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ABSTRACT

purpose: High intake of cholesterol leads to cardiovascular disruption. Estimating the actual
intake of cholesterol can be beneficial for nutrition intervention. This research aimed to
develop Semi-Quantitative Food Frequency Questionnaire (SQ-FFQ) to estimate cholesterol
intake and analyze its reliability and validity.

Methods: SQ-FFQ was developed by sorting high cholesterol food items in Indonesian food
database and food items' availability. A total of 30 older adults were randomly chosen from
Public Health Center in Jagir District, Surabaya, Indonesia to testits validity. Reliability test
was done by measuring the same developed SQ-FFQ in one-month period, while validity test
was done by comparing SQ-FFQ results with 6-days food record. Statistical analysis used for
reliability test was paired t-test, the Intra-class Correlation Coefficient (ICC), and Cronbach's
o to measure the internal consistency. Meanwhile, validity of developed SQ-FFQ was analyzed
using paired t-test and Bland-Altman.

Results: Reliability of 2 administered SQ-FFQs showed a good agreement based on paired
t-test analysis (p = 0.200), ICC (0.609), and Cronbach's o (0.757). Strong agreement

was found in most of food items, but agreements for egg yolk and fried duck were poor.
Significant difference was found between those food items (p = 0.001 vs. p < 0.001,
respectively) with mean difference were -25.3 mg and 46.2 mg. Validity of developed SQ-
FFQ2 compared to 6-days food diary records also found a strong agreement based on paired
t-test and the Bland-Altman analysis.

Conclusion: This baseline research provides a reasonably valid and repeatable measure of
cholesterol intake estimation that can be widely used in nutrition and public health study,
especially in Indonesia. No study has been conducted in Indonesia on the development of
tools to estimate the cholesterol intake.

Keywords: cholesterol, elderly, food frequency, hypercholesterol, nutrition assessment

INTRODUCTION

One of the Human Development Index (HDI) indicators is determined by life expectancy.

In 2018, HDI of Indonesia reported to be 0.707, increased from the last decade but lower
compared to HDI of China, Philippines, East Asia and the Pacific [1]. This increase can be
associated with the increase in life expectancy which is in line with the increase in the elderly
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population. In Indonesia, there is an increase in the percentage of the elderly population in the
last 20 years from 1994 to 2017 seen from the population pyramid [2]. To date, total population
of older adult in Indonesia reached 19,000 people (8% of total population) and predicted to
increase twice in the next 10 years [3]. Elderly is an age group sensitive to nutrition because of
changes in nutritional needs due to a decrease in metabolic function. An increase in the elderly
population can be associated with an increase in the prevalence of diet-related chronic diseases,
such as heart disease to stroke. World Health Organization reported 4 out of 10 deaths in the
elderly caused by cardiovascular disease [4]. InIndonesia, the same epidemiological trend was
seen where an increase in the prevalence of degenerative diseases began to be seen, for example
in stroke from 8.3 per 1,000 in 2007 to 12.1 per 1,000 in 2013 [5].

One of the causes of heart disease and stroke is the condition of hypercholesterolemia

[6]. Hypercholesterolemia is a metabolic disorder characterized by an increase in blood
cholesterol levels more than 200 mg/dL [7]. This condition is often not realized by most
elderly people without regular blood tests, whereas, hypercholesterolemia can cause
narrowing of blood vessels [8]. Basically, human body naturally produce cholesterol for
60%—75% and 25%—45% accounted from dietary cholesterol [9]. However, excessive
consumption of cholesterol and fat can cause cholesterol accumulation in the blood [8,10].
Further studies proved that the condition of hypercholesterolemia can also cause an increase
in systolic blood pressure [11,12]. La Torre et al. [13] in a case control study even found

that hypercholesterolemia was proven to be an independent and significant factor in the
occurrence of pancreatic cancer. The prevalence of hypercholesterolemia in Indonesia tends
to be increased every year. A study in Bandung among 132 elders aged > 55 years showed
that the prevalence of hypercholesterolemia (> 200 mg/dL) in urban areas was at 26.7%

and 13.6% in rural areas [14]. Another study in Padang, West Sumatra, Indonesia found the
prevalence ofhypercholesterolemia (> 240 mg/dL) reached 56.1% among elders aged 55-85
years old [15], while studies at the Public Health Center (Puskesmas) of North Solo found the
prevalence ofhypercholesterolemia in the elderly up to 77.3% [16].

