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ABSTRACT

The reliability of neck circumference measurement as an assessment tool for older
adults requiring long-term care remains unknown. This study aimed to evaluate the
reliability of neck circumference measurement in older adults requiring long-term
care, and the effect of edema on measurement error. Two physical therapists
measured the neck circumference. Intraclass correlation coefficient (ICC) and
Bland-Altman analyses were performed to examine the reliability of neck
circumference measurement. Correlation analysis was used to evaluate the
relationship between edema values (extracellular water/total body water) and neck
circumference measurement difference. For inter-rater reliability of neck
circumference measurement, the overall ICC (2,1) was 0.98. The upper and lower
limits of the difference between examiners ranged from —0.9 to 1.2 cm. There was no
association between edema values and neck circumference measurement error. Thus,
measurement of the neck circumference in older adults requiring long-term care is a
reliable assessment tool, with a low error rate, even in older adults with edema.

Subjects Anatomy and Physiology, Geriatrics, Healthcare Services
Keywords Bioelectric impedance analysis, Reliability, Neck circumference, Long-term care, Edema

INTRODUCTION

The worldwide population of people aged 60 years or older is expected to double by 2050,
with significant health and economic consequences (Shlisky et al., 2017). With the aging of
the population, increasing numbers of older adults will require long-term care;
accordingly, care and support for older adults are becoming important issues

(Abdi et al., 2019). Older adults requiring long-term care have higher rates of malnutrition
(Sato et al., 2021). Malnutrition is associated with further decline in physical function
(Reber et al., 2019), reduced activities of daily living (ADLs) (Mukundan et al., 2022), and
increased mortality (Norman, HafS & Pirlich, 2021). This suggests the importance of early
detection of poor nutritional status in older adults through screening, allowing for early
intervention (Serdn-Arbeloa et al., 2022).
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Limb circumference measurement is commonly used as a simple nutritional screening
assessment in facilities without specialized equipment (Weng et al., 2018). However,
circumferential measurement of the extremities in older adults who require long-term
care presents many challenges. For instance, proper evaluation of the circumference of
the extremities is difficult in individuals with edema, resulting in overestimation of the
circumference of the lower extremities (Ishida et al., 2019), and in those with limb
contractures. Among anthropometric indices, measurement of the neck circumference is
less time-consuming, and is less susceptible to limb impairment. Several studies have
reported that neck circumference is associated with nutritional status (Wakabayashi ¢
Matsushima, 2016) and swallowing-related muscle strength (Yoshida et al., 2019), and is
also a predictive marker for sarcopenia (Sato et al., 2022) and frailty (Tanaka et al.,
2020). Further, Lardiés-Sanchez et al. (2019) reported that the neck circumference is
more accurate for nutritional screening than lower leg and upper arm circumferences in
older adults requiring long-term care. This suggests that the neck circumference is a
useful nutritional screening tool for older adults requiring long-term care.

Anthropometric methods have inherent limitations due to measurement error.
Inter-rater reliability must be verified to clarify the clinical utility of anthropometry.
However, the reliability of neck circumference measurement in older adults has not been
clarified (LaBerge et al., 2009; Stomfai et al., 2011). We hypothesized that the neck
circumference measurement as an assessment tool for older adults requiring long-term
care is highly reliable. Therefore, this study aimed to clarify (1) the examiner reliability of
neck circumference measurement in older adults requiring long-term care, and (2) the
effect of edema on the measurement error in neck circumference.

MATERIALS AND METHODS
Study design

We conducted a single-site cross-sectional study, as an all-participant survey, in March
2023. The Ethical Review Committee of the International University of Health and
Welfare approved this study (approval numbers: 21-I0-22-2, 17-I0-189-7), and all
participants (or their family members) provided signed informed consent. The study was
conducted in accordance with the principles of the Declaration of Helsinki.

