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Anthropometric reference data for elderly Swedes and its

disease-related pattern

NN Gavriilidou, M Pihlsgard and S Elmstahl

BACKGROUND/OBJECTIVES: Anthropometric measurement is a noninvasive and cost-efficient method for nutritional assessment.
The study aims to present age- and gender-specific anthropometric reference data for Swedish elderly in relation to common
medical conditions, and also formulate prediction equations for such anthropometric measurements.

SUBJECTS/METHODS: A cross-sectional study among random heterogeneous sample of 3360 subjects, aged 60-99 years, from a
population study ‘Good Aging in Scania. Means (+s.d.) and percentiles for height, weight, waist-, hip-, arm-, calf circumferences,
triceps- (TST) and subscapular skinfold thickness (SST), body mass index (BMI), waist-hip ratio (WHR) and arm muscle circumference
(AMC) were presented. The values were estimated based on the prevalence of myocardial infarction (MI), cardiac failure (CHF),
stroke, cognitive impairment, dementia and dependence in daily living activities (ADL). Linear regression analysis was used to
formulate the prediction equations.

RESULTS: Mean BMI was 27.5 +5.8 kg/m? (men) and 27.2 + 8.1 kg/m? (women). WHR was higher among men (Men: 0.98 0.3,
women: 0.87 £0.2), except at age 85+ (women: 0.91 +0.6). TST was 6.7 £ 0.4 mm higher among women. Men with Ml had BMI:
28.6 +4.8 kg/m? and SST: 21 +9.2 mm, whereas subjects with dementia had lower weight (by 9.5 + 2.9 kg) compared with the non-
demented. ADL-dependent women had BMI= 29.0 +3.9 kg/m? TST=19.2+ 1.3 mm.

CONCLUSION: New normative data on gender- and age-specific anthropometrics on the general elderly population are presented.
Cardiovascular diseases are associated with subcutaneous and central adiposity opposed to fat loss with dementia. ADL
dependence indicates inadequate physical activity. The prediction models could be used as possible indicators monitoring physical

activity and adiposity among the general elderly population hence potential health indicators in health promotion.
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INTRODUCTION

Monitoring and evaluation of health status of elderly individuals
principally takes into account genetics, sociodemographic, dietary
and lifestyle factors." Anthropometric testing is noninvasive and
cost-efficient, effective in population-based studies.? World Health
Organization has assembled international anthropometric data for
health assessment, nutrition and well-being emphasizing the
significance of phenotypic impact of aging, senility and associated
diseases. This urges the collection of normative anthropometric
data specific for elderly.® There have been several such interna-
tional publications previously,"*™ such as, the SENECA study on
nutritional health in 13 Western European countries.® In Scandi-
navia, similar studies have been conducted where only height,
weight and body mass index (BMI) were measured. Hence, there is
a need for additional measurements that help in the better and
holistic understanding of the anthropometric status. In this regard,
it is worthy to mention the gerontological and geriatric population
studies of Gothenburg (H-70) that additionally presented skinfold
thicknesses (SST) and circumference measurements, although only
among 70-year olds.”'® Longitudinal studies on anthropometric
changes were done among 75-year olds in three Scandinavian
localities (NORA)'" and middle-aged Swedish women.'? However,
these studies have not considered the influence of underlying
medical status and were targeted among specific gender- or age
groups (70-75 years). In addition, NORA study included a relatively
small sample size of 450 individuals.

There are certain ageing-related common medical conditions
(CMCQ) and nutritional disorders that can be independent and
interactive risk factors for mortality from systemic and metabolic
conditions.” To the best of our knowledge, there is no recent
publication on gender- and age-specific anthropometric reference
data for Swedish elderly population taking into account under-
lying diseases. It is therefore important to estimate this based on a
large nationally representative sample. This study aims to describe
the gender- and age-specific normative anthropometric data for a
large national cohort of Swedish elderly, categorized based on the
incidence of CMC namely myocardial infarction (MI), cardiac failure
(CHF), stroke, cognitive impairment, dementia, instrument and
personal dependence in instrumental (iADL) and personal
activities of daily living (pADL).

MATERIALS AND METHODS

Study design

A cross-sectional study was conducted among subjects from a long-
itudinal, population study ‘Good Aging in Skane’ (GAS), part of Swedish

National survey on Aging and Care (SNAC).'*'® The study was approved by
the Ethical Committee at Lund University (LU 744-00).

Study population

The study involved a heterogeneous sample of men and women, from five
urban (third largest and midsize cities) and rural municipalities of the
province of Scania, south Sweden, with similar sociodemographic

Division of Geriatric Medicine, Department of Health Sciences, Lund University, Skane University Hospital, Malmo, Sweden. Correspondence: Dr NN Gavriilidou, Division of
Geriatric Medicine, Department of Health Sciences, Lund University, Skane University Hospital, Jan Waldenstroms gata 35, 205 02 Malmo, Sweden.

E-mail: Nivetha.Natarajan@med.lu.se

Received 1 December 2014; revised 29 March 2015; accepted 31 March 2015; published online 20 May 2015


http://dx.doi.org/10.1038/ejcn.2015.73
mailto:Nivetha.Natarajan@med.lu.se
http://www.nature.com/ejcn

Anthropometric reference data for elderly Swedes )
NN Gavriilidou et al @

1067

characteristics as the rest of the country. GAS included subjects from age
cohorts 60, 66, 72, 78, 81, 84, 87, 90 and 93 years, with an oversampling of
youngest and oldest cohorts. The aim was to recruit 700 subjects in ages
60 and 66 years, respectively, 250 subjects in ages 78, 81, 84 and 87 years,
respectively, 200 subjects in the age 90 years and 100 subjects in age 93
years. Target populations were randomly invited using the National
Population Registry.

The current study consists of 3360 subjects, aged 60-99 years, who
accepted to participate in the follow-up examination of GAS conducted in
2007-2010. Response rate was 80%. Of the 3360 subjects, 1832 subjects
had participated in the GAS baseline examination and 1528 were newly
added. On the basis of a pre-established criteria a total of 3142 subjects
(1688 from baseline and 1454 newcomers) formed the study population
and 218 (144 from baseline and 74 newcomers) were excluded because
they had missing data for one or more of the anthropometric variables
under study. An attrition analysis was carried out to examine and compare
the nonparticipants (n=1099) with the participants. The nonparticipants
were recruited at baseline who dropped out for various reasons like death
or migration (data not shown).

