Hayka u 3apaBooxpanenue, 2024 T.26 (2) OpurnHajibHOe HcCIe0BaHue

Received: 08 November 2023 / Accepted: 15 April 2024 / Published online: 30 April 2024
DOI 10.34689/SH.2024.26.2.004

UDC 613.2.03

A COMPARATIVE ANALYSIS OF 24-HOUR DIETARY RECALLS
AND FOOD FREQUENCY QUESTIONNAIRES ADMINISTERED
SIMULTANEOUSLY IN THE KAZAKHSTANI POPULATION

Ayaulym F. Nurgozhina?, https://orcid.org/0000-0001-7042-4763

Laura Y. Chulenbayeva!, https://orcid.org/0000-0002-8691-9485
Zhanel Y. Mukhanbetzhanova, https://orcid.org/0000-0001-8833-5048
Darya T. Sadvokassova, https://orcid.org/0000-0003-1138-2078
Shynggys D. Sergazy1, https://orcid.org/0000-0002-6030-620X
Nurislam A. Mukhanbetzhanov, https://orcid.org/0000-0002-6708-7871
Madiyar A. Nurgaziyev, https://orcid.org/0000-0003-2397-4978

Argul A. Issilbayeva, https://orcid.org/0000-0002-7350-6083

Elizaveta A. Vinogradova?, https://orcid.org/0009-0003-1845-2726
Almagul R. Kushugulova?, https://orcid.org/0000-0001-9479-0899

! National Laboratory Astana, Nazarbayev University, Astana, Republic of Kazakhstan;
2JSC “National Research Cardiac Surgery Center”, Astana, Republic of Kazakhstan.

Introduction: Dietary habits and eating patterns of individuals have a significant impact on overall health. Proper
nutrition is vital to preventing chronic diseases and improving physical and mental performance. Kazakhstan, a rapidly
developing country in Central Asia, offers a unique opportunity to study the diverse dietary behavior of its population due to
cultural, ethnic and geographic differences.

Purpose: to study dietary habits and nutritional status of persons aged 18 years and older in various regions of
Kazakhstan.

Materials and methods: The study was conducted over a period of six months and covered urban and rural areas of
various regions of Kazakhstan, including large cities such as Astana, Almaty and Aktobe, as well as their surrounding rural
areas. A stratified sample of 370 participants was used and were randomly selected from each stratum to ensure
representativeness. Statistical analyzes included determination of dietary patterns, assessment of agreement between food
frequency questionnaires and 24-hour recalls, and correlation and visualization of agreement between these methods using
Bland-Altman plots. To improve the accuracy of food intake estimates, Willett energy adjustment was applied using Python
3.9 and associated libraries (NumPy, SciPy, pandas, Scikit-learn).

Results: In this study, conducted in different regions of Kazakhstan, significant regional differences in food intake and
nutritional status were observed among 370 participants. A comparative analysis of food frequency questionnaires (FFQ) and
24-hour recall showed that urban residents tend to have higher consumption of processed foods, whereas rural residents are
more likely to consume traditional, minimally processed foods. This difference highlights the influence of geography, culture,
and economic factors on eating habits. Urban and rural settings exhibited unique dietary patterns: urban areas experienced
greater diversity in food consumption, but also a higher propensity for nutrient inequalities.

Conclusions: Combining multiple dietary assessment tools and using larger sample sizes may improve the accuracy
and reliability of dietary data. Additionally, education and training of participants in portion size estimation and dietary
reporting may help improve the quality of data collected using these methods. In conclusion, the study shows that the FFQ
and 24-hour recall methods are reliable and correlate well in assessing intake of essential nutrients in Kazakhstan.

Keywords: Nutritional status, dietary habits, urban-rural disparities, Kazakhstan, Food Frequency Questionnaire (FFQ),
24-hour recall, nutrient intake, dietary patterns.
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BBepeHue: [lneTnyeckme NpuBbIYKM U PEXWAM NUTAHUS JIIOAEN CYLIECTBEHHO BMNSIOT Ha 00LUee COCTOSIHUE 3[OPOBbS.
[MpaBunbHOE NUTaHWE NUMEET XU3HEHHO BAXKHOE 3HaYeHUe Ans NPeAoTBPALLEHUS XPOHUMYECKIX 3aBoneBaHnin U NOBbILLEHUS
hu3n4eckon M ymcTBeHHoM pabotocnocobHocTu. KasaxctaH, BbICTpo passuBarowlasca ctpaHa B LleHTpanbHom Asuu,
npeanaraeT YHUKanbHY0 BOSMOXHOCTb M3yunTb pasHOODbpasHoe NuLLEBOE NOBEAEHWE CBOEro HaceneHusl, 0bycrnoBneHHoe
KyNbTYPHBIMU, 3THAYECKMMU U Teorpachn4eckumMm pasnniusamm.

Llenb: n3yuntb 0COGEHHOCTM NUTAHMS U CTaTyC MUTaHWUS y NUL B Bo3pacTe 18 neT u cTaplue B pasnuyHbIX PErvoHax
KasaxcraHa.