Study setting and participants

Participants comprised older adults who were determined to be in need of support or care
under the Japanese long-term care insurance system and used a day care rehabilitation
facility for older adults (Yamada ¢ Arai, 2020). All 146 participants using day care facility
were approached in March 2023, and all users were able to give consent. Only 108 older
adults were included in the study analysis. Exclusion criteria were as follows: (1) age under
65 years, (2) age over 100 years, (3) inability to measure extracellular water to total body
water (ECW/TBW), and (4) missing data (Fig. 1).
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+ Under 65 years of age (n=9)
——————— » + Over 100 years of age (n=2)
+ No measurement of ECW/TBW (n=24)
* Missing data (n=3)

h 4
Analyzed in this study

n=108

Figure 1 Flowchart of study participant selection. ECW/TBW: extracellular water/total body water.
Full-size k4] DOT: 10.7717/peerj.16816/fig-1

Data collection and measures

Neck circumference

Two physiotherapists working at the facility (Examiner A and Examiner B) each measured
the neck circumference of the participants. Neck circumference was measured in
millimeters using a measuring tape, in accordance with a previous study of older adults
requiring long-term care in Japan. Specifically, the neck circumference was measured
perpendicular to the longitudinal axis of the neck, just below the larynx (thyroid cartilage),
with the participant in the sitting position (Wakabayashi ¢ Matsushima, 2016). Prior to
the physical measurement evaluation, we ensured that there were no differences in
measurement methods between the examiners. The two examiners measured the same
participant twice, in a blinded fashion so that the other examiner would not know the
results of the measurement.

Covariates

Edema was assessed as the ECW/TBW using a body composition analyzer (InBodyS10;
InBody, Tokyo, Japan). ECW/TBW is higher in cases with increased fluid, and ECW/
TBW, as measured by bioelectrical impedance analysis, is associated with the prognosis in
older adults (Inal et al., 2014; Zheng et al., 2022). ECW/TBW 2 0.400 is considered to
reflect overhydration; thus, in accordance with previous studies, participants with ECW/
TBW 2 0.400 were considered as overhydrated (Zheng et al., 2022). Age, sex, height,
pre-existing medical conditions, and ADL as assessed by the Barthel Index, were obtained
from the facility’s medical records (Bouwstra et al., 2019). Data on cerebrovascular
diseases, orthopedic conditions, intractable neurological diseases, cancer, cardiovascular
diseases, respiratory diseases, diabetes, and hypertension were obtained from institutional
medical records. Pre-existing medical conditions were defined as physician diagnoses.

Statistical analysis
Intraclass correlation coefficient (ICC), and Bland-Altman analyses were performed to
evaluate the reliability of neck circumference measurement. To test the intra-examiner
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Table 1 Participant characteristics.

Total (n = 108)

Sex, female (%) 38.9

Age (years) 79.9 + 6.5
Height (cm) 159.9 £ 9.0
Weight (kg) 59.3 + 10.7
BMI (kg/m?) 232 +35
Barthel index (score) 843 + 184
Neck circumference (cm) Examiner A first 36.5+2.9
Examiner A second 36.5+29
Examiner B first 364 + 3.0
Examiner B second 364 + 3.0
ECW/TBW 0.4 +£0.0
SMI (kg/m?) 64+ 1.1
FAT (%) 28.7 £ 9.9
Cerebrovascular disease (%) 60.2
Orthopedic disease (%) 54.6
Intractable neurological disease (%) 13.0
Cancer (%) 17.6
Cardiovascular disease (%) 25.9
Respiratory disease (%) 14.8
Diabetes mellitus (%) 23.1
Hypertension (%) 46.3

Note:

Data are presented as the mean + standard deviation, unless otherwise noted. BMI, body mass index; ECW/TBW,
extracellular water/total body water; SMI, skeletal muscle mass index; FAT, body fat percentage.

reliability of the two examiners, ICC (1,1) was performed for Examiner A and Examiner B
separately. For inter-rater reliability, ICC (2,1) was calculated using the first value of the
two neck circumference measurements for each examinee. ICC values below 0.50 indicate
low reliability, values between 0.50 and 0.75 indicate moderate reliability, values between
0.75 and 0.90 indicate good reliability, and values greater than 0.90 indicate high reliability
(Koo & Li, 2016).