Data collection

All examinations were done at the Clinical Research Center, Malmg,
Medical Faculty, Lund University and Skane University Hospital. Home visits
were offered if the participants so wanted. An informed consent was
obtained from all subjects. Qualified physicians and nurses conducted the
survey, medical examinations and physical functioning tests. Data on
sociodemographics, physical, mental health and social factors were
collected using a questionnaire from SNAC including previously validated
variables."

The descriptive variables were age, sex, place of birth, marital status,
education, alcohol consumption, smoking habits and physical activity. The
marital status denoted if single, married, divorced or living with a partner.
Education was stratified into primary, secondary, higher secondary or
university level. Smoking status indicated if regular, irregular or quit
smoking. Alcohol frequency included responses as ‘have never drunk’, ‘a few
times in the last year but not since last month’, ‘have had alcohol a few times
in the last month’. The degree of physical activity was investigated in terms
of intensity of training and categorized into barely physically active (‘nothing
at all’ and ‘very light activity, that is, mostly sedentary, rarely a walk, light
gardening or similar, sometimes light housework such as heating food,
dusting’), mild (‘easier physical exertion ~2-4 h per week such as, walking,
dancing and so on. Primary responsibility for light housework, like cooking,
dusting, assisting in the weekly cleaning’), moderate (‘strenuous exercise
1-2 h per week, for example, jogging, swimming, fitness classes, heavier
gardening and light exercises >4 h per week, responsible for all easy and
heavy housework. Weekly chores including by vacuuming, floor/window
cleaning’), heavy (‘strenuous exercise at least 3 h per week, such as tennis,
swimming, jogging’) and very heavy (‘Hard exercise regularly/several times
a week, such as running, skiing’).

Anthropometrics

Measurements were made by trained nurses, using validated and
standardized protocols and calibrated instruments. Height, weight, waist-,
hip-, arm- and calf circumferences and TST and SST were measured.'*®'”
BMI, waist-hip ratio (WHR) and arm muscle circumference (AMC)
were calculated using respective mathematical formulae. BMI=weight
(kg)/height (m?); WHR =waist circumference (cm)/hip circumference (cm);
AMC =arm circumference (cm)—3.142x TST (cm).'®"?

Height was measured using a measuring tape with the individual
standing erect with shoulder blades, buttocks and heels against a wall and
straight fixed gaze. Arms were along the sides, shoulders relaxed, legs
straight, knees touching each other, feet flat and heels together. Readings
were made in cm with one decimal value. Bedridden patients and those
using a wheel chair were excluded from our study.

Weight (in kg) was measured with a precision balance scales in the
morning with light clothes and no shoes, after voiding bowels and bladder
in nonfasting conditions. The balance was manufactured by Tanita
Corporation, Japan, and calibrated annually by the Technical Medical
Division at Skane University Hospital, Malmo, Sweden. The precision of the
scale was +50g.

Waist circumference was measured at a level midway between the
lowest rib and the iliac crest. Hip circumference was measured at the level
of the great trochanters with the legs close together. Arm- and calf
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circumference were measured at the point of maximum convexity of
biceps and calf muscles, respectively, with the limbs in completely relaxed
position. All circumference measurements using a soft, nonelastic
measuring tape, calibrated in millimeters, wound free from tension around
the appropriate anatomic site.

SST (in mm) measured the double thickness of skin, underlying
connective tissue and subcutaneous fat, but not the muscle. The
Harpenden caliper (Baty International, Burgess Hill, West Sussex, UK) was
applied 1 cm below and at right angles to the pinch. TST was measured at
the level of the midpoint between the bony upper tip of shoulder
(acromiale) and elbow joint (radiale) on the back of the left arm over the
surface of the triceps muscle. SST was measured at the level of lower angle
of scapula. TST and SST were measured in mm with one decimal and
rounded to the nearest 0.2 mm.%°

All measurements were made on the right side unless there was
previous amputation, paralysis or contracture. All tests were made by two
and the same nurses, who repeated the observations twice and calculated
the average. No adjustments were made for possible interobserver
variation.

Common medical conditions

Information from medical records, medical examination and functional
tests were used to investigate the presence of CMC namely MI, CHF, stroke,
dementia, cognitive impairment, iADL and pADL dependence.

The categorization of somatic diseases was based on the International
Classification of Diseases (ICD-10) criteria. The category ‘MI also included
angina and arrhythmia. Symptomatic CHF was defined from the NYHA
(New York Heart Association) criteria and included subjects with NYHA
class 1I-IV symptoms.?' The category ‘stroke’ included cerebral infarction,
hemorrhage and transient ischemic attack. Dementia was defined based
on the criteria in the Diagnostic and Statistical Manual of Mental Disorders
IV according to the American Psychiatric Association Diagnostic and
Statistical Manual.??> Cognitive impairment was defined as scoring below
24 points on the MMSE (Mini-Mental State Examination).?®

Functional ability was assessed by self-reporting on Hulter-Asberg’s ADL
scale that has demonstrated high validity and reliability.?*?* The variable
was coded into independence in daily living activities, dependence in iADL
and dependence in pADL. It is an 11-step scale (0-10) where score-0
corresponds to completely independent individuals and score-10 to those
who are dependent on all 10 instrumental and personal activities. pADL
includes questions relating to hygiene, dressing/undressing, toilet use,
mobility and food intake and iADL includes questions on grocery
shopping, cooking and cleaning. A reduced pADL means also a reduction
in IADL; however, the opposite does not apply.?®

Statistical analysis
Data were categorized according to sex and age groups of 60-64, 65-69,
70-74, 75-79, 80-84 and 85+ years.

Results are expressed as means, s.d. and 10th, 25th, 50th, 75th and 90th
percentiles. The assumptions of analysis of variance were tested by
inspecting P-P plots of the standardized regression residuals. This did not
raise any serious concerns regarding normality and homoscedasticity. One-
way analysis of variance analysis was used in two settings: to test the
differences in the mean values of the all the anthropometric measures
across the different age groups and between the groups with and without
each CMC.