Matepuanbl u metogbl: MccnenoBaHue NpOBOAWNOCH B TEYEHME LUIECTW MECALEB M OXBATbiBANO ropofckue u
CenbCKue panoHbl pasnuyHbIx pernoHoB KasaxcraHa, BKMKoYas KpynHble ropoga, Takve kak Actana, Anmartbl n Aktobe, a
TakKe NpunerawLwme K HAM CenbCkie panoHbl. bbina ncnonb3osaHa cTpatuduumMpoBaHHas Bbibopka 13 370 y4acTHUKOB,
koTopble Obinu CcnyyaiHbiM  06pa3oM BbibpaHbl M3 Kaxgol cTpathl, 4TOOblI 00EcneunTb penpes3eHTaTUBHOCT.
CraTuCTHYeCKnin aHanu3 BKMKYan onpegeneHne CTPYKTypbI MULLEBOTO PaLMOHa, OLEHKY COOTBETCTBUS MEXAY aHKeTami Mo
4acToTe npuema nuM W 24-4acoBbiMW OT3bIBAMK, @ TakKe KOPPENAUMIO W BU3yanu3auuio COrnacus Mexay STUMM
MeTogamu C MCMoMnb3oBaHMeM rpadukoB brnaHga-AnbTMaHa. [ns MOBLILWEHUS TOYHOCTW OLEHOK MOTPEbneHns nuim
NMpUMeHsNach SHepreTudeckas KOpPeKTUpoBKa Yunnetra ¢ ucnons3osaHnem Python 3.9 u cooTBeTcTBYIOWMX BMONMOTEK
(NumPy, SciPy, pandas, Scikit-learn).

PesynbTatbl: B 3TOM WccnenoBaHuM, NPOBELEHHOM B pasfMyHbIX pervoHax KasaxcraHa, cpegu 370 yyacTHWKOB
Habnaanucb 3HauNTeNbHbIE PEMVOHaNbHbIE pasnuuus B NOTpebneHnn nuwm v ctatyce nutaHus. CpaBHUTENbHBIN aHanu3
OnpoCHMKOB YacToThl nutaHus (FFQ) n 24-yacoBblx BOCMOMWHAHMIA MOKa3as, YTO XWTEMM roOpOdOB UMEIOT TEHAEHLMIO K
Oonee BbicokoMy noTpebrneHuto 0BpaboTaHHbIX MULLEBLIX MPOLYKTOB, TOrAa Kak JKUTENM CenbCKOA MECTHOCTM valle
noTpebnsioT TPaaMLMOHHbIE, MUHUMANBHO 0OpaboTaHHble NpodyKThl. ATO pasnuume NoLYEPKMBAET BRMSHUE reorpaduy,
KyNbTYpbl M 9KOHOMUYECKMX (DAKTOpPOB Ha MULLEBble MPWBLIYKWA. B ropoackux W Cenbckux YCnoBwsx Habnioganuch
YHUKanbHbIE MOZENW NUTaHWs: B FOPOLACKMX paiioHax Habnwoganock 6onbluee pasHoobpasue B NOTPEDBNEHUM NMPOaYKTOB
NUTaHKS, HO TaKkkKe M Bonee BbICOKas CKIIOHHOCTb K HEPABEHCTBY B NUTATENbHbIX BELLECTBAX.

BoiBogbl: CoueTaHue HECKOMbKMX WHCTPYMEHTOB OLIEHKM MUTaHWS W 1CMonb3oBaHWe BbiOOpkM Bonbluero pasmepa
MOXET MOBbLICUTb TOYHOCTb M HAZLEXHOCTb AaHHbIX O nuTaHun. Kpome Toro, ofyyeHue W NOATOTOBKAa Y4YaCTHWKOB MO
BOMPOCaM OLEHKW pasmepa NOpUMIA W COCTaBMEHUS| OTYETOB O AWETE MOFYT MOMOYb MOBBLICUTL KAYECTBO AaHHBbIX,
cobupaemMbix C MOMOLLBI 3TMX METOZOB. B 3akmioueHWe uccnefoBaHWe nokasblBaeT, YTo Metogbl FFQ u 24-yacosoro
0T3bIBa HAZEXHbI M XOPOLLO KOPPENMPYIOT NPY OLEHKe NOTPEDONEHNS OCHOBHbIX NUTATENbHbIX BELECTB B KasaxcraHe.

Knroyeebie crmosa: cmamyc numaHusi, nuuesblie npusbiyku, pasnuyus mexdy 2opodom u OepesHell, KasaxcmaH,
0NpocHUK Yyacmoms! npuema nuwu (FFQ), 24-4acosoli om3big, nompebeHue numamerbHbIxX 8eWecms, Modenu nUmaHus.
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Kipicne: XXeke agamzaapablH TamakTaHy aeTTepi MEH TaMaKTaHy yNrinepi xannbl AeHcaynblkka anTaprblKTai acep
eteni. CosbinManbl aypynapiblH, angbliH any XoHe (u3ukanblk XaHe Ncuxukanblk eHIMAINIKTI kakcapTy YLWiH AypbIC
TamakTaHy ete MaHbi3gbl. OpTanbik Ausaarbl KapKblHAbl Aambln Kene xaTkaH KasakctaH MoaeHu, STHUKarbIK XoHe
reorpadusnbiK epekiueniktepre 6annaHbICTbl ©3 XxankbiHbIH 9pTYpni AveTansk TopTibiH 3epTTeyaiH Biperen MyMKiHIMH
yCblHaAbI.