Bland-Altman analysis was used to examine the types of bias among examiners. A
scatterplot (Bland-Altman plot) was created with the difference between the two
measurements (value of Examiner A—value of Examiner B) (d) on the y-axis and the mean
of the two measurements on the x-axis, and the limit of agreement (LOA) was calculated
(Bland & Altman, 1986).

In addition, Pearson’s correlation analysis was used to evaluate the relationship between
the ECW/TBW and inter-rater measurement absolute value of the difference.

RESULTS

A total of 108 older adults (66 men and 42 women) participated in this study (Fig. 1).
Table 1 summarizes the basic attributes and pre-existing medical conditions of the study
participants.
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Table 2 Inter-examiner reliability for neck circumference measurement.

n ICC (2,1) 95% CI Bias 95% LOA
ALL 108 0.98 [0.97-0.99] 0.1 -0.9 to 1.2
Male 66 0.98 [0.97-0.99] 0.0 -0.9 to 1.0
Female 42 0.95 [0.88-0.98] 0.3 -0.8 to 1.4
Age (years) 65-74 19 0.98 [0.94-0.99] 0.1 -12to 1.3
Age (years) 2 75 89 0.98 [0.98-0.99] 0.1 -0.8 to 1.1
ECW/TBW < 0.40 68 0.98 [0.97-0.99] 0.1 -1.0 to 1.2
ECW/TBW = 0.40 40 0.98 [0.96-0.99] 0.2 -0.8 to 1.1

Note:
ICG, intraclass correlation coefficient; LOA, limit of agreement; MDC, minimal detectable change; CI, confidence
interval; ECW/TBW, extracellular water/total body water; Bias, mean value of the difference between methods.
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Figure 2 Bland-Altman plots for the inter-rater reliability of neck circumference measurement. Bland-Altman plots are shown for (A) all
participants (bias: 0.1, 95% LOA: —0.9 to 1.2) and (B) the edematous group (bias: 0.2, 95% LOA: —0.8 to 1.1). Bias reflects the mean value of the
difference between examiners, and the 95% LOA (limit of agreement) was calculated as follows: bias + 1.96 x (standard deviation of the difference
between examiners). The middle line denotes the bias and dashed lines denote the 95% LOA. Full-size K&l DOT: 10.7717/peerj.16816/fig-2

The intra-rater reliability for neck circumference measurement was high, with ICC (1,1)
>0.99, for both examiners A and B (Table S1). The inter-rater reliabilities for neck
circumference measurement are shown in Table 2. The inter-rater reliability for neck
circumference measurement in all participants was high, with ICC (2,1) = 0.98.

The inter-measurement bias was 0.1 cm (95% LOA: —0.9 to 1.2 cm) (Fig. 2). Among
participants with ECW/TBW > 0.400 (edematous group), the inter-rater reliability
for neck circumference was also high, with ICC (2,1) = 0.98. In addition, the
inter-measurement bias was 0.2 cm (95% LOA: —-0.8 to 1.1 cm) (Fig. 2).
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Figure 3 Relationship between ECW/TBW and absolute differences in examiner measurements. No
association was found between the ECW/TBW and inter-rater differences in measurement. ECW/TBW:
extracellular water/total body water. Straight lines indicate approximate curves.
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No association was found between the ECW/TBW and inter-rater measurement
absolute value of the difference (r = —0.01, p = 0.951) (Fig. 3).

DISCUSSION

The present study evaluated the inter-rater reliability of neck circumference measurement
in older adults requiring long-term care. We found that the inter-rater reliability for neck
circumference measurement was ICC (2,1) = 0.98, indicating a high degree of reliability.
Furthermore, differences within —0.9 to 1.2 cm in neck circumference values were shown
to be acceptable as inter-examiner error. To our knowledge, this study is the first to
validate the reliability of neck circumference measurement in older adults requiring
long-term care.