The association between the CMC and anthropometric measures was
investigated using linear regression analysis. Age-adjusted, gender-specific
regression equations to predict weight, BMI and waist-hip ratio were
formulated. SPSSv.20 (Armonk, NY, USA) was used. P < 0.05 was considered
statistically significant.

RESULTS

A total of 3142 subjects, mean age 71+ 10.4 years, included 44.4%
men and 55.6% women. There were 62.4% who were married,
39.5% smokers, 33.2% who consumed alcohol at least until last
month, 6.9% barely physically active, 26.4% had moderate activity
and 51.5% had at least primary education. The attrition analysis
showed the nonparticipants were generally older, with greater
burden of those diseases under study and particularly those aged
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Table 1. Mean, s.d. and 10th, 25th, 50th, 75th, 90th percentiles of anthropometric measurements among elderly men and women aged > 60 years
Anthropometric measures Age n Mean s.d. 10th 25th 50th 75th 90th
percentile  percentile  percentile  percentile  percentile
Men (n=1454)

Height* (cm) 60-64 442 177.5 6.7 169.0 1733 177.9 182.0 185.3
65-69 289 175.8 9.3 167.8 171.6 176.2 180.4 184.2
70-74 231 1751 6.3 166.7 171.6 175.0 179.0 183.0
75-79 73 174.1 71 166.0 170.0 173.0 177.0 182.0
80-84 172 173.0 6.5 165.0 169.1 1731 177.0 181.0
>85 112 171.0 71 161.5 166.0 170.9 176.7 179.9
All men 1319 1754 7.6 166.5 171.0 175.6 180.0 184.0
Weight* (kg) 60-64 433 86.9 14.1 69.8 77.2 854 95.3 104.6
65-69 280 86.9 15.3 70.3 76.7 85.5 954 108.3
70-74 228 84.3 13.0 69.7 76.5 81.7 90.9 100.5

75-79 70 83.7 11.8 70.0 74.7 82.7 90.8 97.7

80-84 172 79.9 11.8 65.2 72.2 78.9 86.0 95.7

>85 107 75.5 11.8 58.4 68.1 75.5 829 90.1
All men 1290 84.4 141 68.5 75.1 82.6 92.2 102.7

BMI* (kg/mz) 60-64 432 27.5 4.0 23.2 24.9 27.0 299 323
65-69 276 28.4 9.9 23.2 25.1 273 30.2 34.4

70-74 228 27.5 3.9 23.2 25.0 26.8 29.6 32.0

75-79 66 27.5 3.2 23.6 255 274 293 320

80-84 169 26.7 3.5 22.7 239 264 29.2 316

>85 106 258 3.7 213 228 254 28.7 30.9

All men 1277 27.5 5.8 229 24.7 26.9 29.6 323
Waist circumference (cm) 60-64 449 99.2 12.2 85.2 92.0 97.5 106.0 114.6
65-69 304 101.5 129 87.0 93.0 100.0 109.0 118.5

70-74 237 99.4 12.8 87.0 923 99.0 106.0 113.1
75-79 84 100.3 10.5 89.0 94.2 100.3 105.9 112.8
80-84 173 99.4 10.3 86.4 92.2 98.5 106.8 112.9
>85 107 97.3 10.4 83.9 90.2 98.0 105.0 111.6
All men 1354 99.7 12.0 86.1 925 99.0 106.3 114.6
Hip circumference (cm) 60-64 449 100.7 9.3 92.0 96.4 100.5 105.4 110.0
65-69 304 101.7 9.4 93.0 96.0 101.0 106.2 112.8
70-74 237 102.1 8.1 934 97.0 101.1 106.1 112.7
75-79 84 102.7 74 94.7 98.1 101.1 106.9 114.4
80-84 171 102.8 7.0 93.8 98.0 102.4 107.9 112.0
>85 107 101.5 7.4 924 96.7 101.0 106.0 110.2
All men 1352 101.6 8.6 93.0 97.0 101.0 106.0 111.7

Waist : hip ratio 60-64 449 1.00 0.47 0.90 0.94 0.98 1.02 1.08
65-69 304 0.999 0.10 0.92 0.95 0.99 1.03 1.08

70-74 237 0.97 0.09 0.90 0.94 0.97 1.01 1.06

75-79 84 0.98 0.08 0.90 0.94 0.97 1.03 1.08

80-84 171 0.97 0.07 0.89 0.93 0.97 1.00 1.04

>85 107 0.96 0.08 0.86 0.91 0.96 1.02 1.07

All men 1352 0.98 0.28 0.90 0.94 0.98 1.02 1.07

Skinfold thickness-triceps* (mm) 60-64 449 17.0 10.2 6.4 9.3 14.2 21.5 34.0
65-69 304 13.5 74 6.4 8.4 11.7 16.2 235

70-74 235 13.2 6.1 7.2 9.0 11.9 16.0 21.8

75-79 79 125 5.9 6.2 8.0 11.2 15.8 19.5

80-84 176 11.8 5.0 6.5 8.4 11.2 144 19.2

>85 112 11.0 5.5 5.4 7.3 10.9 13.2 17.6

All men 1355 14.1 8.1 6.4 8.6 12.0 16.9 25.0

Skinfold thickness-subscapular* (mm) 60-64 445 20.6 7.8 12.0 15.0 19.8 25.2 32.1
65-69 305 204 9.3 11.6 14.4 19.0 23.95 325

70-74 237 19.2 8.1 11.1 14.0 18.0 22.8 29.5

75-79 80 17.8 6.2 10.6 139 17.3 21.7 24.7

80-84 174 18.2 6.8 104 13.2 17.0 22.1 27.3

>85 110 14.97 5.7 7.8 11.2 14.6 18.7 21.8

All men 1351 19.4 8.0 11.0 14.0 18.2 232 30.0

Arm circumference* (cm) 60-64 450 31.1 3.1 274 29.2 31.0 33.0 35.3
65-69 304 313 3.1 27.6 293 31.0 33.0 36.0

70-74 236 303 2.9 27.0 28.9 30.2 320 34.0

75-79 83 29.6 23 26.3 28.0 29.8 31.0 325

80-84 178 28.7 2.6 255 26.8 28.7 30.6 320

>85 115 27.1 3.1 23.0 25.0 27.0 29.0 30.6

All men 1366 303 3.3 26.2 28.0 30.2 320 34.0
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Table 1. (Continued)