Based on our preliminary study, it was found that hypercholesterolemia is number 1 disease
among the elderly group. One possible cause is the consumption of high cholesterol foods
[8,10]. Assessments for estimating cholesterol intake tend to be less easy and less visible
only by conducting 24 hours food recall in one day, especially if the interviews are conducted
when the individuals do not consume high cholesterol foods. A study explained that at least
a food record for 3 days can be done as an assessment of food consumption but the method
is often not feasible to do, especially in the elderly group, because that method need a good
respondent's literacy [7]. The Semi-Quantitative Food Frequency Questionnaire (SQ-FFQ)
validity study compared to the 12 x food record in the Mediterranean elderly population in
Spain found good validity in cholesterol intake (Intra-class Correlation Coefficient [ICC] =
0.74), with over-estimation of SQ-FFQ compared to food records [17].

Jackson et al. [18] also validated Food Frequency Questionnaire (FFQ) compared to 12 x
24-hours food recall and biomedical marker, as well as serum cholesterol. The results of

the study demonstrated results that were not significantly different from cholesterol intake
by using FFQ with food recall and the analytical results showed moderate validity (Kw =
0.43), whereas compared to serum cholesterol, FFQ also showed good accuracy (0.24). The
accuracy of estimation of cholesterol intake is important especially in understanding the level
of intake among hypercholesterolemic individual. This depends on the diet measurement
instrument used. The estimation method for intake of FFQ is mostly carried out for the
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assessment of consumption of certain foods in long term, especially in the exposure factor
of degenerative diseases (epidemiological study). The use of FFQ is also useful in diet
assessment because other methods such as food recall or records cannot describe past intake
and are generally more expensive [19]. In Indonesia alone, there is no specific instrument
for estimating cholesterol intake. For this reason, developing an instrument or tool that

can easily measure patterns and the amount of cholesterol consumption in a certain period
of time is very necessary to determine the level of individual cholesterol consumption and
support diet therapy given especially to the elderly with hypercholesterolemia condition.

METHODS

Study design and sampling

This research was a descriptive study using cross sectional study design. It was done in Jagir
Public Health Center working area, Surabaya City, Indonesia. The population was all elderly
with history of hypercholesterolemia (total cholesterol > 200 mg/dL). Elderly is defined as
people aged = 60 years based on national health board policy (No. 25 of 2015). Then, sample
was selected using simple random sampling technique which was previously screened by
inclusion and exclusion criteria. The inclusion criteria include elderly who have atleast

one caretaker (family or non-family). Meanwhile, the exclusion criteria include elderly who
previously diagnosed by physician of having other diseases that needs special diet (i.e.,
kidney disease, diabetes, liver disease, etc.).

Based on the results of the literature review, a sample of 30 people was sufficiently used in
conducting validation study [19]. Therefore, in this study, 30 elderly people were taken as
subjects with an additional of 20% to anticipate a high dropout rate because the research was
conducted in a relatively long time so that a total of 36 elderly people was used as the research
samples.

Development process of SQ-FFQ

This study conducted in 2 phases; first phase focusing on the development of SQ-FFQ tool
and the second phase objected the reliability and validity of the questionnaire. To develop

the SQ-FFQ to estimate cholesterol intake, we collected several food items that contain high
cholesterol based on Indonesian Food Composition Database, then sorted it out using survey
of food availability. We eliminated the food item that was not available around the study site.
Hereafter, pre-test was conducted to test the first developed SQ-FFQ. If the intake of one or
more food items was zero (0), the food item(s) was deleted. The result of developed SQ-FFQ
is shown in the result section.

