
nutrients

Article

The Simplified Nutritional Appetite Questionnaire
(SNAQ) as a Screening Tool for Risk of Malnutrition:
Optimal Cutoff, Factor Structure, and Validation in
Healthy Community-Dwelling Older Adults

Sabrina Lau 1,2,*, Kalene Pek 2, Justin Chew 1,2 , Jun Pei Lim 1,2, Noor Hafizah Ismail 2,3,
Yew Yoong Ding 1,2, Matteo Cesari 4,5 and Wee Shiong Lim 1,2

1 Department of Geriatric Medicine, Tan Tock Seng Hospital, Singapore 308433, Singapore;
Justin_CHEW@ttsh.com.sg (J.C.); Jun_Pei_LIM@ttsh.com.sg (J.P.L.); yew_yoong_ding@ttsh.com.sg (Y.Y.D.);
wee_shiong_lim@ttsh.com.sg (W.S.L.)

2 Institute of Geriatrics and Active Ageing, Tan Tock Seng Hospital, Singapore 308433, Singapore;
Kalene_SL_PEK@ttsh.com.sg (K.P.); noor_hafizah@ttsh.com.sg (N.H.I.)

3 Department of Continuing and Community Care, Tan Tock Seng Hospital, Singapore 308433, Singapore
4 Department of Clinical Sciences and Community Health, University of Milan, 20122 Milan, Italy;

macesari@gmail.com
5 Geriatric Unit, IRCCS Istituti Clinici Scientifici Maugeri, 20122 Milan, Italy
* Correspondence: sabrina_lau@ttsh.com.sg; Tel.: +65-6359-6474

Received: 29 August 2020; Accepted: 18 September 2020; Published: 21 September 2020
����������
�������

Abstract: Malnutrition is an independent marker of adverse outcomes in older adults. While the
Simplified Nutritional Appetite Questionnaire (SNAQ) for anorexia has been validated as a nutritional
screening tool, its optimal cutoff and validity in healthy older adults is unclear. This study aims
to determine the optimal cutoff for SNAQ in healthy community-dwelling older adults, and to
examine its factor structure and validity. We studied 230 community-dwelling older adults (mean age
67.2 years) who were nonfrail (defined by Fatigue, Resistance, Ambulation, Illnesses & Loss (FRAIL)
criteria). When compared against the risk of malnutrition using the Mini Nutritional Assessment
(MNA), the optimal cutoff for SNAQ was ≤15 (area under receiver operating characteristic (ROC)
curve: 0.706, sensitivity: 69.2%, specificity: 61.3%). Using exploratory factor analysis, we found a
two-factor structure (Factor 1: Appetite Perception; Factor 2: Satiety and Intake) which accounted for
61.5% variance. SNAQ showed good convergent, discriminant and concurrent validity. In logistic
regression adjusted for age, gender, education and MNA, SNAQ ≤15 was significantly associated
with social frailty, unlike SNAQ ≤4 (odds ratio (OR) 1.99, p = 0.025 vs. OR 1.05, p = 0.890). Our study
validates a higher cutoff of ≤15 to increase sensitivity of SNAQ for anorexia detection as a marker
of malnutrition risk in healthy community-dwelling older adults, and explicates a novel two-factor
structure which warrants further research.

Keywords: malnutrition; anorexia; older adults; cutoff; factor structure; validity

1. Introduction

Malnutrition is increasingly recognized as an important and independent marker of adverse
outcomes in older adults, including higher chronic disease burden, frailty and mortality [1–3].
The process of malnutrition and involuntary weight loss can be driven by anorexia, inadequate dietary
intake, sarcopenia, cachexia, or a combination of these factors [4]. Considerable overlap exists between
these processes, especially sarcopenia and cachexia in frail older adults with comorbidities and chronic
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disease [5]; however, in more robust individuals where muscle and disease-related processes may be
less relevant, the primary forward indicators of malnutrition risk in this group are likely to center on
determinants such as anorexia and inadequate dietary intake.

Over the last few decades, multiple screening tools have been developed to assess nutritional
status, for example Mini-Nutritional Assessment (MNA), Malnutrition Universal Screening Tool
(MUST), Nutritional Risk Screening 2002 (NRS-2002), and Geriatric Nutritional Risk Index (GNRI).
While these tools are comprehensive and have been validated in various settings, there remains a need
to strike a balance between efficacy and efficiency, especially for resource-intensive tools that require
trained assessors or laboratory measurements [6–8]. These tools also do not specifically evaluate
anorexia, which has been associated with increased risk for weight loss, malnutrition, and reduced
quality of life in older adults [9]. A robust screening tool to evaluate appetite could serve as an early
marker of malnutrition risk and downstream consequences of frailty and functional decline in robust
older adults, and hence create opportunities for early intervention.

The Simplified Nutritional Appetite Questionnaire (SNAQ) and the Council on Nutrition
Appetite Questionnaire (CNAQ) are self-administered questionnaires adapted from the Appetite,
Hunger and Sensory Perception questionnaire (AHSP), an appetite assessment tool validated among
community-dwelling older adults in the Netherlands [10]. The shorter four-item SNAQ comprising
items 1, 2, 4 and 6 of the CNAQ was shown to have good reliability, sensitivity and specificity to predict
malnutrition in both specialized and nonspecialized older adult populations [11–25]. Prior utilization
of the SNAQ, cutoffs and factor analysis results have been summarized in Table 1.
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Table 1. Summary of Simplified Nutritional Appetite Questionnaire (SNAQ) Studies [11–25].