Anthropometric measures Age n Mean s.d. 10th 25th 50th 75th 90th
percentile  percentile  percentile  percentile  percentile

Calf circumference* (cm) 60-64 449 384 2.99 35.0 36.5 384 40.0 42.0
65-69 305 38.2 45 33.96 355 376 40.0 421

70-74 238 373 2.8 33.0 355 37.0 39.0 40.9

75-79 84 36.7 25 335 35.1 36.5 384 40.1

80-84 178 36.7 83 31.97 344 36.2 384 40.1

>85 115 345 3.8 304 325 344 36.6 39.0

All men 1369 375 4.5 333 353 373 39.5 41.5

Arm muscle circumference* (cm) 60-64 449 25.7 3.5 209 23.7 25.9 28.0 30.2
65-69 304 27.1 29 232 256 273 28.8 30.8

70-74 235 26.2 2.8 22.8 24.7 26.4 27.9 29.0

75-79 79 256 25 22.7 245 25.9 27.4 28.4

80-84 176 24.95 23 223 234 24.9 26.6 27.8

>85 112 236 2.8 19.7 21.8 23.6 254 26.7

All men 1355 258 3.2 21.7 239 25.9 27.9 29.6

Women (n=1688)

Height* (cm) 60-64 502 163.3 6.4 155.6 158.8 163.2 168.0 171.3
65-69 323 163.6 5.95 156.0 159.1 163.5 168.2 171.7
70-74 239 162.3 5.8 155.0 158.0 162.3 166.0 170.0
75-79 103 159.5 5.6 152.5 154.9 159.8 163.7 166.6

80-84 226 158.7 5.9 152.4 155.5 159.0 162.3 166.1
>85 210 155.9 6.6 148.0 152.0 155.0 160.2 163.6
All women 1603 161.4 6.7 153.0 157.0 161.3 166.0 170.0

Weight* (kg) 60-64 495 72.6 14.1 56.5 63.0 70.8 80.0 90.0
65-69 308 73.0 14.1 57.5 64.3 71.0 80.6 90.1

70-74 236 71.1 13.3 56.2 61.4 69.3 78.9 90.1

75-79 100 75.1 39.7 56.5 63.4 68.6 77.8 88.6

80-84 222 70.0 323 55.7 60.2 67.8 755 82.1

>85 210 61.7 12.0 46.5 52.7 61.0 69.8 76.5

All women 1571 70.8 20.2 54.8 61.0 68.9 779 87.9

BMI* (kg/m?) 60-64 493 27.3 53 21.6 234 26.4 30.2 341
65-69 302 27.3 5.2 21.7 236 26.7 29.7 336

70-74 235 26.9 49 215 233 26.5 303 335

75-79 98 29.7 16.9 226 24.6 274 31.7 348

80-84 220 27.8 13.6 219 239 26.8 29.7 33.0

>85 205 253 4.6 19.5 222 25.0 284 31.1

All women 1553 27.2 8.1 214 235 26.4 29.7 334
Waist circumference* (cm) 60-64 518 89.6 13.1 73.5 80.0 88.5 97.1 107.0
65-69 355 91.0 14.3 745 81.0 91.0 99.0 108.5
70-74 253 90.8 13.5 74.0 80.0 90.0 100.0 109.0
75-79 109 91.9 12.8 76.0 82.6 91.2 99.0 109.0
80-84 223 90.3 11.2 76.0 82.6 89.1 98.0 105.8
>85 210 87.5 11.6 73.0 794 87.3 94.0 102.0
All women 1668 90.1 13.0 74.5 80.2 89.2 98.0 107.0
Hip circumference*(cm) 60-64 517 103.7 11.6 91.0 96.2 102.0 109.6 117.0
65-69 355 104.3 11.2 91.6 97.0 103.0 110.0 119.0
70-74 253 104.6 11.6 92.0 97.5 103.6 111.0 119.2

75-79 108 105.0 10.0 93.0 99.0 104.0 109.8 116.1
80-84 224 104.4 9.4 93.5 98.0 103.0 110.7 115.5
>85 209 100.5 12.3 89.0 94.9 100.8 107.1 113.5
All women 1666 103.7 1.3 91.5 97.0 102.8 110.0 117.0
Waist: Hip ratio 60-64 517 0.86 0.07 0.77 0.81 0.86 0.907 0.954
65-69 355 0.87 0.10 0.77 0.82 0.86 0917 0.957
70-74 253 0.87 0.10 0.76 0.82 0.86 0914 0.967
75-79 108 0.87 0.08 0.79 0.82 0.86 0.912 0.975
80-84 223 0.87 0.08 0.78 0.81 0.86 0.914 0.972
>85 209 0.91 0.59 0.77 0.81 0.86 0911 0.980
All women 1665 0.87 0.23 0.77 0.82 0.86 0.911 0.962

Skinfold thickness-triceps* (mm) 60-64 516 23.8 79 13.9 18.0 23.0 29.2 356
65-69 352 214 7.3 125 16.0 20.5 25.2 31.7

