological strategy to
lower glucose in patients with type 2 diabetes mellitus
(T2DM) has been continuously evaluated”, but few
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this sense, lifestyle changes, especially dietary interven-
tion, should be reinforced®. However, the relationship
between diet and diabetes complications has not been
completely elucidated.

To investigate the association between components of
diet and the development of chronic diabetic complica-
tions, the dietary evaluation should cover a long period,
months or years, as is the case of FFQ"”. The FFQ should
be based in a specific population and its validity and
reproducibility should always be tested”. The validity is
examined by comparing FFQ data with a reference
method and/or biomarkers”. The weighed diet record
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(WDR) has been considered the best dietary tool for
the validation procedure'”. Biomarkers evaluate specific
nutrients, such as urinary urea-N for estimating protein
intake ", Finally, to evaluate the FFQ reproducibility, the
dietary instrument should be tested at least on two
separate occasions .

To date, only four FFQ have been developed and
validated for patients with diabetes in specific ethnic
populations>® We recently constructed a Brazilian
FFQ for diabetes''”. Therefore, the present study aimed
to evaluate the performance (validity and reproducibility)
of this FFQ in the assessment of the usual diet of patients
with T2DM by comparing it with a 3d WDR and a bio-
marker of protein intake.

Experimental methods

Patients

The present study was conducted in patients with T2DM,
defined as individuals over 30 years of age at onset
of diabetes, with no previous episode of ketoacidosis
or documented ketonuria, and with initiation of insulin
therapy (when present) at least 5 years after diagnosis.
The study recruited out-patients who consecutively
attended the Endocrinology Division of the Hospital de
Clinicas de Porto Alegre, Brazil and who had not pre-
viously been submitted to any dietary assessment.

The inclusion criteria were: age <80 years, serum crea-
tinine <2-0mg/dl and BMI <40-0kg/m?® Patients using
corticosteroid drugs and with orthostatic hypotension or
gastrointestinal symptoms suggestive of autonomic diabetic
neuropathy were excluded. The study was conducted
according to the guidelines laid down in the Declaration
of Helsinki and all procedures involving patients were
approved by the Ethics Committee of the Hospital de
Clinicas de Porto Alegre, Brazil. Written informed consent
was obtained from all patients.

Patients were submitted to clinical, lifestyle and anthro-
pometric evaluation. Information about clinical data
(co-morbidities associated with diabetes and medication
use) was collected from the patients’ most recent medical
records. Hypertension was defined as a mean of the
measurement of systolic blood pressure =140 mmHg
and/or diastolic blood pressure =90 mmHg, the use of an
antihypertensive drug or self-reported identification® .
Patients were defined as microalbuminuric when the
value of urinary albumin excretion (UAE) was 17-174 mg/1
or UAE 30-299mg/24h or as macroalbuminuric when
UAE =174 mg/1 or UAE =300 mg/24 h. The diagnosis of
micro- or macroalbuminuria was always confirmed"?.
Patients were classified as current smokers or not (former
and non-smokers) and self-identified as white or non-
white. Economic status was evaluated by a standardized
Brazilian questionnaire®” and physical activity level was
classified according to the short version of the International
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Physical Activity Questionnaire®” culturally adapted to

the Brazilian population®”. Physical activity was graded
into three levels: low, moderate and high, according to
activities during a typical week®”. The body weight and
height of patients (light clothing and without shoes) were
obtained with measurements recorded to the nearest
100 g for weight and to the nearest 0-1 cm for height. BMI
(kg/m® was then calculated. Waist circumference was
measured at the midpoint between the iliac crest and the
last floating rib. Also, hip circumference was measured
at the largest circumference of the buttocks. A flexible
and non-stretchable fibreglass tape was used for these
measurements.