Makcatbl: KasakcTaHHbIH, SpTypni aimakTapblHgarbl 18 xactaH ackaH agampapfblH, TaMakTaHy S4eTTepiH XaHe
TamaKTaHy XaffanblH 3epTTey.

Matepuangap MeH apgictep: 3eptTey antbl an 6Gombl XKyprisingi xoHe KasakcTaHHbIH OpTypni alMaKkTapbiHbIH
Kanarblk XoHe aybinablK XeprepiH, COHbIH, iwiHae AcTaHa, AnmaTbl xoHe AkTebe CusiKTbl ipi Kananapfbl, COHAa-aK
onapablH MaHblHAarbl aybingblk engi Mekenaepdi kamtblgbl. 370 KaTbiCylWwblgaH TypaTbiH CTpaTUdMKaLManaHFaH ipikTey
nanganaHbingbl XeHe pPenpe3eHTaTUBTINIKTI KaMTamachI3 eTy yWiH ap kabaTtTaH ke3gencok TaHaangsl. CtaTucTukanbik
Tangaynap aueTanblk yarinepai aHblkraygbl, Tamak Kuiniri cayanHamackl MeH 24 cafaTTblK ecke TYCipy apacbiHhafbl
kenicimgi  Garanmaygbl, coHpam-ak  bnaHg-AnTmaH - ClOXeTTepiMeH  OCbl  SAICTep  apacblHOarbl  COMKECTIKTI
BM3yanusauusanaygbl Kamtuabl. A3bIK-TYNiKTi TyTblHyAbl GafranaygblH AONAiriH KakcapTy YWiH YWnnetT SHeprusicblH
petTey Python 3.9 xoHe ofaH KatbicTbl kiTanxaHanap (NumPy, SciPy, pandas, Scikit-learn) apkbinbl KongaHbIngsi.

Hotuxenep: KasakcTaHHbIH 9pTypni aimakTapbiHaa xyprisinreH 6yn septreyae 370 KaTbICYLLbIHbIH, apacbiHaa asblk-
TYNIKTi TYTbIHY MEH TaMaKTaHy XaffaWblHOarbl eneyni anmakTblK albipmalbinbikTap Gankangbl. A3bIK-TYMIK Kuiniri
cayanHamacbiH (FFQ) xoHe 24 caraTTblk ecke Tycipydi canbiCTbipManbl Tanjay Kana TypFbiHAapbIHbIH ©HAENreH
TaFampapabl kebipek TyTbiHATbIHbIH, an aybiil TYPFbiHAAPbIHBIH ABCTYPNi, €H a3 eHAenreH Taramgapabl TYTbIHYbI
bIKTUMan €eKeHiH kepceTTi. byn aiblpMallbinblK reorpadusiHbiH, MOAEHUETTIH XoHe SKOHOMMKanbIK hakTopnapabiH
TamaKTaHy a7eTTepiHe acepiH kepceTefi. Kananbik xaHe aybinablK xepnep Oipereit oueta ynrinepiH kepceTTi: Kananblk
ayaaHoap asblK-TYNIKTi TYTblHYAa YIKeH 9pTypninikTi 6actaH kewwipai, COHbIMEH Bipre KOpEKTiK 3aTTapAblH TeHCi3giriHe
Geiimainik xofapbl 6ongbl.

KopbITbiHabI: IneTaHbl 6aranayabiH, bipHewe KypanaapbiH BipikTipy xaHe ipikTeyaiH, ynkeH enwemaepiH nanganaHy
AVeTa OepekTepiHiH, 4onAir MeH CeHiMainiriH apTTbipybl MyMKiH. ByFaH Koca, KaTbiCylbinapasl ynec MenwepiH baranay
XOHe aneta Typarnbl ecen Gepy BoMbIiHLWA OKBITY X8HE OKbITY OCbl 9iCTepai KonpaHy apKblfibl XUHaNFaH AepekTepaiH
canacbIH XaKkcapTyFa kemekTecyi MymkiH. KopbiTbiHabInai kene, 3eptrey FFQ xoHe 24 caraTtTbik ecke TyCipy SAicTepi
ceHimai xoHe KasakctaHgarbl MaHbi3abl KOPEKTIK 3aTTapablH TYTbIHYbIH 6aFanayaa xakCbl COMKEC KeNeTiHiH kepceTesi.