70-74 248 20.6 6.8 12.6 15.8 19.9 24.8 30.0

75-79 110 18.9 6.1 12.2 15.2 18.3 221 26.7

80-84 222 18.3 6.7 9.8 13.9 17.7 228 273

>85 212 16.2 6.7 89 12.0 15.0 19.8 24.8

All women 1660 20.8 7.7 1.7 15.2 20.0 25.2 315
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Table 1. (Continued)
Anthropometric measures Age n Mean s.d. 10th 25th 50th 75th 90th
percentile  percentile  percentile  percentile  percentile
Skinfold thickness-subscapular* (mm) 60-64 510 214 8.4 1.4 15.4 20.2 26.4 34.0
65-69 353 20.7 8.6 10.8 144 19.8 24.9 354
70-74 250 20.7 8.4 11.0 14.2 19.8 26.3 32.0
75-79 109 18.2 8.2 9.8 13.2 16.7 21.6 28.0
80-84 220 18.1 8.4 9.0 12.0 17.1 22.3 31.0
>85 210 14.3 6.4 6.8 10.0 134 17.8 21.49
All women 1652 19.6 8.5 10.0 13.2 18.2 24.2 32.0
Arm circumference* (cm) 60-64 520 29.8 3.6 254 27.2 29.5 31.9 34,5
65-69 355 30.5 3.8 26.0 28.0 30.0 32.5 35.0
70-74 252 29.8 3.9 254 27.0 29.5 32.1 348
75-79 110 29.1 40 24.1 26.9 28.8 31.2 34.0
80-84 228 28.6 4.7 24.5 26.4 28.5 30.5 33.0
>85 218 26.8 3.7 22.0 24.4 26.7 29.1 31.6
All women 1683 29.3 4.1 25.0 27.0 29.0 31.5 34.0
Calf circumference* (cm) 60-64 520 374 49 33.2 35.0 37.0 39.2 4.3
65-69 357 36.9 3.5 33.0 34.5 37.0 38.95 41.0
70-74 253 36.6 35 329 344 36.2 39.0 40.5
75-79 111 36.4 33 323 34.0 36.0 384 41.0
80-84 226 35.5 34 31.0 33.5 35.5 37.6 394
>85 217 334 45 28.4 31.0 335 36.0 38.5
All women 1684 36.3 43 32.0 34.0 36.2 38.5 40.5
Arm muscle circumference* (cm) 60-64 516 223 33 184 20.1 22.1 24.2 26.6
65-69 352 23.8 3.1 20.1 21.6 23.7 25.6 28.0
70-74 248 23.2 2.7 20.2 214 23.1 24.7 26.9
75-79 109 23.1 3.6 19.5 21.2 23.1 24.5 26.4
80-84 222 22.9 42 194 20.9 22.6 23.9 25.9
>85 212 21.7 2.8 184 20.2 21.5 23.6 25.3
All women 1659 22.8 33 19.1 20.9 22.7 24.5 26.6
Abbreviation: BMI, body mass index. *P < 0.05, statistically significant difference of mean values across age groups (analysis of variance).

Table 2. Number and percentage (within brackets) of the common medical conditions among elderly men and women aged > 60 years

Comorbidities  60-64 years, n (%) 65-69 years, n (%) 70-74 years, n (%) 75-79 years, n (%) 80-84 years, n (%) 85+ years, n (%) Total

Myocardial infarction

Men 29 (6.4) 25 (8.1) 16 (6.7) 18 (21.2) 42 (23.3) 13 (10.8) 143 (10.3)

Women 11 (2.1) 6 (1.7) 7 (2.8) 9 (7.9 26 (11.4) 25 (11.1) 84 (4.9)
Stroke

Men 8 (18) 9 (2.9 14 (5.9) 9 (10.6) 26 (14.4) 10 (8.3) 76 (5.5)

Women 12 (2.3) 8 (2.2) 12 (4.7) 5(4.4) 18 (7.8) 17 (7.5) 72 (4.2)
Dementia

Men 1(0.2) 0 3(1.3) 6 (7.1) 11 (6.1) 10 (8.3) 31 (2.2)

Women 1(0.2) 2 (0.6) 1(0.4) 3 (2.6) 13 (5.7) 21 (9.3) 41 (2.4)
Cognitive impairment®

Men 31 (6.9) 23 (7.6) 24 (10.2) 17 (21.5) 45 (26.6) 42 (42.0) 182 (13.6)

Women 51 (9.8) 31 (8.8) 27 (10.8) 23 (21.5) 54 (25.1) 71 (36.6) 257 (15.7)
Dependence in iADL

Men 12 (2.5) 19 (5.8) 23 (9.3) 14 (15.9) 28 (15.1) 32 (23.9) 128 (8.8)

Women 24 (4.3) 6 (1.6) 5(1.8) 9 (7.4) 26 (10.3) 35 (13.5) 105 (5.7)
Dependence in pADLP

Men 89 (18.6) 45 (13.8) 28 (11.3) 14 (15.9) 71 (38.2) 50 (37.3) 297 (20.3)

Women 135 (23.9) 134 (36.5) 74 (27.3) 42 (34.7) 109 (43.3) 125 (48.1) 619 (33.7)
Congestive cardiac failure

Men 9 (2.0) 12 (3.9) 20 (8.4) 10 (11.8) 38 (21.3) 41 (34.5) 130 (9.4)

Women 10 (1.9) 11 (3.1) 11 (4.3) 9 (8.0) 38 (16.6) 65 (29.1) 144 (8.5)

Abbreviations: iADL, activities of daily life—instrumental; pADL, activities of daily life—personal. *Mini-Mental State Examination (MMSE) score below 24.
PDependence in pADL also includes iADL impairment.

European Journal of Clinical Nutrition (2015) 1066 - 1075 © 2015 Macmillan Publishers Limited



>80 years had lower weight, TST, SST, hip, arm- and calf
circumferences than the study subjects.

Table 1 shows the anthropometric status of men and women
stratified into six age groups. Mean BMI and WHR were higher
among men than women, among all ages, except WHR among
women aged 85+ years (0.91 +0.59). TST was 6.7 + 0.4 mm higher
among women with an age-related decline in both sexes
(difference between 60-64 and 85+ years in men: 6.0+4.7 men;
women: 7.6 £ 1.2 mm). SST, arm- and calf circumferences and AMC
significantly declined with age in both sexes.

Table 2 presents the number and percentage of men and
women with CMC stratified among the age categories. Ml
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prevalence was 21.2% among 75-79 years and 23.3% among
80-84 years men, whereas it was roughly 11.4% among 80+ years
women. iADL prevalence was higher among men (8.8%),
especially among 85+ year olds (23.9%). pADL was higher among
women (33.7%) in all age groups. CHF prevalence increased with
age and approximately doubled after age 70 years, among both
men and women.