Previous studies have shown that BMI is associated with neck circumference and is a
screening tool for metabolic syndrome (Hingorjo, Qureshi ¢ Mehdi, 2012; Kroll et al.,
2017; Kim, Moon ¢ Yun, 2021). Previous studies have also shown that a decrease in neck
circumference is independently associated with sarcopenia (Sato et al., 2022). Neck
circumference is also used as an indicator to assess non-communicable diseases, and it has
been reported that increased neck circumference is associated with an increased risk of
cardiovascular disease (Asil et al., 2021; Caro et al., 2019). While nutritional indices such as
BMI may lead to overestimation of sarcopenia due to potential internal edema, Do, Kim ¢
Kang (2022) reported that neck circumference predicts sarcopenia better than BMI in
with predicted edema, such as in the case of patients undergoing peritoneal dialysis.
Furthermore, Dogan, Ayhan & de Almeida (2023) found that neck circumference can
predict sarcopenia as accurately as calf circumference—the standard screening tool for
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sarcopenia. This suggests that neck circumference may be a useful tool to assess sarcopenia
among older people requiring long-term care.

Upper arm and calf circumferences are commonly used circumference measurements.
A study of community-dwelling older adults by Foroughi et al. (2011) reported a high
degree of concordance for upper arm circumference measurement, with an inter-examiner
correlations (r) ranging 0.84 to 0.94. In addition, Jamaiyah et al. (2008) reported a 95%
LOA of -0.9 to 0.4 cm and ICC of 0.998 for lower calf circumference measurement in
adults aged 60 years or older, indicating high inter-rater reliability. Similar to these
previous studies of circumference measurement, the present study results indicate neck
circumference as a physical measurement index with high inter-rater reliability. Therefore,
the results suggest that neck circumference can be used as a reliable tool in older adults
requiring long-term care, even in those with contractures or trauma to the upper and lower
extremities or who have difficulty dressing and undressing. Furthermore, the study
confirmed high reliability in overhydrated older adults (ECW/TBW = 0.400) and found no
association between ECW/TBW and inter-rater differences. This suggests that the neck
circumference measurement method is a reliable assessment tool for older adults suffering
from a variety of conditions that cause excess water retention. This study reveals, for the
first time, the intra- and inter-rater reliability of neck circumference to assess sarcopenia in
older adults.

The present study has some limitations. First, this was a single-center study; further
multicenter studies are needed for increased generalizability. Second, the measurements
were taken by two experts working at the facility; therefore, the procedures used in this
study cannot be used in a design in which three or more examiners measure the same
participant. Furthermore, reliability may be reduced with larger numbers of examiners.
Third, although the two examiners were blinded about each other’s measurements taken in
this study—the order of which was also randomized—no counterbalancing was adopted.
In the future, it would be desirable to adopt counterbalancing across the study sample.
Finally, this study focused on a statistical tool; the final decision regarding the clinical
application of the errors identified in this study is left to the researcher/clinician.

CONCLUSIONS

The present study found that neck circumference measurement shows high inter- and
intra-examiner reliability in older adults requiring long-term care. It was also found to be
reliable in those who presented with edema.

ACKNOWLEDGEMENTS

We are grateful to all participants from the Nishinasuno General Home Care Center.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Japan Society for the Promotion of Science Grants-in-Aid
for Scientific Research (grant numbers 23K06873, 21K10581, and 22K17539). The funders

Sato et al. (2024), PeerdJ, DOI 10.7717/peerj.16816 7M1


http://dx.doi.org/10.7717/peerj.16816
https://peerj.com/

Peer/

had no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

Japan Society for the Promotion of Science Grants-in-Aid for Scientific Research:
23K06873, 21K10581, and 22K17539.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Ryo Sato conceived and designed the experiments, performed the experiments, analyzed
the data, prepared figures and/or tables, authored or reviewed drafts of the article, and
approved the final draft.

e Yohei Sawaya conceived and designed the experiments, performed the experiments,
analyzed the data, authored or reviewed drafts of the article, and approved the final draft.

e Masahiro Ishizaka conceived and designed the experiments, performed the experiments,
analyzed the data, authored or reviewed drafts of the article, and approved the final draft.

e Lu Yin conceived and designed the experiments, performed the experiments, authored
or reviewed drafts of the article, and approved the final draft.

e Takahiro Shiba conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the article, and approved the final draft.

e Tamaki Hirose conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the article, and approved the final draft.

e Tomohiko Urano conceived and designed the experiments, performed the experiments,
analyzed the data, authored or reviewed drafts of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The study protocol was approved by International University Health and Welfare Ethics
Review Board (approval numbers: 21-Io-22-2, 17-10-189-7).