Tylindi ce3dep: TamakmaHy Kyli, mamakmaHy 80emmepi, Kana MeH aybll apacbiHOarbl OUChPONOPUUS,
KasakcmaH, AsbiK-mynik Xuiniei cayanHamacs! (FFQ), 24 carammbiK ecme cakmay, Kopekmik 3ammapObi Kabbinday,
duema yneinepi.
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Introduction interventions and policies aimed at improving public health
The dietary habits and nutritional patterns of individuals ~ outcomes. Due to the diverse cultural, ethnic, and
play a pivotal role in maintaining overall health and well-  geographic characteristics of Kazakhstan, a rapidly

being. Proper nufrition is crucial for preventing various  developing nation in Central Asia, the population exhibits
chronic diseases and promoting optimal physical and unique dietary habits.

mental performance. Understanding the dietary behaviors Despite the significance of dietary habits in influencing
of diverse populations is essential for developing targeted health, there is a lack of comprehensive research exploring
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the dietary intake and nutritional status of individuals
residing in different regions of Kazakhstan.

Considering this knowledge gap, the present study
sought to investigate the dietary intake patterns and
nutritional status of individuals aged 18 years and above
from various regions of Kazakhstan. By comprehensively
examining the dietary behaviors of the Kazakh population,
this research aims to shed light on regional differences in
nutritional practices and identify potential areas of concern
or improvement in dietary choices. The findings from this
study will not only provide valuable insights into the
nutritional health of the population but also serve as a
foundation for designing targeted health interventions and
public health strategies to address any identified nutritional
disparities.

Hypothesis: Based on the diverse geographic and
cultural landscape of Kazakhstan, we hypothesize that
there will be significant regional variations in dietary intake
and nutritional status among individuals aged 18 years and
above. Factors such as geographical location, cultural
traditions, and economic conditions are expected to
influence dietary patterns, leading to variations in the
consumption of different food groups and nutrients across
different regions. Additionally, we anticipate that urban
centers may exhibit different dietary behaviors compared to
rural areas, reflecting varying access to food sources and
lifestyle choices.

To test our hypothesis, we have recruited participants
from multiple regions of Kazakhstan, encompassing both
urban and rural settings, to ensure a representative sample.
Utilizing a combination of Food Frequency Questionnaires
and 24-hour recalls, we will assess the participants' dietary
habits and intake of essential nutrients. Furthermore, we will
employ the Automated Self-Administered  Dietary
Assessment Tool (ASA24) and the FFQ EPIC Tool for
Analysis (FETA) to comprehensively evaluate nutrient
intake and dietary composition. Through this study, we aim
to provide valuable insights into the dietary behaviors and
nutritional status of the Kazakh population, enabling the
development of targeted strategies to promote healthier
eating habits and overall well-being in the country.

Aim To study dietary patterns and nutritional status of
population aged 18 years and older in various regions of
Kazakhstan.

Materials and Methods

Participant Recruitment: In this study, a total of 370
individuals, including both males and females, aged 18
years and above, were recruited from various regions in
Kazakhstan. The only inclusion criterion for participants was
their age, which had to be over 18 years. No exclusion
criteria were applied.

Survey Administration: The geographical scope of the
study covered both urban and rural areas of various
regions, including large cities such as Astana, Almaty and
Aktobe, as well as rural areas located near these urban
centers.

Ethical Considerations: Prior to any data analysis, all
participants provided their informed consent by signing the
relevant consent documents. The study protocol and
consent documents were reviewed and approved by the
Ethic Committee of the Center for Life Sciences, National
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Laboratory Astana. The research was conducted with the
approval number 02-2022 from 01.04.2022, IORG0006963.

Survey Administration: To collect data, a telegram bot
was developed and utilized as a survey tool. The survey
comprised Food Frequency Questionnaires and 24-hour
recalls. Two questionnaires were adapted to suit an online
format and were made available in two languages: Russian
and Kazakh. Once the telegram bot was tested for
functionality, it was distributed to all study participants.

Dietary Intake and Assessment: Out of the total number
of participants, 231 individuals successfully completed both
questionnaires, and their data were used for the study
analysis. The information from these 231 questionnaires
was inputted into the Automated Self-Administered Dietary
Assessment Tool (ASA24), accessible at
https://asa24.nci.nih.gov/. ASA24 is designed to collect
detailed data on food consumption within a 24-hour period.
Each participant was provided with login credentials for
authorization on the ASA24 website. The questionnaire
included nine categories of meals (e.g., breakfast, brunch,
lunch) and recorded information on the time, location of
food consumption, and media use (e.g., phone, TV, laptop)
during eating. Participants were asked to provide specific
details about the type of food, its preparation method, and
the quantity consumed. Additionally, participants were
required to report the time they woke up and went to bed,
along with their morning well-being and sleep quality.
ASA24 autonomously computed nutrient intake and energy
value for each participant based on the provided data. A
dietary analysis was performed using this information,
considering the participants' well-being and sleep quality.

Food Frequency Questionnaire (FFQ): The Food
Frequency Questionnaire used in this study consisted of
137 questions related to the frequency of consuming
specific food items necessary for maintaining a healthy
lifestyle. Participants were asked to indicate how often they
consumed each food item, and the responses were
recorded on a numerical scale as follows: 1 = never, 2 = 1-3
times per month, 3 = once a week, 4 = 2-4 times per week,
5 = 5-6 times per week, 6 = once per day, 7 = 2-3 times per
day, 8 = 4-5 times per day, and 6 = 6 or more times per
day. All responses were compiled for each participant and
uploaded to the FFQ EPIC Tool for Analysis (FETA),
available at https://www.epic-norfolk.org.uk/for-
researchers/ffq/. FETA was utilized to calculate the intake of
minerals, vitamins, proteins, carbohydrates, and other
nutrients based on the participants' reported food
frequency.