Reference Setting Study
Population Comparator SNAQ Cutoff AUC Sn (%) Sp (%) α Comments

Non-Specialised Study Populations

Wilson 2005
[11]

Community-dwelling
subjects, USA

N = 352 Mean
age = 73.8

Malnutrition
= 10.5%

AHSP <14 0.870 81.6 84.6 0.740

Analysis was done on the
older community-dwelling

group. In younger
community-dwelling

subjects (mean age 39.4 ±
12.0 years), the optimal

SNAQ cutoff was <15 (Sn
79.2%, Sp 79.4%)

Hanisah 2012
[12]

Subjects from the
Medical Ward and
Outpatient Medical
Clinic in a hospital,

Malaysia

N = 145 Mean
age = 68.3

Malnutrition
= 61.0%

AHSP ≤14 69.7 62.5 0.578

Rolland 2012
[13]

Hospitalized older
patients in geriatric

units and their
spouses, France

N = 175 Mean
age = 77.8

Malnutrition
= 27.4%

MNA-LF ≤14
≤15 0.767 70.8

79.2
74.4
57.5

Nakatsu 2015
[14]

Community-dwelling
subjects recruited for
a health check, Japan

N = 84 Mean
age = 76.4

Malnutrition
= N/A

MNA-SF <14 0.545
Translated into Japanese.

EFA showed 1 factor (50.0%
variance)

Ilhan 2018 [15]

Community-dwelling
subjects attending a
Geriatrics outpatient

clinic, Turkey

N = 442 Mean
age = 77.1

Malnutrition
= 28.7%

MNA-LF ≤14 0.522

Translated into Turkish.
Cronbach’s α is increased

(0.757) if SNAQ Q4 is
deleted.

Akin 2019 [16] Community-dwelling
subjects, Turkey

N = 871 Mean
age = 71.4

Malnutrition
= 45.5%

MNA-LF ≤14 0.725 50.0 84.0 0.639

Lau 2020 Community-dwelling
subjects, Singapore

N = 230 Mean
age = 67.2

Malnutrition
= 5.7%

MNA-LF ≤15 0.706 69.2 38.7 0.333 EFA showed 2 factors
(61.5% variance).
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Table 1. Cont.

Reference Setting Study
Population Comparator SNAQ Cutoff AUC Sn (%) Sp (%) α Comments

Specialised study populations

Sties 2012 [17]

Subjects of a
metabolic and

cardiopulmonary
rehabilitation

programme, Brazil

N = 145 Mean
age = 63.0

(males), 66.0
(females)

Malnutrition
= 7.0%

0.610

Translated into Portuguese.
EFA showed 1 factor (47.0%

variance). SNAQ Q4
correlated poorly with

SNAQ total score.

Andreae 2015
[18]

Subjects with heart
failure attending an

outpatient heart
failure clinic, Sweden

N = 186
Median age =

72.0
Malnutrition

= N/A

0.770

Translated into Swedish.
CFA (single-factor model):
Chi-square 3.0, p = 0.368;

RMSEA 0.05 (90% CI
0.00-0.16), p = 0.368; CFI

1.00, TLI 0.99, WRMR 0.30.

Yaxley 2015
[19]

Subjects receiving
ambulatory

rehabilitation
following an acute
hospital admission,

Australia

N = 185
Median age =

78.0
Malnutrition

= 63%

MNA-LF ≤14 28.0 94.0

Helfenstein
2016 [20]

Subjects with
metastatic cancer

receiving outpatient
palliative care,

Switzerland

N = 118
Median age =

69.0
Malnutrition

= 31%

NRS ≤14 0.653 38.0 66.0 Translated into German.

Tokudome
2017 [21]

Community-dwelling
subjects attending
day care or health

promotion classes, on
meal delivery

services; and subjects
staying in group

homes, Japan

N = 649 Mean
age = 80.4

Malnutrition
= N/A

MNA-SF ≤14 0.640

Translated into Japanese.
EFA showed 1 factor (33.7%

variance). SNAQ Q4
correlated poorly with

SNAQ total score.
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Table 1. Cont.

Reference Setting Study
Population Comparator SNAQ Cutoff AUC Sn (%) Sp (%) α Comments

Wang 2018
[22]

Hospitalized subjects
with liver cirrhosis,

China

N = 70 Mean
age = 66.7

Malnutrition
= 75.7%

BMI ≤11.5 0.702 79.2 72.7

Mohammadi
2019 [23]

Subjects seeking
weight reduction at a

private nutrition
clinic, Iran

N = 213 (all
females) Mean

age = 39.0
Malnutrition

= N/A

0.700
Translated into Farsi. EFA

showed 1 factor (54.0%
variance).

Oh 2019 [24]

Subjects with
recurrent or

metastatic cancer,
Korea

N = 194 Mean
age = 60.0

Malnutrition
= 31.4%

MNA-SF ≤14 56.5 44.3 0.737

Translated into Korean.
EFA showed no

overlapping concept item
among SNAQ Q1-4.