Data Availability
The following information was supplied regarding data availability:
The raw measurements are available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.16816#supplemental-information.

Sato et al. (2024), PeerdJ, DOI 10.7717/peerj.16816 8/11


http://dx.doi.org/10.7717/peerj.16816#supplemental-information
http://dx.doi.org/10.7717/peerj.16816#supplemental-information
http://dx.doi.org/10.7717/peerj.16816#supplemental-information
http://dx.doi.org/10.7717/peerj.16816
https://peerj.com/

Peer/

REFERENCES

Abdi S, Spann A, Borilovic J, de Witte L, Hawley M. 2019. Understanding the care and support
needs of older people: a scoping review and categorisation using the WHO international
classification of functioning, disability and health framework (ICF). BMC Geriatrics 19:195
DOI 10.1186/s12877-019-1189-9.

Asil S, Murat E, Tagkan H, Barig VO, Gérmel S, Yasar S, Celik M, Yiiksel UC, Kabul HK,
Bargin C. 2021. Relationship between cardiovascular disease risk and neck circumference
shown in the systematic coronary risk estimation (SCORE) risk model. International Journal of
Environmental Research and Public Health 18:10763 DOI 10.3390/ijerph182010763.

Bland JM, Altman DG. 1986. Statistical methods for assessing agreement between two methods of
clinical measurement. Lancet 1:307-310 DOI 10.1016/j.ijnurstu.2009.10.001.

Bouwstra H, Smit EB, Wattel EM, van der Wouden JC, Hertogh CMPM, Terluin B, Terwee CB.
2019. Measurement properties of the Barthel index in geriatric rehabilitation. Journal of the
American Medical Directors Association 20:420-425.e1 DOI 10.1016/j.jamda.2018.09.033.

Caro P, Guerra X, Canals A, Weisstaub G, Sandaia C. 2019. Is neck circumference an
appropriate tool to predict cardiovascular risk in clinical practice? A cross-sectional study in
Chilean population. BMJ Open 9:¢028305 DOI 10.1136/bmjopen-2018-028305.

Do JY, Kim AY, Kang SH. 2022. Clinical usefulness of neck circumference for predicting
sarcopenia in patients undergoing peritoneal dialysis. Nutrition in Clinical Practice: Official
Publication of the American Society for Parenteral and Enteral Nutrition 37:1366-1375
DOI 10.1002/ncp.10886.

Dogan G, Ayhan NY, de Almeida MDV. 2023. Possible predictors for sarcopenia in
community-dwelling elderly: neck and calf circumferences. Gériatrie et Psychologie
Neuropsychiatrie du Vieillissement 21:69-77 DOI 10.1684/pnv.2023.1086.

Foroughi N, Dylke ES, Paterson RD, Sparrow KA, Fan J, Warwick EB, Kilbreath SL. 2011.
Inter-rater reliability of arm circumference measurement. Lymphatic Research and Biology
9:101-107 DOI 10.1089/1rb.2011.0002.

Hingorjo MR, Qureshi MA, Mehdi A. 2012. Neck circumference as a useful marker of obesity: a
comparison with body mass index and waist circumference. Journal of Pakistan Medical
Association 62:36-40.

Inal S, Erten Y, Okyay GU, Atas N, Oneg K, Yayla C, Tekbudak MY, Sahin G, Tavil Y, Sindel S.
2014. Association between bioimpedance analysis parameters and left ventricular hypertrophy
in peritoneal dialysis patients. International Urology and Nephrology 46:1851-1856
DOI 10.1007/s11255-014-0709-y.

Ishida Y, Maeda K, Nonogaki T, Shimizu A, Yamanaka Y, Matsuyama R, Kato R, Mori N. 2019.
Impact of edema on length of calf circumference in older adults. Geriatrics ¢ Gerontology
International 19:993-998 DOI 10.1111/ggi.13756.