In the first phase, the development of SQ-FFQ was done using 3 different approaches in
collecting cholesterol-rich foods, first, by analyzing the cholesterol content in the Indonesian
Food Composition Database, observing the availability of high cholesterol foods in the

study site, and a preliminary study on 10 elderly with hypercholesterolemia condition to get
an idea of their habit regarding the cholesterol-rich foods consumption. After SQ-FFQ was
developed, the initial pre-test was carried out as a screening of which types of food were
consumed more frequently and which never consumed in order to modify the initial SQ-FFQ
and get an accurate picture of the type of high cholesterol food list. After the pre-test, we
deleted food items that have never been consumed by the respondents. Then, results of the
SQ-FFQ pre-testwere tested for its validity and reliability.
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In the second phase, a validation study was conducted on 30 selected elderly people.
Validation was done by comparing developed SQ-FFQ with 6-days food diary records. Food
diary record was one type of methods of measuring food intake where the subject or caregiver
wrote down the type and amount of food consumed in one day because older adults might
have impaired cognitive function that interfere food record administration. Food records are
considered the gold standard in food intake assessment, especially the type of weighted food
record [19]. This method is also recommended because it does not require memory so it can
minimize errors. Each elderly person was provided a food diary book to write down all food
consumed. In addition to food diary books, respondents were given food photographed book
that can help them estimate the amount of food consumed. The researcher also reminded
respondents to write down the food consumed through short text messages (SMS). The
second phase of validation study took ap proximately 4 weeks to be finished. In the first

week, first SQ-FFQ was administered, followed by the administration of 3-days food diary

in the upcoming weeks and another 3-days food records in the third week. In the fourth
week, second SQ-FFQ was done to check reliability of developed SQ-FFQ. The scheme below
illustrates the process of validity studies (Fig. 1).

Assessment of blood cholesterol level

Blood cholesterol level was assessed by direct method (homogenous assay). Respondents
were asked to fast for 12 hours before the blood collection. The blood was taken from vena,
done by medical analyst. Then, analysis was performed by Prodia Laboratory (Indonesia).

Data analysis

To analyze the result, Shapiro-wilk test was performed to check the normality of the data.
Descriptive data analyses included: age, weekly expense, cholesterol level, gender, medical
history, education level, and number of family members. Test-retest reliability of the
developed SQ-FFQ was tested using paired t-test to determine the level of intake difference of
2 SQ-FFQs with significance level < 0.5. Furthermore, the ICC test was also conducted for the
analysis of the level of agreement between 2 SQ-FFQ repetitions, in which ICC values < 0.40
indicating “poor reliability”, 0.40-0.76 indicating “good reliability” and > 0.76 indicating
“excellent reliability” [20]. Internal consistency reliability was tested using Cronbach a, in
which @ <0.50 indicating poor reliability, o= 0.50-0.70 indicating moderate reliability, and «
= (0.70-0.90 indicating good reliability [21]. Validity test was used to analyze the differences
in estimated cholesterol collected using SQ-FFQ and food diary records. The statistical paired
t-test was used to determine the level of difference in intake of SQ-FFQ2 and food diary
records. Significance level of 0.05 was used to interpret the findings. The accuracy of SQ-
FFQ in estimating cholesterol intake was analyzed using Bland-Altman test to measure the
aggregate strength and relative validity between SQ-FFQ and food diary records [22].

This study was ethically approved by the Health Research Ethics Committee, Faculty of
Public Health, Universitas Airlangga (Institutional Review Board [IRB] number: 372-KEPK).
Informed consent was obtained from all participants before the study conducted.