Wleklik 2019
[25]

Hospitalized subjects
with heart failure,

Poland

N = 103
Median age =

65.0–70.0
Malnutrition

= 94%

MNA-LF ≤14 0.860

Translated into Polish. CFA
(single-factor model):

Chi-square 1.93, p = 0.380;
RMSEA 0.00 (90% CI:

0.00-0.19), p = 0.47; CFI
1.00, TLI 1.00, SRMR 0.02.

AHSP: Appetite, Hunger and Sensory Perception Questionnaire; AUC: Area under ROC curve; BMI: Body mass index; CFA: Confirmatory factor analysis; CFI: Comparative Fit Index; CI:
Confidence Interval; EFA: Exploratory factor analysis; MNA-LF: Mini-Nutritional Assessment Long Form; MNA-SF: Mini-Nutritional Assessment Short Form; NRS: Nutrition Risk Score;
RMSEA: Root Mean Square Error of Approximation; SRMR: Standardized Root Mean Square Residual; Sn: Sensitivity; Sp: Specificity; TLI: Tucker Lewis Index; WRMR: Weighted Root
Mean Square Residual, N/A: The rate of malnutrition was not specified in these studies.
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However, gaps remain in our understanding of the diagnostic performance and optimal cutoff of
SNAQ in robust older adults in the community where the prevalence of malnutrition is lower. The good
diagnostic performance of SNAQ and the recommended cutoff of ≤14 was derived from community
studies which were primarily based on older adults who were either frail with comorbidities [18,20,22]
or who were younger in age [17,23]. There also exists uncertainty in the psychometric properties of
SNAQ, such that its factor structure and validity in more robust populations cannot be assumed. Earlier
studies highlighted that the item on food intake correlates poorly with total SNAQ score [21], and that
reliability of SNAQ increases if this item was omitted [15]. In addition, the one-factor solution of
SNAQ was derived either from studies in older adults with health-seeking behavior [14] or specialized
populations [17,21,23].

The aim of this study is thus to determine an optimal cutoff for SNAQ in screening for malnutrition
in healthy community-dwelling older adults. This study also seeks to examine the factor structure of
SNAQ, as well as assess its psychometric properties including validity and reliability.

2. Materials and Methods

2.1. Study Population

The “Longitudinal Assessment of Biomarkers for characterization of early Sarcopenia and
Osteosarcopenic Obesity in predicting frailty and functional decline in community-dwelling Asian older
adults Study” (GeriLABS 2) is a prospective cohort study involving cognitively intact and functionally
independent community-dwelling adults aged 50 years and older in Singapore. We recruited 230
participants from December 2017 to March 2019. Inclusion criteria were as follows: (i) aged 50 to
99 years at study enrolment, (ii) community-dwelling, (iii) independent in both basic and instrumental
activities of daily living (ADLs), and (iv) generally healthy as defined by a score of <3 on the FRAIL
criteria. The FRAIL scale comprises 5 components: Fatigue, Resistance, Ambulation, Illnesses & Loss
of Weight with a total score of 0–5 points and represents frail (3–5), pre-frail (1–2) and robust (0) health
status [26]. Participants were excluded if they had cognitive impairment (prior diagnosis of dementia
or modified Chinese version of Mini-Mental State Examination (CMMSE) score ≤21) [27], unable to
walk 8 m independently, or were living in a long-term residential care facility. This study reports
cross-sectional data from the point of recruitment into the study.

2.2. Clinical Assessment

We collected demographic data and information on cardiovascular and bone health.
Anthropometric measurements (standing height and body weight to calculate Body Mass Index
(BMI), calf circumference, mid-arm circumference and waist circumference) were collected. Cognition
was assessed via the CMMSE [27]. Mood was assessed via the Geriatric Depression Scale (GDS),
with a locally-validated cutoff score of ≥4 to distinguish presence of depressive symptoms [28].
Functional status was assessed using the Barthel ADL index [29] and Lawton and Brody’s instrumental
ADL index [30], while activity level was evaluated via the Frenchay Activities Index (FAI) [31] and
International Physical Activity Questionnaire (IPAQ) [32]. We also measured life-space mobility using
the Life-Space Assessment (LSA), which comprises five space-levels corresponding to activities outside
the bedroom, home, neighborhood, town, and beyond, respectively [33]. Using cohort quintile cutoffs,
we defined low physical activity as FAI ≤29 and IPAQ <2826 METS respectively, and low life-space
mobility as LSA <76 [34].

Physical frailty was assessed via the modified Fried phenotypic criteria, with a score of 0
denoting nonfrail, 1–2 denoting prefrail, and 3 and above denoting physical frailty [35]. Details of the
operationalization of the modified Fried phenotypic criteria have been previously described [36]. Social
frailty was assessed via the locally-validated eight-item Social Frailty Scale (SFS-8), which measures the
three domains of social resources, social activities and financial resources, and social need fulfilment
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(score range: 0–8 points). A score of 0–1 denotes social nonfrailty, 2–3 denotes social prefrailty, and a
score of 4 and above denotes social frailty [34].