Jamaiyah H Jr, Geeta A, Safiza MN, Wong NF, Kee CC, Ahmad AZ, Suzana S, Rahmah R,
Khor GL, Ruzita AT, Chen WS, Rajaah M, Faudzi A. 2008. Reliability and technical error of
calf circumference and mid-half arm span measurements for nutritional status assessment of
elderly persons in Malaysia. Malaysian Journal of Nutrition 14:137-150.

Kim KY, Moon HR, Yun JM. 2021. Neck circumference as a predictor of metabolic syndrome in
Koreans: a cross-sectional study. Nutrients 13:3029 DOI 10.3390/nu13093029.

Koo TK, Li MY. 2016. A guideline of selecting and reporting intraclass correlation coefficients for
reliability research. Journal of Chiropractic Medicine 15:155-163
DOI 10.1016/j.jem.2016.02.012.

Sato et al. (2024), PeerdJ, DOI 10.7717/peerj.16816 9/11


http://dx.doi.org/10.1186/s12877-019-1189-9
http://dx.doi.org/10.3390/ijerph182010763
http://dx.doi.org/10.1016/j.ijnurstu.2009.10.001
http://dx.doi.org/10.1016/j.jamda.2018.09.033
http://dx.doi.org/10.1136/bmjopen-2018-028305
http://dx.doi.org/10.1002/ncp.10886
http://dx.doi.org/10.1684/pnv.2023.1086
http://dx.doi.org/10.1089/lrb.2011.0002
http://dx.doi.org/10.1007/s11255-014-0709-y
http://dx.doi.org/10.1111/ggi.13756
http://dx.doi.org/10.3390/nu13093029
http://dx.doi.org/10.1016/j.jcm.2016.02.012
http://dx.doi.org/10.7717/peerj.16816
https://peerj.com/

Peer/

Kroll C, Mastroeni SSBS, Czarnobay SA, Ekwaru JP, Veugelers PJ, Mastroeni MF. 2017. The
accuracy of neck circumference for assessing overweight and obesity: a systematic review and
meta-analysis. Annals of Human Biology 44:667-677 DOI 10.1080/03014460.2017.1390153.

LaBerge RC, Vaccani JP, Gow RM, Gaboury I, Hoey L, Katz SL. 2009. Inter- and intra-rater
reliability of neck circumference measurements in children. Pediatric Pulmonology 44:64-69
DOI 10.1002/ppul.20944.

Lardiés-Sanchez B, Arbones-Mainar JM, Perez-Nogueras J, Serrano-Oliver A, Torres-Anoro E,
Sanz-Paris A. 2019. Neck circumference is associated with nutritional status in elderly nursing
home residents. Nutrition 62:153-157 DOI 10.1016/j.nut.2019.01.015.

Mukundan M, Dhar M, Saxena V, Panda PK, Bhat NK. 2022. Nutritional assessment in
hospitalized elderly patients, its sociodemographic determinants and co-relation with activities
of daily life. Journal of Family Medicine and Primary Care 11:5082-5086
DOI 10.4103/jfmpc.jfmpc_1480_21.

Norman K, Haf8 U, Pirlich M. 2021. Malnutrition in older adults-recent advances and remaining
challenges. Nutrients 13:2764 DOI 10.3390/nul13082764.

Reber E, Gomes F, Vasiloglou MF, Schuetz P, Stanga Z. 2019. Nutritional risk screening and
assessment. Journal of Clinical Medicine 8:1065 DOI 10.3390/jcm8071065.

Sato R, Sawaya Y, Ishizaka M, Shiba T, Hirose T, Urano T. 2022. Neck circumference may
predict sarcopenia in Japanese older adults requiring long-term care. Geriatric Nursing
47:159-163 DOI 10.1016/j.gerinurse.2022.07.005.

Sato R, Sawaya Y, Shiba T, Hirose T, Sato M, Ishizaka M. 2021. Malnutrition is associated with
depression in Japanese older adults requiring long-term care or support. Journal of Physical
Therapy Science 33:585-590 DOI 10.1589/jpts.33.585.

Seron-Arbeloa C, Labarta-Monzon L, Puzo-Foncillas J, Mallor-Bonet T, Lafita-Lopez A, Bueno-
Vidales N, Montoro-Huguet M. 2022. Malnutrition screening and assessment. Nutrients
14:2392.