Dietary assessment

The patients’ usual diet was assessed by the FFQ (study
factor), a 3d WDR (used as a relative reference) and a
biomarker for protein intake (urinary urea-N output) from
February 2010 to May 2011. The FFQ was constructed
with dietary data from a sample of 188 out-patients with
T2DM: 61-1 (sp 10-1) years old, 50-0% males, median of
12 (6-18) years of diabetes duration, BMI of 28-8 (sp 4-3)
kg/m? HbAlc of 7-5 (sp 1:4)%, 42:5% from lower-
middle class and 84-4% self-identified as white"”.
Briefly, dietary data from a 3d WDR were used to con-
struct a list of foods usually consumed. Portion sizes were
determined according to the 25th, 50th, 75th and 95th
percentiles of intake for each food item. A total of sixty-
two food items were selected on the basis of the 3d WDR,
and another twenty-seven foods or their preparation
options and nine beverages were included after expert
examination. The frequency was described as the number
of times the food was consumed and also if the intake
occurred daily, weekly, monthly or yearly. Also, a port-
folio with photographs of each included food item and
its portion sizes was created to assist the patients in
identifying the consumed portion. The final version of the
FFQ consisted of ninety-eight most commonly consumed
food items and covered the past 12 months™”.

The FFQ was applied by a nutritionist (R.A.S.) in an
interview, twice, with a 1-month interval. After this, the
patients underwent a 3d WDR (two non-consecutive
weekdays and one day off at an interval of 3 weeks) as
previously standardized®”. Compliance with the WDR
technique was confirmed by comparison between the
protein intake estimated from the 3d WDR and from
the 24 h urinary urea-N output'”. To be included in the
validity evaluation of the FFQ, misreporting should
be excluded. Misreporting was defined when the ratio of
protein intake estimated from the WDR to protein intake
estimated by urinary urea-N was <0-79 or >1-26"*". The
protein intake estimated from urinary urea-N was also
used as a biomarker to evaluate the agreement of protein
intake from the FFQ with that from the 3d WDR.

The food intakes reported in the dietary instruments
(FFQ and 3d WDR) were converted into daily intakes and
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their nutritional composition was calculated with the soft-
ware Nutribase Clinical® (CyberSoft Inc., Phoenix, AZ,
USA) that is based on food composition data from the US
Department of Agriculture®”. The amount of transfatty
acids was derived from the Tabela de Composicdo dos
Alimentos— TACO?®, the US Department of Agriculture®”,
Slover et al® and the TRANSFAIR Study®. The total,
soluble and insoluble dietary fibre contents were esti-
mated from data available in the CRC Handbook of
Dietary Fiber in Human Nutrition®”. The glycaemic
index (GD and glycaemic load (GL) were obtained from
the international tables®". When the GI of foods present
in the instruments was not found, we used data from food

with a similar composition.

Laboratory evaluation

Blood samples were obtained after a 12h fast. Plasma
glucose was determined by the glucose oxidase method,
serum and urinary creatinine level by Jaffe’s reaction; HbAlc
was tested by HPLC (Tosoh 2:2 Plus HbAlc; Tosoh
Corporation, Tokyo, Japan; reference value: 4-8 to 6-0%);
total cholesterol and TAG were measured by enzymatic
colorimetric methods; and HDL-cholesterol was determined
by the homogeneous direct method. LDL-cholesterol was
calculated using the Friedewald formula: LDL-cholesterol =
total cholesterol — HDL-cholesterol — (TAG/5)?% only for
patients with TAG values <400 mg/dl.

On the third day of the WDR, urea was measured in a
24h urine collection. Collection of the 24 h urine started in
the morning of the first day with the second morning urine
and lasted until the second day, at the same hour, with the
first morning urine. Completeness of urine collection was
confirmed by 24h creatinine measurements: 700 to
1500 mg/24h for women and 1000 to 1800mg/24h for
men®®. Protein intake was estimated from 24h urinary
urea-N output and calculated using Maroni’s formula as
follows: protein intake (g/d) = nitrogenated intake X 6-25;
where nitrogenated intake = urinary urea-N (= urinary
urea/2) + non-ureic N (= 0-031g/kg current weight'".
Urinary albumin excretion was measured by immuno-
turbidimetry (MicroAlb Sera-Pak®  immunomicroalbumi-
nuria; Bayer, Tarrytown, NY, USA) on a Cobas Mira Plus®
(Roche, Indianapolis, IN, USA) and urinary urea was
measured by an enzymatic UV method.