Statistical analysis: To adjust for measurement error
and improve the accuracy of dietary intake estimates, we
also applied the Willett energy adjustment (Willett et al,
1996). The aim of this adjustment is to improve the quality
of the estimates by approximating a total energy intake
based on the relevant demographic characteristics. The
Willett energy adjustment was calculated using a linear
regression model based on age, sex, weight, and height.
This estimated energy intake was then used to adjust the
reported nutrients (marked as “adjusted”). All outlier
measurements lying outside of £3 sd from the sample
mean were removed before calculating the adjustment. As
self-reported ASA27 demonstrated a negative correlation
between weight and energy intake after correction (probably
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due to misreporting), the final correction was based on the
FFQ27 energy estimate for the same subjects, which
exhibited positive correlation. All statistical calculations
were done in Python 3.9, using NumPy 1.21.5, SciPy 1.7.0,
pingouin 0.5.3, pandas 1.5.2 and Scikit-learn 1.2.2 libraries.
Visualization was done using Matplotlib 3.7.1 and seaborn
0.11.2. To assess the agreement between ASA27 and
FFQ27, we evaluated the correlation between estimated
nutrient intakes by calculating Pearson's correlation
coefficient and intraclass correlation coefficient (ICC).
Additionally, we calculated classification error by comparing
per-subject quintile rankings for each parameter and

Table 1. Respondents by city.

City n
Astana 104
Zhansary 47
Almaty 31
Aktobe 21
Semey 15
Ust-Kamenogorsk 10
Kyzylorda, Karaganda, Taraz, Pavlodar, Aktau, Uralsk, [<=3
Abay, Samarskoe, Bishkek, Samarkand, Kokshetau

Table 2. Demographic characteristics of the sample.