Shlisky J, Bloom DE, Beaudreault AR, Tucker KL, Keller HH, Freund-Levi Y, Fielding RA,
Cheng FW, Jensen GL, Wu D, Meydani SN. 2017. Nutritional considerations for healthy aging
and reduction in age-related chronic disease. Advances in Nutrition 8:17-26
DOI 10.3945/an.116.013474.

Stomfai S, Ahrens W, Bammann K, Kovacs E, Marild S, Michels N, Moreno LA, Pohlabeln H,
Siani A, Tornaritis M, Veidebaum T, Molnar D, Consortium IDEFICS. 2011. Intra- and
inter-observer reliability in anthropometric measurements in children. International Journal of
Obesity 35:545-S51 DOI 10.1038/ijo.2011.34.

Tanaka S, Ando K, Kobayashi K, Seki T, Hamada T, Machino M, Ota K, Morozumi M,
Kanbara S, Ito S, Ishiguro N, Hasegawa Y, Imagama S. 2020. Declining neck circumference is
an anthropometric marker related to frailty in middle-aged and elderly women. Modern
Rheumatology 30:598-603 DOI 10.1080/14397595.2019.1627023.

Wakabayashi H, Matsushima M. 2016. Neck circumference is not associated with dysphagia but
with undernutrition in elderly individuals requiring long-term care. The Journal of Nutrition,
Health & Aging 20:355-360 DOI 10.1007/s12603-015-0587-8.

Weng CH, Tien CP, Li CI, L’Heureux A, Liu CS, Lin CH, Lin CC, Lai SW, Lai MM, Lin WY.
2018. Mid-upper arm circumference, calf circumference and mortality in Chinese long-term
care facility residents: a prospective cohort study. BM] Open 8:€020485
DOI 10.1136/bmjopen-2017-020485.

Yamada M, Arai H. 2020. Long-term care system in Japan. Annals of Geriatric Medicine and
Research 24:174-180 DOI 10.4235/agmr.20.0037.

Sato et al. (2024), PeerdJ, DOI 10.7717/peerj.16816 10/11


http://dx.doi.org/10.1080/03014460.2017.1390153
http://dx.doi.org/10.1002/ppul.20944
http://dx.doi.org/10.1016/j.nut.2019.01.015
http://dx.doi.org/10.4103/jfmpc.jfmpc_1480_21
http://dx.doi.org/10.3390/nu13082764
http://dx.doi.org/10.3390/jcm8071065
http://dx.doi.org/10.1016/j.gerinurse.2022.07.005
http://dx.doi.org/10.1589/jpts.33.585
http://dx.doi.org/10.3945/an.116.013474
http://dx.doi.org/10.1038/ijo.2011.34
http://dx.doi.org/10.1080/14397595.2019.1627023
http://dx.doi.org/10.1007/s12603-015-0587-8
http://dx.doi.org/10.1136/bmjopen-2017-020485
http://dx.doi.org/10.4235/agmr.20.0037
http://dx.doi.org/10.7717/peerj.16816
https://peerj.com/

Peer/

Yoshida S, Tohara H, Nakagawa K, Hara K, Yamaguchi K, Nakane A, Yoshimi K, Ariya C,
Kurosawa Y, Minakuchi S. 2019. Relationship between jaw-opening force and neck
circumference in healthy older individuals. Geriatrics & Gerontology International 19:330-334
DOI 10.1111/ggi.13620.

Zheng K, Lu J, Liu X, Ji W, Liu P, Cui J, Li W. 2022. The clinical application value of the
extracellular-water-to-total-body-water ratio obtained by bioelectrical impedance analysis in
people with advanced cancer. Nutrition 96:111567 DOI 10.1016/j.nut.2021.111567.

Sato et al. (2024), PeerdJ, DOI 10.7717/peerj.16816 11/11


http://dx.doi.org/10.1111/ggi.13620
http://dx.doi.org/10.1016/j.nut.2021.111567
http://dx.doi.org/10.7717/peerj.16816
https://peerj.com/

	Neck circumference is a highly reliable anthropometric measure in older adults requiring long-term care
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