Physical function was assessed via the Short Physical Performance Battery (SPPB) [37], maximal
hand grip strength using a hydraulic hand dynamometer, usual gait speed on the three-meter walk
test, and the five-time chair stand test. The SPPB score of <11 denoted poorer quality of life and also
corresponded to the quintile cutoff in our cohort [38]. Cutoffs for maximal hand grip strength (<28 kg
for males, <18 kg for females), gait speed (<1.0 m/s) and five-time chair stand test (≥12 s) were based
upon The Asian Working Group for Sarcopenia (AWGS) 2019 guidelines [39].

2.3. Nutritional Assessment

Nutritional risk was assessed via the Simplified Nutritional Appetite Questionnaire (SNAQ),
a four-item tool comprising items 1, 2, 4 and 6 of the CNAQ [11]. These items assess appetite, satiety,
taste of food and number of meals per day respectively. The SNAQ was developed as a self-assessment
screening tool that is quick and easy to administer without the need for trained assessors or laboratory
measurements. The total score ranges from 4 to 20. Prior validation studies suggest a cutoff of ≤14 to
predict malnutrition and involuntary weight loss (Table 1).

We compared SNAQ against the Mini Nutritional Assessment (MNA), which comprises both
screening and nutritional assessment items. The MNA has been validated in various settings with high
reliability, sensitivity and specificity [40,41]. A cutoff score of <24 on the MNA-long form indicates risk
of malnutrition [42]. Laboratory markers of 25-hydroxy Vitamin D and serum albumin levels were
also collected.

2.4. Statistical Analysis

We performed statistical analyses using IBM SPSS Statistics version 23.0 (IBM Corporation,
Armonk, NY, USA). All statistical tests were two-tailed, with p < 0.05 considered statistically significant.
Continuous variables were expressed as means (standard error) or as medians (interquartile range).
Categorical variables were expressed as counts and percentages.

To derive the optimal cutoff for SNAQ, we performed receiver operating characteristic curve
(ROC) analysis against MNA-long form <24 as the reference standard. We calculated the optimal point
between sensitivity and specificity using Youden index. Diagnostic performance was ascertained via
area under ROC curve.

Internal consistency of the scale was assessed using Cronbach’s alpha. To ascertain the factor
structure of SNAQ, we conducted exploratory factor analysis (EFA) using the Kaiser-Meyer-Olkin
(KMO) statistic as a measure of sampling adequacy and the Bartlett’s test of sphericity to ascertain
necessity to perform a factor analysis. We conducted principal component analysis with varimax
rotation to ascertain the underlying factor structure. The number of factors to be retained was
determined by parallel analysis, which was less likely to over-estimate the number of factors [43].
Items with factorial loadings <0.4 were eliminated.

To assess the construct validity of SNAQ, we analyzed convergent (i.e., MNA, calf circumference,
GDS) and discriminant (i.e., waist circumference, CMMSE, level of education) validity for SNAQ
total and factor scores via correlational analysis using Spearman’s rho. For concurrent validity, we
ascertained known-groups validity by examining differences in mean SNAQ scores against depressive
symptoms (GDS <4 vs. ≥4) via independent samples t-test, as well as social frailty (nonfrail, prefrail
and frail) and physical frailty (nonfrail, prefrail and frail) via one-way analysis of variance with
Bonferroni correction for post-hoc comparisons. Predictive validity of SNAQ was assessed via logistic
regression, with adjustments for age, gender, education and MNA score, for the outcomes of life-space
mobility, social frailty, SPPB, handgrip strength and five-time chair stand. We compared the suggested
SNAQ cutoff of ≤14 against our derived cutoff of ≤15 in this study.
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2.5. Ethics Approval and Consent

The study was conducted in accordance with the Declaration of Helsinki, and the protocol
was approved by the Domain Specific Review Board of the National Healthcare Group (DSRB Ref:
2017/00850). Written consent was obtained from all participants prior to study participation.

3. Results

3.1. Baseline Characteristics

We studied 230 participants with mean age 67.2 ± 7.4 years and mean education of 10.8 ± 4.4
years (Table 2). A total of 72.6% were female and 92.2% were of Chinese ethnicity. The high cognitive
scores (CMMSE, mean ± SD: 26.1 ± 1.7), ADL indices (basic and instructional ADLs, mean score 100
and 23 respectively) and activity levels (FAI mean ± SD: 32.2 ± 5.2 and IPAQ 5023.4 ± 2402.7 metabolic
equivalents (METS) per week) attested to the relatively robust health of participants. Based on the
modified Fried frailty phenotype, only two (0.9%) participants were classified as physically frail, with
the majority (41.3% and 57.8% respectively) classified as prefrail and robust. Based on the SFS-8, 17
(7.4%) participants were classified as socially frail, with 28.8% socially prefrail and 63.8% socially
nonfrail. The median GDS score was 1 (interquartile range, IQR = 0–2).

Table 2. Characteristics of Study Cohort.