cpn§tructed bland-altmlan plots to assess the _pairwise  [Gender Group Frequency
significance  of  differences  between individual Men 129
mea;urerrents and overall measurement biases (Figure 1). Women 102
esults o Total 231
231 respondents took questionnaires; most of them =
Age Min Max Mean * Sd
were from Astana (Table 1). 18 5 37154 1257
To account for consistency in dietary habits, only Heiaht i M M — S g
respondents from Astana (n=104) were selected for eig ; "11 1;; 169?2" 2769
comparison. Demographic characteristics of the selected _ 5 d 5; :
sample are provided in Table 2. Weight Min Max Mean + Sd
Central statistics of vitamin, nutrient, macronutrient 37 115 70.46 £15.76
intakes estimated using ASA27 and FFQ27 in the studied
sample are shown in Tables 3,4,5.
Table 3.
Central statistics of vitamins estimated using ASA27 and FFQ27 in the studied samples.
WX- | WX- | ICC3 | ICC3- | ICC3- p p P spearman- | classification- | diff- ASA27- | FFQ27- | ASA27- | FFQ27- | ASA27- | FFQ27-
[ st p CI95% r r ] [ same- means | sd sd median | median | mean mean
quintile%
Vitamin
B12 0 106 | 017 | 013 -0.13 0.44] | 0.17 0.17 0.25 0.25 0.09 4.85 5.15 429 3.37 9.42 4.90 9.75
VitaminE | 0 108 | 0.16 | 0.13 -0.13 0.44] | 0.16 0.13 0.27 0.36 0.18 3.35 3.10 2.83 6.49 10.03 6.82 10.18
VitaminD | 0.16 | 375 | 0.16 | 0.14 -0.14 0.44] | 0.31 041 0.03 0 0.25 -0.02 352 0.99 2.26 295 3N 3.08
D_TOTAL | 0 199 | 012 | 0.21 -0.18 04] | 0.13 0.12 0.36 041 0.20 238.09 | 213.92 | 366.62 | 125.86 | 305.85 | 190.19 | 428.28
Folate 0 63 0.02 | 043 -0.27 0.32] | 0.02 0.05 0.86 0.70 0.11 -133.73 | 117.28 68.00 371.55 244.02 | 390.05 256.32
Niacin 069 | 461 | 0.02 | 044 -0.27 0.31] | 0.02 0 0.88 0.96 0.20 -1.19 12.92 9.25 22.79 22.65 26.52 25.33
Thiamin 0.14 | 369 | 0.02 | 044 -0.27 0.31] | 0.02 0.08 0.87 0.59 0.11 -0.18 0.58 0.37 1.52 143 1.65 146
Vitamin
B6 0 189 [0 048 | [02903] |0 0.06 0.97 0.67 0.18 0.63 0.89 0.60 1.50 215 1.70 234
Riboflavin | 0 148 | 0 049 | [02903] |0 0.07 0.99 0.63 0.18 0.60 0.62 0.68 1.59 2.28 1.65 2.25
Retinol 0 1 -0.03 | 0.58 | [-0.32 0.26] | -0.10 -0.13 0.51 0.39 0 1297.21 | 197.50 | 1225.63 | 226.08 | 1512.25 | 283.49 | 1580.70
VitaminC | 0.01 | 286 | -0.05 | 0.64 | [-0.34 0.24] | -0.05 0.06 0.71 0.68 0.18 18.89 38.04 32.50 34.64 58.85 4.21 63.11
Carotene,
beta 098 | 493 | -01 | 074 |[03802] [-0.13 -0.19 0.37 0.21 0.11 -316.67 | 2906.86 | 1250.07 | 1274.12 | 1545.34 | 2421.32 | 2104.64
VitaminA | 0 133 [ 010 | 075 | [-0.39 0.19] | -0.19 -0.15 0.21 0.32 0.11 644.90 | 34423 | 1126.59 | 471.11 | 939.27 | 522.00 | 1166.91
Carotene,
alpha 065 | 456 | 011 | 0.76 | [-0.39 0.19] | -0.18 -0.30 0.23 0.04 0.04 -354.68 | 1255.58 | 434.25 | 65.53 177.86 | 807.53 | 452.84
Table 4.
Central statistics of macroelements estimated using ASA27 and FFQ27 in the studied samples.
W | WX- [ ICC3 [ ICC3- [ ICC3-CI95% | pears | sp p classification- | diff- ASA27- | FFQ27- | ASA27- | FFQ27- | ASA27- | FFQ27-
X- | st [ on-r r p p same- means | sd sd median | median | mean mean
p quintile%
Phosphorus | 0 90 0.26 | 0.04 | [-0.04 0.52] | 0.26 0.37 0.08 0.01 0.11 47349 | 37510 | 348.50 | 1087.47 | 1674.95 | 1178.65 | 1652.15
Zinc 0 142 | 021 | 0.08 | [-0.09 0.48] | 0.21 0.30 0.16 0.04 .13 4.04 5.04 5.05 9.24 14.36 10.80 14.85
Magnesium | 0 206 | 011 | 022 | [-0.19 0.39] | 0.11 0.19 0.46 0.19 113 48.30 67.45 64.61 243.68 | 286.06 | 251.00 | 299.30
Calcium 0 161 | 0.08 | 0.29 | [-0.22 0.37] | 0.08 0.09 0.57 0.52 .15 353.75 | 320.30 | 426.55 | 547.23 | 877.98 | 624.07 | 977.82
Iron 0.
02 (303 [0 048 | [-02903] |0 0.12 0.96 0.42 0.15 -1.53 3.36 2.96 13.41 12.35 13.85 12.32
Sodium 0 349 | -0.07 | 0.67 | [-0.36 0.23] | -0.09 0 0.55 0.97 0.15 -541.78 | 1315.17 | 619.82 | 3252.15 | 3083.55 | 3657.93 | 3116.15
Selenium 0 123 | -0.08 | 0.70 | [-0.37 0.22] | -0.11 -0.06 0.45 0.68 0.09 -45.75 50.49 20.73 114.60 | 73.67 124.27 | 78.52
Potassium 0 60 -0.09 | 073 | [-0.38 0.2] | -0.09 -0.01 0.51 0.93 0.06 1049.46 | 569.62 | 758.10 | 2204.05 | 3209.15 | 2248.01 | 3297.47
Table 5.
Central statistics of nutrients estimated using ASA27 and FFQ27 in the studied samples.
WX- | WX- | ICC3 | ICC3- | ICC3-CI95% | pearso p p classification- | diff- ASA27- | FFQ27- | ASA27- | FFQ27- | ASA27- | FFQ27-
P st p n-r r p [ same- means | sd sd median | median | mean mean
quintile%
Energy
(keal) 0 0 089 [0 [0.82 0.94] 0.89 0.84 0 0 0 308.66 | 75.98 74.74 1993.03 | 2299.63 | 1974.28 | 2282.94
Carbohydi 0.64 | 455 | 029 | 0.02 | [-0. 0.54] 0.29 0.13 0.05 0.36 0.25 7.03 58.74 51.53 24330 | 243.75 | 236.84 | 243.87
Protein 0 135 | 0.25 | 0.04 -0.04 0.51 0.25 0.25 0.09 0.09 0.15 3084 | 3448 31.34 72.85 103.57 | 81.86 112.70
Sugars 0 271 | 047 | 012 -0.13 045] | 0.18 0.17 0.22 0.25 0.11 2350 | 48.50 34.16 79.29 115.74 | 90.54 114.04
Eggs 0 116 | 0.05 | 0.35 | [-0.24 0.35] | 0.05 -0.04 0.70 0.75 0.13 2524 | 21.36 26.42 1.25 28.37 9.88 35.12
Choll 0 116 | 0.04 [ 038 | [-0.25 0.34] | 0.04 0.08 0.75 0.57 0.04 222.74 | 20863 | 15741 | 196.55 | 467.64 | 27043 | 493.17
Total_fat 0 158 | 0.02 | 042 | [-0.27 0.32] | 0.02 -0.05 0.85 0.72 0.22 19.26 | 18.17 20.70 79.06 98.15 76.56 95.82
Alcohol 0 21 0.02 | 044 | [-0.27 0.31] | 0.03 0.08 0.82 0.58 0 0.40 292 1.1 0 0 0.44 0.84
Fatty acids 0 149 | 0.01 | 045 | [-0.28 0.31] | 0.01 0.00 0.90 0.99 0.09 7.64 712 8.77 26.10 34.25 26.66 34.30
Vegetables 0 98 0 050 |[03 029 [0 -0.01 0.97 0.90 0.13 -268.4 | 296.62 | 64.89 359.68 | 117.54 | 398.08 | 129.66
Fruits 044 {428 | 0 069 | [-0.37 0.22] | -0.11 -0.22 047 0.14 0.09 -22.86 | 28418 | 119.19 | 55.39 14340 | 186.38 | 163.51
Nuts, seeds 0.02 | 273 | -0.08 | 0.70 | [-0.37 0.22] | -0.08 -0.05 0.56 0.70 0 0.51 18.38 12.92 0 3.18 6.65 717
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Figure 1. Bland-Altman plots of the differences between pairwise measurements.
Discussion 12.57). The participants' height ranged from 151 cm to 192