Table 3 presents the anthropometric measurements among
men and women with and without the CMC. In comparison with
those without or asymptomatic CMC (referred to as reference
group), BMI, waist, hip- and arm circumferences and SST were
higher, among men with MI. Similar findings added to higher

Table 3. Mean and s.d. for the anthropometric measurements for elderly men and women aged > 60 years with and without the common medical
conditions
Myocardial infarction Stroke Dementia ADL dependence Cognitive impairment ~ Congestive heart failure
Yes No Yes No Yes No  iADL pADL Independent Yes No Symptomatic Asymptomatic
Men
Height (cm) 174.1* 1755 1736 1754 173.8% 175.6 173.3* 174.6 176.1 172.0% 176.0 173.3* 1755
s.d. 6.9 7.6 7.1 7.5 6.0 7.6 7.6 7.8 7.2 6.6 7.5 7.5 82
Weight (kg) 86.7*% 84.1 83.7 844 769* 848 800 836 85.4 80.8 85.1* 86.5 84.2
s.d. 15.1 14.0 138 141 143 141 137 133 15.5 133 14.1 13.5 19.4
BMI (kg/cm?) 28.6*% 27.3 27.7 275 255 275 266 273 27.7 27.2 27.6 28.8* 27.3
s.d. 4.8 5.8 3.9 5.8 34 5.8 6.3 37 4.4 4.1 6.6 57 5.6
Waist circ. (cm)  103.0* 99.3 101.1 99.7 982 998 99.2 100.6 99.5 99.2 99.8 106.4* 99.1
s.d. 13.7 11.7 115 120 127 120 119 119 12.3 11.3 12.0 11.5 14.9
Hip circ. (cm) 103.3* 1014 1027 101.6 101.1 101.7 102.0 102.1 101.5 101.7 101.6 105.8* 101.3
s.d. 9.9 8.4 8.1 8.7 8.8 8.7 8.9 7.1 8.6 7.9 8.8 8.3 10.1
WHR 1.00 0.99 098 099 096 099 097 0.99 0.99 0.98 0.99 1.0 0.99
s.d. 0.07 0.20 006 029 009 029 034 0.08 0.09 0.07 0.30 0.30 0.08
TST (mm) 14.4 14.1 13.7 142 114* 144 132* 126 14.6 13.0% 144 13.8 14.2
s.d. 8.9 8.5 7.2 8.1 6.4 8.1 83 7.6 7.5 7.1 8.2 8.1 8.2
SST (mm) 21.0* 19.2 194 194 165* 196 181 185 19.9 17.5% 19.8 20.1 19.3
s.d. 9.2 7.8 7.6 8.0 53 8.1 8.1 8.2 7.6 6.8 8.2 7.9 9.1
Arm circ. (cm) 304 303 29.7 303 278 304 291 296 30.7 29.2*% 30.5 30.2* 293
s.d. 3.8 3.1 34 3.2 3.2 3.1 29 3.2 3.6 34 3.1 3.1 4.1
Calf circ. (cm) 374 375 36.5% 375 348* 375 359* 373 37.8 36.5% 37.7 371 375
s.d. 35 4.6 3.5 45 34 4.5 34 39 7.1 34 4.7 4.6 3.8
AMC (cm) 259 25.8 254 259 243* 259 250 257 26.1 25.1% 26.0 255 259
s.d. 3.6 3.1 2.1 3.1 3.0 3.1 3.0 3.1 34 29 3.1 3.1 34
Women
Height (cm) 158.4* 161.5 159.6* 161.5 157.6* 161.7 158.0* 160.6 162.5 157.8% 162.2 158.2* 161.7
s.d. 7.2 6.5 54 6.6 6.8 6.6 6.1 6.9 6.8 6.2 6.4 6.5 6.5
Weight (kg) 70.2 70.8 71.0 708 59.5% 712 723 721 70.1 68.1* 71.8 72.9 70.6
s.d. 15.1 20.2 124 202 152 199 129 457 215 14.4 20.7 20.6 20.0
BMI (kg/cm?) 27.7 27.1 279 272 237* 273 29.0* 28.0 26.5 273 27.3 28.9* 27.0
s.d. 53 8.1 4.5 8.1 6.0 7.9 4.7  19.1 8.6 53 83 7.2 8.0
Waist circ. (cm) 92.6 89.9 93.0 90.0 86.9* 90.0 90.1* 924 88.6 91.4 89.9 95.6% 89.6
s.d. 12.7 13.1 125 131 85 131 128 127 13.2 12.0 13.1 16.3 12.7
Hip circ. (cm) 105.2 103.7 1059 103.6 96.4* 103.8 104.0* 105.4 102.6 103.3 103.9 108.8* 103.2
s.d. 10.9 11.1 10.0 11.1 72 110 108 114 11.2 10.9 11.0 15.8 10.5
WHR 0.88 0.87 088 087 1.1* 09 087 086 0.87 0.92* 0.87 0.88 0.87
s.d. 0.09 0.09 0.08 009 007 0.09 0.09 0.08 0.08 0.09 0.09 0.08 0.09
TST (mm) 20.7 20.8 20.1 208 16.1* 21.0 19.2* 203 21.2 20.9 21.1 19.8 209
s.d. 8.7 7.5 82 7.6 8.6 7.6 7.3 84 7.7 8.3 74 84 7.5
SST (mm) 19.0 19.6 189 196 15.1* 198 17.7* 20.1 19.7 19.6 19.8 19.5 19.6
s.d. 9.7 8.5 8.1 8.6 8.6 8.5 7.9 9.0 9.2 9.7 83 9.8 8.4
Arm circ. (cm) 28.7 294 296 293 27.1* 294 28.1* 29.8 29.2 29.5% 289 30.2* 29.2
s.d. 4.0 4.0 3.8 4.1 54 4.0 37 3.6 4.5 4.1 4.0 6.8 3.7
Calf circ. (cm) 356 36.4 354 364 329* 36,5 354* 36.1 36. 6 36.7* 35.2 35.8 36.4
s.d. 4.2 43 4.1 43 3.6 4.2 4.2 3.6 43 4.6 4.1 57 4.1
AMC (cm) 223 228 234 228 221 228 22.1* 234 225 226 229 23.7* 227
s.d. 2.8 34 3.5 33 4.2 33 3.0 2.7 3.7 3.0 34 54 3.09
Abbreviations: AMC, arm muscle circumference; BMI, body mass index; circ., circumference; iADL, dependence in daily activities—instrumental; pADL,
dependence in daily activities—personal; SST, subscapular skinfold thickness; TST, triceps skinfold thickness; WHR, waist-hip ratio. *P < 0.05 denotes significant
difference of mean anthropometric values between the groups with and without the common medical condition (analysis of variance).
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weight, waist and calf circumferences were observed in both sexes
with CHF.