Characteristics of Study Cohort Total (n = 230) SNAQ >15 (n = 137) SNAQ ≤15 (n = 93) p-Value

Age (years) 67.2 ± 7.4 67.0 ± 6.8 67.5 ± 8.3 0.032
Gender (female, %) 72.6 69.3 77.4 0.178
Race (Chinese, %) 92.2 93.4 90.3 0.426
Education (years) 10.8 ± 4.4 11.0 ± 4.6 10.4 ± 4.0 0.079
No. of cardiovascular risk factors (%) * 0.696
None 29.7 28.7 31.2
1 to 2 55.9 58.0 52.7
3 and above 14.4 13.3 16.1
Known osteoporosis (%) 27.4 27.0 28.0 0.874

Anthropometry

BMI (kg/m2) 23.9 ± 3.2 23.9 ± 3.2 23.8 ± 3.3 0.625
Calf circumference (cm) 34.8 ± 3.2 35.1 ± 3.1 34.4 ± 3.3 0.729
Calf circumference < 31 cm (%) 4.3 1.5 8.6 0.009
Mid-arm circumference (cm) 27.6 ± 3.0 27.8 ± 2.9 27.4 ± 3.1 0.936
Waist circumference (cm) 85.3 ± 9.3 85.4 ± 9.0 85.0 ± 9.8 0.426

Cognition and Mood

CMMSE (0–28) 26.1 ± 1.7 26.3 ± 1.6 25.9 ± 1.8 0.311
GDS (0–15) 1.0 (0.0–2.0) 1.0 (0.0–1.0) 1.0 (0.0–2.0) 0.002

Nutrition

MNA total (0–30) 27.2 ± 1.9 27.6 ± 1.6 26.6 ± 2.1 0.011
MNA < 24: Malnourished or at risk of malnutrition (%) 5.7 2.9 9.7 0.029
SNAQ total (0–20) 15.8 ± 1.5 16.8 ± 0.8 14.3 ± 0.9 0.110
SNAQ ≤ 14 (%) 18.3 - -
SNAQ ≤ 15 (%) 40.4 - -

Functional Status and Activity Level

Barthel ADL index (0–100) 100.0 (95.0–100.0) 100.0 (95.0–100.0) 100.0 (95.0–100.0) 0.094
Lawton iADL scale (0–23) 23.0 (22.0–23.0) 23.0 (22.0–23.0) 23.0 (22.0–23.0) 0.449
Frenchay Activities Index, FAI (0–45) 32.2 ± 5.2 32.8 ± 4.8 31.3 ± 5.6 0.302
IPAQ, total METS per week (mins) 5042.4 ± 2402.7 5429.0 ± 2506.9 4477.2 ± 2131.0 0.086
Life-Space Assessment
Life-Space Level 1 (max 8) 8.0 ± 0.3 8.0 ± 0.17 8.0 ± 0.41 0.474
Life-Space Level 2 (max 16) 15.4 ± 2.2 15.6 ± 1.6 15.0 ± 2.7 0.069
Life-Space Level 3 (max 24) 18.7 ± 6.9 19.5 ± 6.7 17.6 ± 7.1 0.041
Life-Space Level 4 (max 32) 21.5 ± 8.5 22.0 ± 8.8 20.8 ± 8.0 0.285
Life-Space Level 5 (max 40) 26.9 ± 9.7 28.3 ± 9.4 24.7 ± 9.7 0.004
Life-Space Total (max 120) 90.5 ± 17.7 93.4 ± 16.5 86.1 ± 18.6 0.002
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Table 2. Cont.

Characteristics of Study Cohort Total (n = 230) SNAQ >15 (n = 137) SNAQ ≤15 (n = 93) p-Value

Frailty and Physical Function

Modified Fried phenotypic criteria (0–5) 0.289
0: Nonfrail (%) 57.8 62.0 51.6
1–2: Prefrail (%) 41.3 37.2 47.3
3 and above: Frail (%) 0.9 0.7 1.1
Social Frailty, SFS-8 (0–8) 0.004
0–1: Social nonfrailty (%) 63.8 72.1 51.6
2–3: Social prefrailty (%) 28.8 23.5 36.6
4 and above: Social frailty (%) 7.4 4.4 11.8
SPPB (0–12) 12.0 (11.0–12.0) 12.0 (12.0–12.0) 12.0 (11.0–12.0) 0.001
Hand grip strength (kg) 23.5 ± 7.1 24.5 ± 7.7 21.9 ± 5.9 0.017
Gait speed (m/s) 1.2 ± 0.2 1.2 ± 0.2 1.1 ± 0.2 0.256
5-time chair stand test (secs) 9.46 ± 3.03 9.05 ± 2.81 10.06 ± 3.25 0.014

Laboratory Markers

25-hydroxy Vitamin D level (µg/L) 30.6 ± 8.8 30.6 ± 8.4 30.6 ± 9.4 0.322
Serum albumin (g/L) 41.2 ± 2.6 41.3 ± 2.6 41.0 ± 2.6 0.890

Mean ± SD for variables with normal distribution; median (interquartile range) for non-normal variables.
* Cardiovascular risk factors: Hypertension, hyperlipidemia, diabetes mellitus, ischemic heart disease/congestive
cardiac failure/myocardial infarction, atrial fibrillation, stroke or transient ischemic attack, peripheral vascular
disease, smoking. ADL: Activities of Daily Living; iADL: Instrumental Activities of Daily Living; BMI: Body Mass
Index; CMMSE: Chinese Mini-Mental Status Examination; GDS: Geriatric Depression Scale; IPAQ: International
Physical Activity Questionnaire; MNA: Mini Nutritional Assessment; SNAQ: Simplified Nutritional Appetite
Questionnaire; SFS-8: Social Frailty Scale 8-item; SPPB: Short Physical Performance Battery.