The study included a total of 231 respondents from
various cities in Kazakhstan, with most participants
recruited from Astana (n=104). Other cities represented in
the study were Zhansary (n=47), Almaty (n=31), Aktobe
(n=21), Semey (n=15), and Ust-Kamenogorsk (n=10).
Additionally, participants from several other cities, including
Kyzylorda, Karaganda, Taraz, Pavlodar, Aktau, Uralsk,
Abay, Samarskoe, Bishkek, Samarkand, and Kokshetau,
accounted for a total of 3 or fewer respondents each.
Regarding the gender distribution, there were 129 male
participants and 102 female participants, making up the
total sample of 231 respondents.

The age of the respondents ranged from 18 to 64 years,
with an average age of 37.15 years (+ standard deviation
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cm, with an average height of 169.625 c¢cm (+ standard
deviation 7.99). Similarly, the weight of the respondents
varied between 37 kg and 115 kg, with an average weight
of 70.46 kg (z standard deviation 15.76). Overall, the study
population consisted of a diverse group of participants in
terms of age, gender, height, and weight, representing
various regions and socio-demographic backgrounds in
Kazakhstan.

The data presented in the table show the results of
various statistical analyses conducted on dietary variables
in the study population. The table includes different
parameters, such as Pearson correlation coefficients
(pearson-r), Spearman correlation coefficients (spearman-
r), p-values for the correlation tests (pearson-p and
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spearman-p), intraclass correlation coefficients (ICC3 and
ICC3-p), and 95% confidence intervals for ICC3 (ICC3-
Cl95%).

The study shows a high level of reliability (ICC3 =
0.897) and a strong positive correlation (Pearson-r = 0.897,
Spearman-r = 0.845) between the calorie intake reported
using the FFQ and 24-hour recall methods. According to the
standard indexes, the relevant correlation coefficients to
demonstrate the feasibility of the data should vary from 0.5
to 0.7 (Gilsing et al., 2018). For our results, the coefficients
appeared to be even higher, therefore, it can be inferred
that they have a strong validity. This suggests that both
methods are consistent in capturing calorie intake data, and
individuals who report higher calorie intake using one
method are likely to report higher intake using the other
method as well. Aside from the calorie intake, positive
correlations were also shown to be true for phosphorus,
zinc, and vitamin D, the validity of which was evaluated by
the spearman-r coefficient. The values of the latter
appeared to be 0.372, 0.306, and 0.419 respectively,
therefore, falling within the range of satisfactory validity
which is approximately 0.4 (Al-Shaar et al., 2021).

Despite the high reliability and correlation, there is a
significant difference in calorie intake reported between the
two methods (p-values < 0.001). This indicates that the FFQ
and 24-hour recall methods yield different results in terms of
calorie intake reported by the participants. The reasons for
this discrepancy could be due to differences in how
participants recall their dietary habits and portion sizes
between the two assessment methods. In addition to that,
the differences in calorie consumption could be a result of
systematic errors generated by the dietary intake
assessment methods. ASA27 approach is known to bring
out explicit and accurate records on nutrient uptake
throughout the 24 hours, and, consequently, the probability
of making a systematic error is much less than in FFQ,
which inquires data over a longer period, leading to much
higher chances of bias and systematic errors (Castellanos-
Gutierrez et al., 2021). So, for several variables to acquire
an absolute value, it might be better to rely on ASA27 if the
purpose of the study is designed for a shorter period of
evaluation.

The dietary variables analyzed include KCAL
(calories), CARB (carbohydrates), PHOS (phosphorus),
Protein, Zinc, SUGR (sugar), VB12 (vitamin B12), ATOC
(alpha-tocopherol, a form of vitamin E), VITD (vitamin
D), D_TOTAL (total vitamin D), Magnesium, CALC
(calcium), Eggs, CHOLE (cholesterol), Total_fat, FOLA
(folic acid), Alcohol, NIAC (niacin, a form of vitamin B3),
VB1 (thiamin, a form of vitamin B1), MFAT
(monounsaturated fats), IRON, VB6 (pyridoxine, a form
of vitamin B6), VB2 (riboflavin, a form of vitamin B2),
Vegetables, RET (retinol, a form of vitamin A), VC
(vitamin C), Sodium, Fruits, Selenium, Nuts_seeds,
Potassium, BCAR (beta-carotene, a form of vitamin A),
VARA (variance of retinol), and ACAR (all-trans-retinoic
acid, another form of vitamin A).

