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ABSTRACT

A study was done at Handmaker Jewish Geriatric 
Center, a long-term care facility, to measure the weights 
and heights of some of the residents. Twenty ambulatory 
residents of the facility and ten ambulatory non-residents 
wers measured for weight, height and recumbent length. 
Twenty non-ambulatory residents were measured for weight 
and recumbent length. This study was also designed to test 
the accuracy of a tool designed to measure the recumbent 
length. The results show that the ambulatory non-residents 
were, on the average, longer in length than the residents. 
The length and height data were used to calculate the 
ponderal index, an indicator of obesity. Results indicate 
a .small percentage of the residents are overweight. The 
tool designed to measure the recumbent lengths appears to 
be useful in obtaining the stature information of those 
persons unable to stand.
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.INTRODUCTION

A person entering a long-term care facility is 
oftentimes ill. The admissions procedures are usually 
complicated and difficult. Of the items included in a 
new resident's medical records, the height-weight informa
tion is many times omitted. When it is included, it may 
not be an actual measure but a report by the resident.
The height-weight information is very important to the 
dietitian to help in her development of nutritional care 
plans.

Weights and heights are very hard to obtain in the 
non-ambulatory geriatric person. Scales have been devised 
to weigh a person in a sitting position. This is of great 
benefit to those who cannot ambulate as they can now be 
weighed with a minimum of difficulty.

Height measurements have not usually been accurate 
for non-ambulatory persons. Estimating the height has often 
been accomplished by 1) measurement of separate body por
tions and totaling the sums and 2) using a string stretched 
from head to foot and measuring the amount of string used. 
Neither of these techniques affords accuracy.

This study is designed to test the accuracy and 
practicality of a tool to measure recumbent length. The
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tool will be used to measure both ambulatory and non- 
ambulatory persons. The ambulatory subjects will also be 
measured for standing height using a stadiometer to judge 
the reliability of the tool.

The design of the tool is such that the height 
measurement can be made while a non-ambulatory person is 
lying flat. This will allow the measurement to be made in 
a rapid manner and make available the length of the indi
vidual.



REVIEW OF THE LITERATURE

Review of Weight-Height Methodology
Nutritional assessment is often talked about as 

part of a physical examination but one that is not clearly 
defined. Several references use the term nutritional 
assessment or evaluation in association with nutritional 
anthropometry (18, 26, 30). The University of Arizona 
School of Home Economics Client Care Laboratories defines 
nutritional assessment as the major activity of establish
ing the morphology of an individual's nutritional health
(29). Jelliffe (as cited in 26) has identified three main 
approaches to nutritional assessment as being direct, 
indirect, and ecological. The present interest is with 
direct measures which consist of clinical signs, biochemi
cal tests, tissue tests, and anthropometry (26).

Nutritional anthropometry is concerned with making 
measurements of body dimensions. Height and weight are two 
of the most common measures to make (15). They cost little 
to make, require little training of personnel, and afford a 
gross indication of the nutriture of the subject. Some 
difficulties have been encountered in standardizing the 
procedures and methods of measurement (13, 15). Parameters
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have been established for the methods of measuring subjects 
These include consideration of the type of clothing to be 
worn by persons to be weighed to the body position and 
posture of persons having a height measurement taken 
(13, 15, 18). These considerations will partially assure 
some amount of standardization.

Jelliffe (18) has detailed recommended methods for 
measuring heights and weights of subjects. For weighing 
adults the recommended procedure is one where the subject 
should stand in the middle of the platform of the weighing 
device without touching anything else. Shoes should not 
be worn and it is recommended that subjects have on a mini
mal amount of clothing. It is best not to weigh a person 
after a full meal or when they have a full bladder (18).

For a standing height, the recommended procedure 
has the subject stand barefooted on a firm, flat surface. 
The feet should be parallel and the heels, buttocks, 
shoulders and back of head should touch the upright. The 
head is held erect with the lower border of the eye in the 
same plane as the external auditory canal. The movable 
right-angle headpiece should then be gently lowered until 
it makes contact with the top of the head. All readings 
should be made at eye level (18, 27).

Recumbent lengths are recommended for those persons 
who are unable to stand. The procedure suggested by



Jelliffe (18) is that used for infants, however there are 
some applicable standards for adult measurements. The 
subject should recline on a hard, flat surface with the 
legs and heels together and the arms relaxed at the sides. 
The head is in line with the spinal column to assure a 
correct measure.

Davidson, Passmore and Brock (9) devote a large 
portion of a chapter in their text on human.nutrition to 
the importance of height-weight data in nutritional assess
ment. The authors stress the type and use of equipment in 
the measurements of subjects and favor the use of the level 
balance scale as an assessment tool in diagnosihg nutri
tional status. As equipment is so important to the accuracy 
of the measurements made, it is recommended that periodic 
checks be made and recalibrations made to maintain accuracy.

The problems associated with the variations in 
clothing must be accounted for and an estimation of the 
weight of the articles subtracted from the final figure. 
While it is best to weigh subjects nude, it is often not 
practical. Subjects should be attired in similar amounts 
of clothing so an accurate estimate of weight can be made 
(9, 13).