The prevalence of risk of malnutrition in this study was 5.7% based on the MNA cutoff of <24.
The risk of malnutrition identified by SNAQ based on cutoff scores of ≤14 and ≤15 was 18.3% and 40.4%
respectively. In comparing participants identified by SNAQ to be at risk of malnutrition (i.e., SNAQ
total score ≤15, n = 93) against those who were not at risk (n = 137), the differences in age, calf
circumference, GDS, MNA, life space (levels 3, 5 and total score), social frailty, SPPB, hand grip strength,
repeated chair stand test were significant (all p < 0.05).

3.2. SNAQ Cutoff Score

The area under ROC curve was 0.706 in our study (Figure 1). The optimal cutoff based on the
Youden index was SNAQ ≤15, with a corresponding sensitivity of 69.2% and specificity of 61.3% (positive
predictive value, PPV = 9.7%; negative predictive value; NPV = 97.1%). In contrast, using the cutoff of
≤14, the sensitivity and specificity were 46.2% and 83.4% respectively (PPV = 14.3%; NPV = 96.3%).
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Figure 1. Receiver operating characteristic (ROC) curve (A) and derivation of simplified nutritional
appetite questionnaire (SNAQ) cutoff score (B). AUC: Area under ROC curve; CI: Confidence Interval;
Sn: Sensitivity; Sp: Specificity; PPV: Positive Predictive Value; NPV: Negative Predictive Value. The blue
line is the ROC curve; the red line depicts the line where AUC = 0.5.

3.3. Factor Structure and Reliability of SNAQ

Factor analysis was appropriate as the KMO statistic was 0.530, and the Bartlett’s test of sphericity
was 32.553 (p < 0.001). The optimal number of factors recommended by parallel analysis was two.
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The two-factor structure of the SNAQ accounted for 61.5% of the total variance. Factor 1 comprised two
items representing appetite perception and accounted for 34.9% of variance. Factor 2 comprised two
items representing satiety and intake, and accounted for 26.6% of variance (Table 3). The Cronbach’s
alpha of SNAQ was 0.333. There was a slight increase in Cronbach’s alpha if item 4 was deleted.

Table 3. Factor Structure and Internal Consistency of SNAQ.

SNAQ Items Mean ± SD
(n = 230)

Factor 1: Appetite
Perception

Factor 2: Satiety
and Intake α If Item Deleted

Q1: My appetite is ____ 3.97 ± 0.71 0.811 0.214
Q2: When I eat, I feel full ____ 3.80 ± 0.57 0.676 0.285
Q3. Food tastes ____ 3.81 ± 0.60 0.797 0.179
Q4. Normally I eat ____ 4.21 ± 0.72 0.808 0.398 *

Eigenvalue 1.396 1.063
Explained variance (%) 34.9 26.6

Factorial loading values of <0.4 are not displayed in the table. * Cronbach’s α if item deleted is increased compared
with original scale.

3.4. Convergent and Discriminant Validity

SNAQ Factors 1 and 2 correlated strongly with the total SNAQ score (r = 0.767 and 0.689
respectively, p < 0.05). The correlation between Factors 1 and 2 was poor (r = 0.119, p > 0.05) (Table 4).
In terms of convergent and discriminant validity, the strength of correlations was low to moderate
in this sample of healthy older adults. SNAQ total and factor scores correlated with MNA, calf
circumference and GDS, with stronger correlations for SNAQ total and Factor 1 scores (range of r: 0.151
to 0.238, p < 0.05) compared to Factor 2 (range of r: 0.049 to 0.161, p <0.05 only for correlation with
MNA). The correlations for waist circumference, CMMSE and education were weak (range of r: 0.005
to 0.147, p > 0.05 except for Factor 1 correlation with CMMSE), thus corroborating the discriminant
validity of SNAQ.

Table 4. Convergent and Discriminant Validity of SNAQ.

SNAQ Total SNAQ Factor 1 SNAQ Factor 2

SNAQ Factor 1 0.767 *
SNAQ Factor 2 0.689 * 0.119

Convergent
MNA 0.238 * 0.187 * 0.161 *
Calf circumference 0.157 * 0.151 * 0.049
GDS −0.241 * −0.257 * −0.074

Discriminant
Waist circumference 0.037 0.011 0.047
CMMSE 0.127 0.147 * 0.052
Education −0.089 0.128 0.005

* p-Value < 0.05. CMMSE: Chinese Mini-Mental Status Examination; GDS: Geriatric Depression Scale; MNA: Mini
Nutritional Assessment; SNAQ: Simplified Nutritional Appetite Questionnaire.

3.5. Concurrent Validity

SNAQ total score showed a decreasing trend with increasing social frailty (15.96 vs. 15.56 vs.
15.18, p = 0.045), physical frailty (15.94 vs. 15.61 vs. 14.50, p > 0.05) and depressive symptoms (15.84 vs.
15.07, p > 0.05) (Table 5). This attests to the concurrent validity of the SNAQ. For the factor scores,
there was a similar trend observed for Factor 1, with a significant decreasing trend in Factor 1 scores
with increasing social frailty (7.91 vs. 7.70 vs. 6.94, p = 0.001). A similar trend was observed for Factor
2 with physical frailty and depressive symptoms (p > 0.05), but not for social frailty (8.05 vs. 7.86 vs.
8.24, p > 0.05).