The statistical analyses reveal various associations
between these dietary variables, and the p-values indicate
the significance of these associations. Additionally, the
intraclass correlation coefficients provide information about
the reliability of the measurements. For instance, some

33

variables show strong correlations, such as KCAL (calories)
and ICC3 (intraclass correlation coefficient), suggesting that
the measurement of calorie intake is highly reliable in the
study population. Even though the calorie intake
demonstrated the highest correlation scores among other
dietary variables, the latter falls within the range of
acceptable outcomes if they maintain their correlation
coefficient in the span of 0.2 - 0.49 (Lombard et al., 2015).
According to our data, most of the variables indeed
represent the values within the above-mentioned range.

On the other hand, variables like ACAR (all-trans-
retinoic acid) show weaker correlations and higher p-values,
indicating less consistent measurements for this dietary
component. These findings provide valuable insights into
the dietary habits and nutritional status of the study
population, allowing for a better understanding of their
dietary patterns and potential areas for health interventions
and improvements.

Based on the results provided in the table, we can draw
the following conclusions about the difference between
KCAL (calories) reported in the 24-hour recall (ASA27) and
FFQ (FFQ27) questionnaire. The Intraclass Correlation
Coefficient (ICC3) value of 0.897 indicates a high level of
reliability between the measurements obtained from the 24-
hour recall and FFQ questionnaire. This suggests that the
two methods of dietary assessment are consistent and
agree well with each other in capturing the calorie intake of
the study participants. The Pearson correlation coefficient of
0.896 and Spearman correlation coefficient of 0.845
indicate a strong positive relationship between the calorie
intake reported in the 24-hour recall and FFQ questionnaire.
This indicates that participants who reported higher calorie
intake in one method also tended to report higher calorie
intake in the other method. The extremely low p-values
(1.13687E-13 and 5.8204E-13) associated with the "WX-p"
and "WX-st" columns, respectively, suggest that there is a
significant difference between the calorie intake reported in
the 24-hour recall and FFQ questionnaire. In other words,
the two methods yield different results in terms of calorie
intake reported by the participants. The “classification-
same-quintile%" value of 0 indicates that there is no
percentage of participants who maintain the same quintile
ranking (e.g., top 20%, bottom 20%) for calorie intake
between the two methods. This suggests that there might
be substantial differences in how individuals are classified
based on their calorie intake when using the two dietary
assessment methods. The results indicate that while there
is a strong positive correlation and no significant mean
difference between the calorie intake reported in the 24-
hour recall and FFQ questionnaire, there are significant
differences between the two methods at the individual level.
This could be due to various factors, such as recall bias, the
ability of participants to accurately report their dietary intake
and differences in the underlying assumptions and
methodologies of the two dietary assessment tools.

One of the possible explanations for the discrepancies
on the individual level could be a different scale of food
processing. So far, there are four categories in compliance
with which the product can be processed: ultra-processed
food (UPF), processed food (PF), processed culinary
ingredient (CPI), and minimally processed food (MPF)
(Smiljanec et al., 2020). It was previously revealed that FFQ
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is not a suitable diet assessment for PCl, since it seemed to
depreciate the energy and nutrients obtained from this
processing group, and, vice versa, it tends to overrate the
nutritional value derived from PF (Jung et al., 2022). Thus,
since CPI is usually consumed in combination with other
products, participants may incorrectly provide information
about intake of such products, for example, believing that
they are already included in the dish, or, conversely,
reporting them as a separate product (Fangupo et al,
2019). Therefore, it turns out that other categories of
processing can also be interpreted with slight lapses,
depending on what pattern of reporting the participants
followed. Another example is the fact that ASA27 does not
ask in the questionnaire whether the participant adds salt or
not, in advance assuming the salt is put into the dish
(Moyen et al., 2022). In ASA27 there are about 4800 types
of food included, which gives a wide variety of choices
and a greater likelihood of accurate recording (Laramee et
al, 2022). Besides, one can add his recipe, thereby
allowing including national food in the report, which cannot
be done in FFQ. Such distinctions between the two
methods may result in little discrepancy at the individual
level of variables.

It should be kept in mind that validation methodologies
rarely provide absolute measurements true for every
variable. Therefore, to reduce the number of errors it can be
helpful to unite the data of both methods and apply
enhanced regression calibration which appeared to
decrease the bias occasions in similar studies (Looman et
al., 2019).

Conclusion

Combining multiple dietary assessment tools and using
larger sample sizes can improve the accuracy and reliability
of nutrition data. Additionally, education and training for
participants on portion size estimation and dietary reporting
can help enhance the quality of data collected through
these methods. In conclusion, the study indicates that both
FFQ and 24-hour recall methods are reliable and correlate
well in assessing the main nutrient intake in Kazakhstan.
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