Men with dementia had significantly lower weight (by 7.9+ 0.2
kg), SST (by 3+2.8 mm), TST (by 3.1+ 1.7 mm) and calf circumfer-
ence (by 2.7+1.1 cm) compared with those without dementia.
Likewise, women with dementia showed significant lower weight
(by 11.3kg+4.7 kg), BMI (by 3.6+1.9 kg/mz), hip circumference
(by 7.4 +3.8 cm) and calf circumference (by 3.6 + 0.6 cm). Decrease
in height (men: 4+0.9cm, women: 5.6+0.8cm), weight (men:
43+0.2kg, women: 3.7+6.3kg), SST, arm- and calf circumfer-
ences were seen in both sexes with cognitive impairment. All the
above-mentioned anthropometric differences were statistically
significant (P< 0.05).

Subjects with ADL dependence, particularly women, showed
significantly higher values of BMI (by ~ 3.0+ 3.9 kg/m?), waist, hip,
arm- and calf circumference and lower TST and SST (by
2+ 1.3 mm).

Table 4 presents the age- and gender-adjusted linear regression
coefficient for every anthropometric variable among those with
CMC compared with their respective reference groups.

Presence of dementia showed a significant negative relation-
ship with weight, BMI, hip-, arm- and calf circumferences. Stroke
patients on the other hand presented with a positive association
with weight and waist circumference. MI cases presented
significantly higher value with respect to weight, BMI, waist-,
hip-, arm circumferences and SST compared with their healthier
counterparts. Similar positive association at further higher rate was

observed among CHF cases. No significant age-independent
associations were seen in ADL dependence.

Table 5 presents the gender-specific regression model for-
mulated for every anthropometric measurement with age, to
enable the prediction of age-specific normative anthropometric
values with 95% confidence intervals. The general equation is:
predicted value =Intercept+(gender-specific  coefficient) x age.
Graphs depicting such gender-specific regression models for
weight, BMI and WHR were drawn (Figure 1).

DISCUSSION

Normative data on anthropometric measurements for Swedish
elderly are presented together with gender-specific regression
models aimed to predict these measurements. This can facilitate
the interpretation of differences and patterns in phenotypic
changes with ageing. We found significant anthropometric
differences between elderly with or without CMC. Subjects with
Ml and CHF had values indicating subcutaneous and central
adiposity, in contrast to low weight among subjects with
dementia and cognitive impairment. The anthropometric profile
of ADL dependent indicated physical inactivity.

Men are taller, heavier and have higher BMI than women (as
expected) with a gradual age-related decline in height in both
sexes that can be attributed to bone degenerative diseases.?” Loss
of ~ 10 kg in weight with age, mostly at 80+ P/ears, could be due to
sarcopenia from disuse atrophy and senility.'*?® Such gender- and

common medical condition

Table 4. Age- and gender-adjusted regression model to compare anthropometric measures among elderly aged > 60 years with and without the

Height Weight  BMI Waist ~ Hip WHR Skinfold Skinfold Arm Calf AMC
(cm) (kg)  (kg/m?)  (cm) (cm) triceps (mm) subscapular  circumference  Circumference  (cm)
(mm) (cm) (cm)
Myocardial infarction -0.8 2.8* 1.1* 3.6%* 1.7* 0.01 1.5%* 2.0** 0.5* 0.3 0.1
Stroke -0.5 1.5 0.7 2.5% 1.6 0.003 0.8 0.7 0.5 -04 0.3
Dementia -0.1 —6.3% —25% 14 —-40* 0.14 -14 -13 -0.8 —1.6%* -04
ADL dependence
iADL -13* 17 1.2% 1.5 1.6 -0.01 0.3 0.3 -0.1 -0.49 -0.2
pPADL -04 2.8 1.2%* 3.3*  2.3*  0.01 -03 0.8* 0.6** 0.72 0.7%*
Cognitive impairment®  —2.8% —-20 0.1 115 -1.1 0.03 0.25 0.35 -0.07 —0.6%* -0.2
Congestive heart failure —0.3 7.2%  26%  82**  6.1**  0.01 1.8%* 2.9%* 1.8** 0.9%* 1.1%*

Abbreviations: AMC, arm muscle circumference; BMI, body mass index; iADL, dependence in daily activities—instrumental; pADL, dependence in daily
activities—personal; WHR, waist-hip ratio. °Mini-Mental State Examination (MMSE) score below 24; reference group: no myocardial infarction, stroke, dementia,
independence in ADL, dementia and absence/asymptomatic congestive heart failure. *P <0.05. **P<0.01.

Table 5. Gender- specific linear regression models to predict anthropometric measures based on age for elderly men and women aged > 60 years
Anthropometric measure Men Women
Intercept  B-value 95% Cl R? Intercept  B-value 95% Cl R?

Height (cm) 190.50 -0.216 —0.26 to - 0.17 0.067 179.57 —0.248 —0.28 to —0.22 0.14
Weight (kg) 110.04 —-0.366 —-0.45 to -0.29 0.048 92.19 -0.299 —-0.39 to —0.21 0.022
BMI (kg/mz) 31.36 —0.056 —0.09 to —0.02 0.006 29.73 —0.035 —0.07 to —0.00 0.002
Waist circumference (cm) 102.434 —-0.039 —0.108 to 0.029 0.000 93.812 -0.053 —0.114 to 0.008 0.002
Hip circumference (cm) 97.384 0.061 0.011 to 0.11 0.005 109.245 -0.077 —0.13 to - 0.024 0.004
Waist:hip ratio 1.107 —0.002 —0.003 to 0.00 0.003 0.78 0.001 0.00 to 0.002 0.000
Triceps skinfold thickness (mm) 27.97 -0.197 -0.24 to -0.15 0.046 3861 -0.25 —-0.28 to —0.22 0.10
Subscapular skinfold thickness (mm) 30.85 -0.164 —-0.21 to —0.12 0.031 354 -0.222 -0.26 to —0.18 0.062
Arm circumference (cm) 39.52 -0.132 —0.15to - 0.12 0.013 36.40 —0.099 —-0.12 to —0.08 0.061
Calf circumference (cm) 45217 -0.111 —0.14 to —0.09 0.047 45.21 -0.125 —-0.14 to - 0.11 0.087
Arm muscle circumference (cm) 30.71 -0.07 —0.09 to —0.05 0.061 24.45 -0.02 —0.04 to —0.01 0.094