Nutrients 2020, 12, 2885 11 of 17

Table 5. Concurrent Validity of SNAQ.

Social Frailty (SFS-8) Physical Frailty (Fried) Depressive Symptoms (GDS)

Social Nonfrailty
(n = 146)

Social Prefrailty
(n = 66)

Social Frailty
(n = 17) p Nonfrail

(n = 133)
Prefrail
(n = 95)

Frail
(n = 2) p No

(n = 222) Yes (n = 8) p

SNAQ Total 15.96 ± 1.35 15.56 ± 1.78 15.18 ± 1.43 0.045 15.94 ± 1.39 15.61 ± 1.64 14.50 ± 2.12 0.127 15.84 ± 1.50 15.07 ± 1.54 0.065
SNAQ Factor 1 7.91 ± 0.95 7.70 ± 1.18 6.94 ± 1.09 0.001 7.91 ± 1.01 7.63 ± 1.12 7.00 ± 1.41 0.087 7.81 ± 1.05 7.43 ± 1.22 0.195
SNAQ Factor 2 8.05 ± 0.89 7.86 ± 1.12 8.24 ± 0.97 0.267 8.03 ± 0.90 7.98 ± 1.06 7.50 ± 0.71 0.706 8.03 ± 0.07 7.64 ± 0.27 0.150

GDS: Geriatric Depression Scale; Fried: Modified Fried phenotypic criteria; SFS-8: Social Frailty Scale 8-item.
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3.6. Predictive Validity and Outcome Associations

In logistic regression analysis adjusted for age, gender, education and MNA, both SNAQ cutoffs
of ≤14 and ≤15 were associated with life-space mobility (odds ratio, OR 2.29 vs. 2.06, p = 0.041 for
both), SPPB (OR 3.93, p = 0.003 vs. OR 3.00, p = 0.010) and five-time chair stand test (OR 2.45, p = 0.029
vs. OR 2.18, p = 0.028) (Table 6). In contrast, only the ≤15 cutoff was significantly associated with social
frailty (OR 1.99, p = 0.025 vs. OR 1.05, p = 0.890 for SNAQ ≤14). For the outcome of hand grip strength,
the ≤15 cutoff had higher odds ratios albeit not statistically significant.

Table 6. Logistic Regression Models for Outcomes: Comparison between SNAQ ≤ 14 vs. SNAQ ≤ 15.

Unadjusted Adjusted *

Outcome Variables Odds Ratio (95% CI) p Odds Ratio (95% CI) p

Social frailty, SFS-8 ≥ 2
SNAQ ≤14 1.59 (0.81, 3.13) 0.182 1.05 (0.50, 2.24) 0.890
SNAQ ≤15 2.42 (1.39, 4.20) 0.002 1.99 (1.09, 3.63) 0.025

Life space mobility, LSA total ≤76
SNAQ ≤14 3.12 (1.50, 6.48) 0.002 2.29 (1.03, 5.07) 0.041
SNAQ ≤15 2.68 (1.39, 5.16) 0.003 2.06 (1.03, 4.12) 0.041

Short Physical Performance
Battery <11

SNAQ ≤14 3.78 (1.65, 8.64) 0.002 3.93 (1.60, 9.66) 0.003
SNAQ ≤15 2.94 (1.33, 6.52) 0.008 3.00 (1.30, 6.94) 0.010

Hand grip strength ˆ
SNAQ ≤14 1.39 (0.66, 2.95) 0.390 0.79 (0.33, 1.87) 0.587
SNAQ ≤15 1.51 (0.82, 2.79) 0.188 1.14 (0.58, 2.25) 0.711

Five-time chair stand test ≥12 s
SNAQ ≤14 2.53 (1.20, 5.35) 0.015 2.45 (1.10, 5.48) 0.029
SNAQ ≤15 2.15 (1.11, 4.16) 0.023 2.18 (1.09, 4.38) 0.028

* Model adjusted for age, gender, education and Mini-Nutritional Assessment (MNA). ˆ Asian Working Group for
Sarcopenia (AWGS) 2019 definition: Maximal hand grip strength <28 kg (males) and <18 kg (females). LSA: Life
Space Assessment; SFS-8: Social Frailty Scale 8-item, SPPB: Short Physical Performance Battery.

4. Discussion

To our knowledge, this is the first study to ascertain the optimal cutoff, factor structure and
validity of SNAQ in healthy, cognitively-intact and functionally-independent community-dwelling
older adults. Our findings suggest an optimal SNAQ cutoff of ≤15 to screen for risk of malnutrition
that is higher than the currently recommended ≤14. In healthy older persons, the higher SNAQ cutoff

lowers the threshold for detection of anorexia, thus improving its diagnostic performance as a screening
tool by increasing sensitivity to rule out false negative cases of anorexia for further evaluation. In one
study involving hospitalized older adults and their spouses, raising the SNAQ cutoff from ≤14 to
≤15 similarly increased sensitivity from 70.8% to 79.2%, albeit also at the expense of specificity [13].
A SNAQ cutoff of ≤15 could thus present an opportunity for early case detection of malnutrition
risk in relatively healthy individuals, and consequently early nutrition assessment, education and
intervention to prevent adverse health outcomes and allow robust older adults to remain independent
in the community [44–46].