Statistical analysis
Results are expressed as mean and standard deviation
or as median and interquartile range, and the Gaussian
distribution was verified by the one-sample Kolmogorov—
Smirnov test. Data were log-transformed before analyses
to normalize distributions. All data analyses were per-
formed using the statistical software package IBM SPSS
Version 18-0 and the type I error rate was fixed at P= 0-05
(two-tailed).

To evaluate the FFQ reproducibility, data from the first
and second FFQ were compared by Student’s ¢ test or
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Wilcoxon’s U test for paired samples and Pearson corre-
lation coefficients were calculated with crude data and
data adjusted for energy intake according to the residual
method .

In the validity study, data from the second FFQ, the 3d
WDR (relative reference) and the biomarker (for protein
intake only) were evaluated, comparing these dietary
tools using Student’s ¢ test or Wilcoxon’s U'test for paired
samples, Pearson correlation coefficients, and their
agreement by Bland—Altman plots(%) . Pearson correlation
coefficients were calculated using crude data and data
adjusted for energy intake'”. Correlation values were
corrected by the ratio of the intra- and inter-individual
variances, obtained by analysis of the 3d WDR, through the
following equation: 75=17, (1+ Y 2 where 7, is the
de-attenuated correlation, 7, is the observed correlation
between FFQ and WDR, 4 is the intra- and inter-individual
variance ratio in the WDR and 7 is the number of replicates,
which comprised three food records™. Further, the corre-
lation between protein intake estimated from the FFQ and
true protein intake was performed according to the method
of triads, considering the protein intake estimated by the
second FFQ and the 3d WDR and the measured protein
intake using urinary urea-N output as biomarker®>.

In the sample size calculation a minimum correlation
coefficient of 0-40" between the protein intake estimates
by FFQ and 3d WDR, a type I error (two-tailed) of 5%
and a type II error of 10% were taken into account. For
the validity study, sixty-two patients were required; for
the reproducibility evaluation, considering a 20% drop-
out, seventy-five patients needed to be studied.

Results

Patients

Out of a total of 104 participants eligible for the study, three
patients (2:9 %) refused to participate and thirteen patients
(12-5%) agreed to participate but they did not return
for another visit to answer the second FFQ. Furthermore,
sixteen patients (15-4%) performed an unsatisfactory WDR
and they were not included in the validity evaluation. We
did not observe differences in characteristics between the
patients included in the validity evaluation (72 72) as com-
pared with these sixteen misreporting patients (2> 0-100
for all analyses; data not shown). Therefore, eighty-eight
patients were included for the reproducibility evaluation
and seventy-two patients provided complete data for the
validity study. The demographic, clinical, anthropometric
and laboratory characteristics of the patients included in
each study are shown in Table 1.

Reproducibility evaluation

The daily intake data obtained from the first and second
FFQ were compared and are shown in Table 2. The
reported intakes of energy, macronutrients, fibres, GI and
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Table 1 Demographic, clinical, anthropometric and laboratory characteristics of Brazilian patients with type 2 diabetes mellitus included in

the reproducibility and validity studies

Reproducibility study (n 88)

Validity study (n 72)

Characteristic Mean or median sp or IQR Mean or median sp or IQR
Female (%) 58-0 55-6
Age (years) 63-3 85 61-9 9-3
Diabetes duration (years) 10 3-17 10 3-17
White (%) 71-6 736
Hypertension (%) 89-8 87-5
Micro- or macroalbuminuria (%) 31-8 334
Diabetes treatment (%)

Diet 2-3 2-8

Oral hypoglycaemic drugs 44-3 431

Insulin 8-0 97

Insulin and oral hypoglyacemic drugs 40-5 44-4
Economic status (%)

Upper and upper-middle class 47-7 55-6

Middle class 46-6 38-9

Lower-middle and lower class 57 5-6
Current smoking (%) 6-8 5-6
Physical activityt (%)

Low level 60-2 55-9
BMI (kg/m?) 29-6 3-9 28-8 4-3
Waist circumference (cm)

Male 102-9 10-7 102-3 107

Female 100-1 9-6 100-3 10-0
Hip circumference (cm)

Male 103-3 71 103-3 7-4

Female 106-7 8:0 106-9 81
Fasting plasma glucose (mg/dl) 163-1 69-2 145-8 59-3
Total cholesterol (mg/dl) 177-5 369 183-1 45-9
HDL-C (mg/dl)