1st week 2nd week 3rd week 4th week
| | | | .
| »

| | |
SQ-FFQ1 3-days food records  3-days food records SQ-FFQ2

Fig. 1. Validity test process. Process of SQ-FFQ reliability and validity study. For reliability test, first administered
was assessed in 1st week the followed 2nd SQ-FFQ in the 4th week. During one-month period, 6-days food diary
record was done and used as a tool to validate the developed SQ-FFQ.

SQ-FFQ, Semi-Quantitative Food Frequency Questionnaire.
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RESULTS

Development of SQ-FFQ to estimate cholesterol intake

Development of SQ-FFQ to estimate cholesterol intake was done using 2 different
approaches. First, we compiled 30 food items that high in cholesterol level based on
Indonesian food database and related research. Second, we assessed the availability of
food items around the study area and eliminated foods that were not available. Twenty-six
food items were compiled from the second phase. At the end, 25 food items were collected
to measure the cholesterol intake. List of food items added in SQ-FFQ questionnaire is
presented in Table 1.

Baseline characteristics

Table 2 presents characteristic of the subjects. The mean of subject's age was 69.0 years and
the mean number of children was 3.4. Of these, 62.1% were the extended family meaning
that most of the elderlies were still living with their children-in-law and grandchildren. In
addition, most of the older adults were retired (75.9%]), only 24.1% that still independently
working. Age, number of children, family type, and working status were not significantly
different between male and female subjects. However, height and weight were significantly
higher in male subjects while body mass index was significantly higher in female subjects.
Blood cholesterol level was higher in female elderlies (225.6 mg/dL) compared to male
elderlies (201.4 mg/dL) but not statistically different.

Table1. List of food items in developed SQ-FFQ

No. Food item No. Food item
1 Egg yolk 4 Cow's milk (UHT)
2 Chicken liver 15 Squid
3 Chicken gizzard 16 Shrimp
4 Chicken lymph 17 Quail eggs
5 Chicken heart 18 Ote-ote (shredded vegetables fritter)
6 Chicken skin 19 Tahuisi (fried filled tofu)
7 Butter/shortening 20 Tempe menjes (fried tempeh)
8 Cow lungs b Fried duck
9 Beef tripe 22 Fried tofu
10 Gravel 23 Fried tempe
il Meatball 24 Fried animal protein
12 Lamb 25 Fried vegetables
13 White clam

SQ-FFQ, Semi-Quantitative Food Frequency Questionnaire; UHT, ultra-high temperature.

Table 2. Baseline characteristics of subjects

Variables Male (n=19) Femnale (n =21) Total (n = 30)
Age (yrs) 74.4 (1.7) 67.0 (10.0) £9.0 (9.9)
No. of children 3.6 (1.5 3.3(1.9) 3.4 (1.8)
Family type

Nuclear family 4 (50.0) 7(33.3) 11 (37.9)

Batih family 4 (50.0) 14 (86.7) 18 (B2.1)
Work status

still working 3(37.5) 4(19.0) 7 (242)

Pension 5 (62.5) 17 (81.0) 29 (75.9)
Height (cm)? 159.3 (4.4) 146.0 (6.4) 149.6 (8.4)
Weight (kg)" 65.4 (10.9) 55.2 (13.0) 58.0 (13.0)
Body mass index (kg/m)" 25.7 (0.4) 25.8 (0.5) 95.8 (4.8)
Cholesterol level (mg/dL) 201.4 (39.0) 205.6 (43.0) 218.9 (42.7)

Values are presented as mean (standard deviation) for continuous variables and number of subjects (%) for
categorical variables.
Ustatistically significant at p-value < 0.05.
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Table 3. Reliability of developed $Q-FFQ using paired t-test”

Variable SQ-FFQ1(n =29) SQ-FFQ2 (n=29) p-value
Cholesterol 150.5 +130.5 135.2 £127.6 0.200
Values are presented as mean + 5D.

SQ-FFQ, Semi-Quantitative Food Frequency Questionnaire.
Ustatistically significant at p-value < 0.05 using paired t-test.