Our study also found a two-factor structure of the SNAQ, which differs from prior validation
studies that suggest a unifactorial model of ‘Appetite’ [14,17,21,23]. The factors identified in our study
(i.e., Factor 1: Appetite Perception; Factor 2: Satiety and Intake) accounted for a higher proportion of
the total variance (61.5%) compared with earlier studies (33.7% to 54.0%), and corresponded to the
premise that the primary forward indicators of malnutrition risk in healthy older adults are likely to be
driven more by anorexia and inadequate dietary intake, than by muscle or disease-related processes
such as sarcopenia and cachexia [4]. Between the two factors, convergent and concurrent validity of
the SNAQ appear to be driven more by Factor 1 than Factor 2, which is in keeping with prior studies
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that have identified ‘Appetite’ as the main outcome measure in the SNAQ. This suggests that while a
distinct factor on its own, satiety and intake (i.e., Factor 2) may be less discriminatory in a relatively
robust population, and may also be subjected to differences in culture, socioeconomic status or varying
perceptions of meal quantity and frequency that are considered to be norms [47–49]. The contribution
of Factor 2 may also explain the relatively-low reliability of SNAQ in our study (Cronbach’s alpha
0.333); in healthy older adults, the brief 4-item SNAQ may not be sufficiently reliable in screening
for the risk of malnutrition, and there may be a need to consider supplementing with other items
that examine determinants such as the social facilitation of eating and economic determinants of
nutrition [50–52].

In line with this, we found that SNAQ was significantly associated with social frailty, life-space
mobility and muscle function. Notably, a higher SNAQ cutoff of ≤15 showed a stronger association
with social frailty compared to the traditional cutoff of ≤14. These observations remained significant
even after adjustment for MNA, suggesting that anorexia (as measured by SNAQ) predicts risk of
malnutrition above and beyond the effect of MNA in healthy older adults. This finding also reinforces
the relationship between appetite and social influences, and echoes increasing evidence that social
eating norms play a role in the development of healthy eating behavior and maintenance of adequate
nutrition, especially in later life [53,54]. While many factors contribute to poor appetite (e.g., disease,
drugs, depression, socioeconomic factors, impaired masticatory function) [55], in robust older adults
without comorbid diseases, the predominant precursor of malnutrition risk may be related to the
concept of anorexia of aging instead [56]. Anorexia of the aging involves physiological processes
such as age-related neurohormonal changes (e.g., decline in central orexigenic neuropeptide activity,
increase in cholecystokinin levels), decline in taste and smell, and reduced antral stretch that collectively
lead to a notable decline in food intake with age, and represents an entity that exists discrete from
pathological causes of anorexia [9,57–59]. Anorexia can lead to malnutrition and weight loss, which in
turn increases the risk of frailty, disability and mortality [60–62]. This highlights the importance of
screening for anorexia as a forward indicator of risk of malnutrition, even in healthy older adults; a
good example is the incorporation of SNAQ as part of the Rapid Geriatric Assessment to screen for
malnutrition or anorexia as a geriatric syndrome alongside physical frailty, sarcopenia and cognitive
impairment [63].

Some limitations in this study are worth highlighting. First, in terms of the predictive validity of
SNAQ, the cross-sectional analysis limits definitive conclusions about causality, and reverse causality
to account for the observed associations cannot be excluded. Next, our study comprised predominantly
Chinese participants who were cognitively-intact, independent and nonfrail. These findings may not
be generalizable to other non-Chinese Asian settings with more frail older adults, or communities with
culturally-diverse eating behaviors which may limit interpretation of Factor 2 (i.e., satiety and intake)
in the two-factor SNAQ structure. Finally, the low prevalence of risk of malnutrition (5.7%) in our
study, which is consistent with the more robust health status of study participants, may have decreased
the reliability of SNAQ compared to prior validation studies. We recommend more studies in different
populations to examine the influence of socio-cultural characteristics on factor structure and reliability
of SNAQ as a screening tool for risk of malnutrition in robust older adults.

5. Conclusions

In conclusion, our study found a higher optimal cutoff of ≤15 for SNAQ as a screening tool for
risk of malnutrition in healthy community-dwelling older adults. Compared with the recommended
cutoff of ≤14, the higher cutoff improves diagnostic performance by increasing sensitivity of SNAQ
for anorexia detection to facilitate earlier detection of malnutrition risk in healthy older adults for
timely nutritional assessment and intervention. Our study adds to the growing body of evidence
regarding the psychometric properties of SNAQ, by explicating a two-factor structure comprising
‘Appetite Perception’ and ‘Satiety and Intake’ and affirming the validity of SNAQ in healthy older
adults. Importantly, we also demonstrated the association of anorexia with other important health
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outcomes such as social frailty, life-space mobility and muscle function. Our findings set the stage for
further longitudinal studies among relatively robust community-dwelling older adults to corroborate
the predictive validity for adverse outcomes associated with malnutrition risk, and to further delineate
the sociocultural and pathophysiological mechanisms that underpin the relationship between anorexia
and risk of malnutrition.
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