Males 42-3 10-7 42-4 11-3

Females 47-3 12-5 46-6 13-3
LDL-C (mg/dl) 103-7 31-9 109-3 36-3
TAG (mg/dl) 131-0 95-0-180-0 119-0 94-0-178-0
HbA1c (%) 8-9 2:0 8-5 2:0
Serum creatinine (mg/dl) 0-9 0-2 0-8 0-2

IQR, interquartile range, HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; HbA1c, glycated Hb.
Data are expressed as mean and standard deviation, or median and interquartile range, or proportion of patients with the analysed characteristic (%).
tNone of the patients were identified as having a high level of physical activity.

Table 2 Energy, macronutrient and fibre intakes, glycaemic index and glycaemic load estimated from the two FFQ applied at an interval of
1 month in Brazilian patients with type 2 diabetes mellitus included in the reproducibility study (n 88)

First FFQ Second FFQ Pearson correlationst
Nutrient Mean or median sp or IQR Mean or median sb or IQR P value Crude data Adjustedt
Energy (kJ) 9225-7 33325 8944-9 3009-5 0-241§ 0-725 -
Protein (g) 90-9 68-0-106-2 86-6 70-4-118-1 0-396lI 0-693 0-602
Carbohydrate (g) 264-7 212-6-308-3 244-5 198-6—295-2 0-121ll 0-595 0-520
Total fibre (g) 26-4 10-0 254 9-5 0-256§ 0-563 0-505
Soluble fibre (g) 9-4 35 8-9 34 0-226§ 0-534 0-471
Insoluble fibre (g) 17-0 6-8 16-2 65 0-238§ 0-536 0-451
Total lipids (g) 81-5 33-6 80-3 25-6 0-582§ 0-783 0-658
SFA (9) 24-2 13-4 24-0 9-8 0-802§ 0-749 0-609
MUFA (g) 26-7 11-6 26-6 88 0-919§ 0-725 0-634
PUFA (g) 214 9-0 215 8:2 0-680§ 0-925 0-936
Trans-fatty acids 15 0-9-2:2 1-6 1-1-2-4 0-302l 0-683 0-629
Glycaemic index (%) 56-5 5-5 55-9 4-6 0-142§ 0-623 0-618
Glycaemic load (g) 125-7 96-7—-167-5 120-7 93-5-142:2 0-112ll 0-633 0-561

IQR, interquartile range.

tThe energy and nutrient values were log-transformed to normalize the distribution and calculate the correlation coefficients. All Pearson correlations are

P <0-001.

tData adjusted for energy intake according to the residual method™.

§Student’s t test for paired samples.
IIWilcoxon’s U test for paired samples.
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Fig. 1 Bland—Altman plots to evaluate the agreement between the values of nutrient intake reported from the second FFQ with
those recorded from the 3d weighed diet record (WDR): (a) energy, (b) protein, (c) carbohydrate and (d) total lipids; validity study

among Brazilian patients with type 2 diabetes mellitus (n 72). The mean of the differences (
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Fig. 2 Bland—Altman plots to evaluate the agreement between the values of protein intake estimated from: (a) the second FFQ with
24 h urinary urea-N output as biomarker and (b) mean of the 3d weighed diet record (WDR) with 24 h urinary urea-N output as

biomarker; validity study among Brazilian patients with type 2 diabetes mellitus (n 72). The mean of the differences (

) and their

limits of agreement (—— - — — ) are shown. The values of protein intake estimated from the FFQ and WDR were energy-adjusted

protein intake, the correlation coefficient was 0-597
(P=0-001D) between the values obtained from the FFQ
and the 3d WDR, 0-414 (P<0-001) between values
reported from the FFQ and estimated from the biomarker
and 0-907 (P<0-001) between values obtained from the
3 d WDR and estimated from the biomarker. Therefore, the
correlation between the protein intake from the FFQ and
the true intake was 0-522 (95 % CI 0-414, 0-597), according
to the formula proposed by the method of triads®>.
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Discussion