Abbreviations: BMI, body mass index; Cl, confidence interval. Regression equation: predicted anthropometric measure = intercept+coefficient B (age).
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Figure 1. Age- and gender-specific regression equations to predict the weight, BMI and WHR among elderly men (i) and women (ii) aged > 60

years. The corresponding regression equations represented in the graphs include: (i) men weight: 110.04-0.37 x age, BMI: 31.36-0.06 x age,
waist: hip ratio: 1.11-0.002 x age. (i) Women weight: 92.19-0.30 x age, BMI: 29.73-0.04 x age, waist: hip ratio: 0.78+0.001 x age.

age differences were similar to SENECA study (men: 75+10.4 kg,
71.1+£12kg; women: 64.5+ 12.4kg, 62.8+1 kg, in Denmark, Nor-
way, respectively);® however, the mean values were higher in our
study. Weight loss from 70 to 85+ years (Men: 8.8 +1.2kg;
Women: 9.4+1.3kg) was almost twice that according to H-70
study (men: 3.2 kg; women: 5.1 kg).”

BMI initially increases with age, but declines after 75-79 years.
This inverted U-trend is also noted in a similar Italian study.?® It
can be related to physical inactivity and sarcopenia, as well as the
possibility of selective attrition of subjects with very high BMI-
associated medical conditions, such as Ml and stroke.'®?® Mean
BMI was similar to SENECA (Finland: 27.3 kg/mz), whereas that for
75 years was higher compared with the Swedish cohort of
NORA75 study (25.3 kg/m?).2 Obesity is denoted by BMI > 30 kg/m*
Our data (75th percentiles) clearly indicated overweight and risk
for obesity in both sexes. This has to be interpreted with caution
taking into account the possibility of selection bias where
morbidly obese and severely undernourished were excluded.
There is also a possible effect of height loss with age translated
into increasing BMI.2” Lack of distinction between fat and fat-free
weight can lead to misinterpretation of high BMI (from muscle
mass) as overweight or risk for obesity.?® Despite these factors,
mean BMI shows an overall growing tendency in both men and
women compared with the past two decades, according to
SENECA and H-70 studies.”®

Increasing pattern in WHR among women 60-80 years could
indicate age-related increase in adiposity. TST was also higher
among women similar to SENECA’s Norwegian (women: 24.3 cm;
men: 184 cm) and Danish population (women: 20.7 cm; men:
11.3cm) and NHANES study’s American population (women:
22.5cm; men: 153 cm).3%3" Studies suggest the effects of late
post-menopausal nonestrogenic condition on fat redistribution,
and the sarcopenia associated with loss of type-2 glycolytic

© 2015 Macmillan Publishers Limited

fibers 3% Visceral adiposity is often coupled with progressive loss
in the extremities.”®*? This can be appreciated by lower arm
circumference, AMC among women similar to SENECA Norwegian
and Danish populations.®'?

Association between anthropometrics and CMC
Anthropometric measurements in relation to MI, CHF, stroke, ADL
dependence, cognitive impairment and dementia were assessed.

Subjects with MI had significantly higher weight, BMI, waist-,
hip- and arm circumference and SST, indicating a higher
prevalence of subcutaneous and central adiposity.®® Central
obesity, a predisposing factor to Ml and progressing to CHF, can
cause patients to present with the above-mentioned anthropo-
metric profile3*

Similarly, CHF patients had higher weight, waist circumference
and skinfold measurement indicating a strong association and/or
predisposition to the disease.>*** It has been reported that Ml and
CHF patients are associated with weight gain due to fluid
retention and use of beta-blockers.3>3¢ After MI, cardiac adapta-
tion to excess body fat could significantly affect cardiac function
directly or through increased the risk of diabetes, hypertension
and release of inflammatory cytokines, leading to cardiac
failure 343>

ADL-dependent patients, particularly women, had higher BMI,
waist- and hip circumference and lower TST. This could indicate
inadequate physical training leading to replacement of muscle
mass, fat accumulation and weight gain.*’

Patients with cognitive impairment had a lower weight and
WHR and patients with dementia had in addition, lower skinfold,
arm- and calf circumferences. This could be explained by two
reasons—the inability of coherent control and disinterest stem-
ming from impaired mental state, could affect healthy diet and
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exercises.3®3 Dementia is also related to dysphagia that could
interfere with dietary intake.*

Finally, a generalized equation (intercept+coefficient (B) x age)
to estimate age- and gender-specific anthropometric measure-
ments was formulated as an indicator of nutritional status and
physical activity of elderly at a population level. Information on
changes of anthropometrics changes, particularly decreasing
muscle mass or increasing central adiposity in the general
population could be useful in preventive strategies in public
health.

The main strength of our study is the large population sample
that is nationally representative owing to a random age- and
gender-stratified selection, inclusion of both urban and rural
areas of Scania thereby increasing generalization of data.
Previous studies have shown that there were substantial
anthropometric differences between rural and urban popula-
tions, where the former being heavier and having more muscle
mass.*’ However, a significant limitation might be a possible
cohort effect. The anthropometric differences between age
groups could be attributed to a generational difference.
Although our results were consistent with other longitudinal
findings, we aim to test the effect of generation and birth cohorts
on physical activity and dietary intake that could influence
anthropometrics in our forthcoming follow-up study. Examina-
tions were done at the hospital or patient's home to reduce
selection bias that might however not be completely eliminated.
The attrition analysis indicated that the nonparticipants who
were relatively older and frail, had measurements indicating
central adiposity and muscle loss. The underrepresentation of
this group may have affected the estimated mean anthropo-
metric measures.

The data collection was done by trained professionals using
standardized protocols and calibrated instruments. Hematologic
test and biochemical profile are considered to validate the
anthropometric nutritional health assessment in future studies.

In conclusion, new normative data on gender- and age-specific
anthropometrics on the elderly general population are presented.
Cardiovascular diseases are associated with adiposity opposed to
dementia with fat loss. ADL dependence indicates inadequate
physical activity. The prediction models could be used as a tool
monitoring physical activity and adiposity among the general
elderly population hence potential health risk indicators in health
promotion.
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