Table 4. Strength of agreement and internal consistency between mean daily cholesterol intakes derived from
SQ-FFQ1 and SQ-FFQ2

Variable Icc Cronbach's

Daily cholesterol intakes 0.609 0.757

ICC, Intra-class Correlation Coefficient; SQ-FFQ, Semi-Quantitative Food Freguency Questionnaire.

Reliability

Reliability of the developed SQ-FFQ was assessed using several statistical analyses namely
paired t-test, ICC and Cronbach's «. Paired t-test analysis (Table 3) showed that there was no
significant difference between firstand second administered SQ-FFQ, the mean daily intake
of cholesterol at first SQ-FFQ was 150.5 mg and 135.2 mg at the second SQ-FFQ. These results
indicated that the developed SQ-FFQ has a good reliability.

Strength of agreement between 2 administered SQ-FFQ using ICC (Table 4) showed the result
of 0.609 meaning that our developed SQ-FFQ showed a good reliability, in other words, the
level of agreement between 2 administration was good. The Cronbach's o analysis scored 0.757,
which indicate the good intemal consistency between 2 administered SQ-FFQs (Table 4). Based
on further ICC analysis of test-retest reliability, strength agreement was found in most of food
items, but agreement for egg yolk and fried duck were poor. Significant difference was found
between those food items (p = 0.001vs. p < 0.001, respectively) with mean difference was -25.3
mg and 46.2 mg.

Validity

We measured the validity of our questionnaire using paired t-testand the Bland-Altman
analysis. Paired t-test resulting in p-value of 0.162 indicates that there was no significant
difference of cholesterol intake assessment using our developed SQ-FFQ and 6 days food diary
records (Table 5). The Bland-Altman analysis was done to identify strength of agreement
between cholesterol intakes derived from SQ-FFQ2 and the repeated food diary records. The
result showed that cholesterol intake assessed using repeated food diary records has higher
estimation than SQ-FFQ2. Good agreement was found in estimated mean cholesterol intake
(p=0.928) (Table 6).

Table 5. Validity of developed SQ-FFQ using paired t-test

Variable SQ-FFQ2 (n=129) 6D FDR (n=29) p-value?
Cholesterol 135.2 +£127.6 137.6 +53.4 0.62
Values are presented as mean + 5D.

SQ-FFQ, Semi-Quantitative Food Frequency Questionnaire; 6D FDR, 6 days false discovery rate.
Ustatistically significant at p-value < 0.05 using paired t-test.

Table 6. Strength of agreement using the Bland-Altman method between cholesterol intakes derived from SQ-FFQ2
and the food diary record

Variable Mean + 50" Limit of agreement p-value
Lower Upper
Cholesterol 2.44 +121.8 -52.9 57.9 0.928

SQ-FFQ, Semi-Quantitative Food Frequency Questionnaire.
IMean difference of cholesterol intake (food diary record - SQ-FFQ2).
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DISCUSSION

Based on several statistical analysis, our study success in revealing a good reliability and
validity of developed SQ-FFQ to estimate daily cholesterol intake among elderly. National
Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults categorizes plasma cholesterol level 200-239
mg/dL included as borderline high and = 240 mg/dL defines as high [23]. This health
problem can be treated by eliminating several high cholesterol food items [24]. Otherwise,
long exposure of hypercholesterolemia can lead to heart disease and stroke [6]. Our study
aimed to evaluate the test-retest reliability and the validity of SQ-FFQ. Our present study
evaluated the reliability and validity of SQ-FFQ to estimate the cholesterol intake of the
elderly. In the future, this tool can be used as a short tool to understand patients' cholesterol
intake and evaluate their diet.

Testing the test-retest reliability of the developed questionnaire is important to detect
whether the same measurement taken in different time could give the similar results.