The FFQ constructed to evaluate the usual diet of Brazilian
TDM?2 patients had adequate validity (moderate correlation
values and appropriate agreement with the reference
standards) and reproducibility to assess the past-month
intakes of energy, macronutrients, GI and GL of patients
with T2DM. This is the first FFQ elaborated based on the
usual intake of patients with diabetes in Brazil.
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In our study, some methodological precautions were
taken into account: we tested the accuracy of the FFQ in a
different sample from the one in which the FFQ was
constructed’”; but in the same population; we selected a
sample of diabetic patients without previous experience
in dietary records; we used reference standards, a 3d
WDR and urinary urea-N output as biomarker, previously
standardized in patients with diabetes*>** and largely
used in diabetic patients by our research group®®>”; and
finally, we included the influence of seasonality on
validity evaluation of the FFQ (applying the tested
instrument throughout the year), because it is known
that portion sizes and food types can vary according to
seasonality .

The correlation coefficients observed in the present
study were within an acceptable range for calibration
studies of diet, between 0-39 and 0-70", although
the energy adjustment method reduced the correlation
values in the reproducibility (see Table 2) and validity
(see Table 3) studies. Possibly, this occurs when the
variability of the nutrient is affected by systematic errors
of under-recording or over-reporting of food consump-
tion'”. Our results were similar to those of other studies
that evaluated FFQ performance #4041,

We observed differences higher than 10% between
intakes from the FFQ and 3 d WDR for some nutrients that
could be explained by under-recording in the WDR®*4®
or by overestimation by the FFQ, especially for fibre
intake (~28%). In fact, previous studies have demon-
strated that FFQ tend to overestimate energy and nutrient
intakes compared with different dietary assessment
methods“*%. The food groups present in the FFQ that
could contribute to an overestimation of fibre intake are
‘vegetables and legumes’ and ‘fruits’. In future studies, the
inclusion of cross-check questions in the FFQ about
intake of these food groups will be necessary to adjust the
consumption frequency accordingly“”.

An additional assessment using a biochemical measure
can be extremely valuable, considering that no dietary
measure is without error'”. In this sense, the method of
triads is a technique that has been used in studies to vali-
date dietary nutrient intakes“®>%. This method adds a third
variable — a biomarker — with an error independent from
that of the FFQ and the reference method (3d WDR) to
assess the performance to estimate the true (but unknown)
intake by calculating the validity coefficient (p)". In fact,
biomarkers should be used as additional measures because
not all nutrients have biological markers and many are
influenced by factors other than intake, such as bioavail-
ability, metabolism and genetic factors””. Our result from
the correlation of the FFQ measurement with the true
intake for protein (p = 0-522) was moderate and similar to
that described by other authors®*>?.

Regarding the reproducibility of the FFQ, an important
aspect that influences the results is the time elapsed
between applications of FFQ. If the interval is too short, the
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reproducibility could be overestimated, since the participant
remembers the answers of the first questionnaire. On the
other hand, long intervals can reduce the correlations as a
consequence of a real change in dietary patterns’'?. In this
sense, it is suggested that short-term reproducibility studies
should be performed with a time interval of 15-45d®?. In
our study, the FFQ was validated for assessment of habitual
diet of the previous month (short term).

When we analysed the relative validity of the FFQ,
significant correlations were observed for most nutrients
considered and greater values were obtained after the
de-attenuation procedure. These results are in accor-
dance with the known influence of daily intra- and inter-
individual variability of intake” that has been observed
by others >,

Some limitations of the present study can be identified.
We did not evaluate other biomarkers apart from protein
intake. Although we have used the estimation of protein
intake from urinary urea-N as a marker of compliance with
the WDR technique in many studies®*#*%3” o confirm the
adequacy of dietary records, future comparisons with other
biomarkers, such as serum fatty acids and micronutrients or
energy expenditure, must however be performed. Another
possible limitation is that in the current study reproducibility
data were derived from a relatively short-term period.
Long-term reproducibility of the instrument using multi-
ple WDR during at least 1 year and the FFQ performance
for micronutrients should be also evaluated.

Conclusion

In conclusion, we demonstrated that the quantitative FFQ
previously constructed was valid and precise to assess the
usual diet of patients with T2DM. In addition, this easily
applied FFQ can replace the WDR technique, a more
laborious dietary tool.
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