The repeatability of the cholesterol SQ-FFQ was fair in major foods tested. Chicken liver,
chicken gizzard, chicken lymph, chicken heart, chicken skin, cow lungs, beef tripe, gravel,
meatball, lamb, white clam, cow's milk (ultra-high temperature), squid, shrimp, quail eggs,
ote-ote (shredded vegetables fritter), tahu isi (fried filled tofu), tempe menjes, fried tofu,
fried tempeh, fried animal protein (fried chicken, fried beef, fried egg), and fried vegetables
showed a good repeatability with ICC between 0.4-0.75 and butter/shortening showed

an excellent repeatability (ICC > 0.75). However, egg yolk and fried duck showed a poor
repeatability with ICC < 0.4. This result was explainable because we hypothesize that older
adults in our study previously known that egg yolk and fried duck should be avoided. The 2
repeated SQ-FFQ was done 4-weeks apart, during first to fourth week, the respondents might
sometimes still consume those foods, resulting low consistency in the analysis.

One important factor that could affect repeatability of developed SQ-FFQ was the test-retest
interval between the 2 administered SQ-FFQ. Shorter interval between 2 of those may cause
the respondent to memorize their intake the.t can lead to overestimation of the intake
because of memory bias. On the other hand, if the interval is too long, the dietary pattern
may have actually changed, which can lead to an underestimation of reproducibility [24].
Based on a comprehensive review, the time interval in published reports ranges from 2 hours
to 15 years for test-retest reliability [25]. Our results showed that the first SQ-FFQ showed a
higher cholesterol intake compared to the second one but it was not different statistically.
This can indicate that one-month test-retest of SQ-FFQ cholesterol is suitable.

To measure our developed SQ-FFQ validity, we used second SQ-FFQ instead ofthe first
administered SQ-FFQ because the former covers the same time period (i.e., previous month)
as the 6 days false discovery rate (FDR) use.ﬂs the reference for the first-time usage. Our
SQ-FFQ tended to report lower cholesterol intake than the diary records, which indicates
that the former method may underestimate cholesterol intake to some degree. On the other
hand, this may just be reflecting th.'the diary record overestimates the cholesterol intake.
The B]and—‘man plot showed the relationship between difference in the daily intake of
.wlesterol estimated with the second FFQ (SQ-FFQ2) and 6 days dietary records (FDR), and
mean daily intake estimated by the 2 methods. Mean intake of cholesterol was found to be
higher while estimation using 6-days food diary record compared to estimation using SQ-
FFQ2. However, the difference was not significantly different (p > 0.05) and the SQ-FFQ2 still
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showed a good agreement to estimate the daily cholesterol intake. Dif’fe.it from our result,
study among Mediterranean elderly confirmed a general overestimation of the consumption
of food groups and of nutrient intake by the SQ-FFQ compared to 12 days food records [17].

To our knowledge, there was no previous study published aimed to develop and validate
dietary assessment method SQ-FFQ to estimate daily cholesterol intake so that the novelty
canbe guaranteed. A major strength of this study is that the SQ-FFQ developed for elderly
using a visualized portion size of foods which ease the elderly to estimate and answer

their intake, also allowing them to point a finger at a particular portion size when asked

to estimate consumption of a food. However, several limitations were also pointed out.
First, the sample size was quite small and study done in Surabaya city only, which might not
applicable for other cities in Indonesia. A further study in other cities would be needed to
validate our developed SQ-FFQ. Another limitation noted is that the SQ-FFQ sources of error
such as being reliant on subjects' memory, and may be biased due to underestimation or
overestimation should also take into account [26].

SUMMARY

Our developed Semi-Quantitative Food Frequency Questionnaire (SQ-FFQ) for assessing
cholesterol intake proves to have good reliability and validity and can be used as a useful
instrument. However, its validity can be improved by eliminating food items which was
scarcely consumed. Further study to validate this SQ-FFQ to different age group population
by using biochemical indicator (total cholesterol, triglyceride, high density lipoprotein and
low density lipoprotein level) can be done for a better understanding.
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