Variables affecting height measurements include 
tools, position of body and time of day. Davidson eh al.
(9) believe that a recumbent length is more desirable than



a standing height because this measurement is not subject 
to the daily fluctuations that,height is. In geriatric 
patients the recumbent length also will compensate for some 
of the postural problems caused by arthritis and rheumatism. 
In this way a more accurate measure of height can be made. 
The recumbent length however exceeds the standing height. 
Between a height range of 42 to 71 inches the additional 
length found in a recumbent measure is 0.2 inch in males 
and 0.4 inch in females. In the aged, this is sometimes 
more due to the postural changes associated with the 
elderly.

Once the. height-weight data is collected it is usu
ally compared to standardized graphs. Metropolitan Life 
Insurance Company has published tables based on the 1959 
"Build and Blood Pressure Study." There are two types of 
tables available (see Appendix D). One type of table is 
based oh height and body frame for persons over 25 and is 
considered to be the desirable weight (9). The other type 
of table available is the average weight table. This lists 
average weights for persons by age and height. The most 
serious problem encountered using the desirable weight table 
is that there are no guidelines described for classifying 
body type as small, medium* or large (9, 13, 15).

Height and weight measures will often indicate the 
nutriture of a subject. Height measures in children are a



good indicator of growth patterns when compared td standards 
that are considered to be the norm. In adults, the height 
measurement is used in conjunction with weight to determine 
the adequacy of the caloric intake. When indicated, a 
supplementary measurement to determine fafness is made.
This.is a skinfold thickness (6, 13, 23). The measurement is 
usually made at the same time that the height and weight are 
taken and is the most technical of the three measures (15). 
Skinfold thickness measurements are made using a set of 
calipers that exert a constant amount of pressure on a 
selected body site (13,2.3') . This is a method to determine the 
amount of subcutaneous fat (15) and is useful in determin
ing the states of overweight and obesity (13, 15).

The height-weight data has been suggested for use as 
a means of identifying fatness using the ponderal index.
The index is a mathematical calculation which is height 
divided by the cubed root of weight. Disagreement exists 
in the scientific community as to the benefits of using this 
Calculation but it does appear to aid in identifying an 
overweight person (11, 17). It appears the ponderal index 
overestimates the amount of obesity found among shorter 
people as opposed to taller people (20).

Overweight and Obese are not necessarily the same 
due to body build and musculature. Muscle tissue is denser 
and therefore heavier than fat tissue. . However, there is a



close relationship between the two states (20). Overweight 
is defined as being ten percent over the ideal weight. 
Obesity is considered to be 20 percent over the ideal weight 
(22). This relationship is of prime importance when using 
the ponderal index to identify obesity. The ponderal index 
scale will show an increased mortality when the numerical 
value is smaller (15). This would coincide with the known 
increase in mortality rates associated with obesity.

While there is some disagreement as to the use and 
value of the ponderal index, it is a viable method to calcu
late the body leanness. The only previously available 
methods to measure body density consisted of total water 
submersion. This method provides the desired information by 
measuring the water displacement. The differences in the 
density of fat and muscle tissue cause different amounts of 
watet to be displaced (11). Accuracy is hampered by varia
tions in the amount of air found in the intestines. The 
aspect of total water immersion also makes it a difficult 
test to have in general use as does the avallability of the 
equipment.

It is important to note that, while the ponderal 
index may indicate obesity, further studies should be made 
on an individual before that conclusion is made. Where it 
is indicated, other measures, such as skinfold thickness, 
should be made to substantiate the diagnosis of obesity.



Problems in Aging
Over and undernutrition are two of the problems 

identified by nutritional assessment techniques. Overweight 
at any age can cause a variety of problems but in the 
elderly it is shown to be identified with higher mortality 
(12), higher incidences of heart problems (7, 8, 25), 
diabetes (4, 7, 15, 25) and a contributing factor in 
arthritis and osteoporosis (13). It is therefore of vital 
importance to obtain the height and weight of a person dur
ing a physical examination.

Diabetes is a common problem among the elderly.
For persons over the age of 45 the rate of occurrence is 
62 per 1,000 with the highest rate of occurrence in the 
years 55-74 (25). Some of the reasons for this rise in the 
number of diabetics have been attributed to things such as 
improved detection, improved health care, longer life ex
pectancy, and improved drug therapy (8).

Age seems to be a predisposing factor in clinical, 
diabetes (4). The accompanying symptoms of thirst, polyuria, 
wasting, fatigue, visual problems and neuritiq pain (4) 
should all be taken into account when diagnosing diabetes 
as some sources point out that, as aging progresses an 
abnormal glucose tolerance test is often misdiagnosed as 
diabetes (8). Some of.the defined causes that seem to pre
dispose a person to diabetes include aging, obesity.
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heredity, pancreatic disease, and use of an insulin inhibit
ing diuretic, thiazide (4),

Nutritionists and physicians feel it is very impor
tant to good health that the blood glucose levels be kept in 
a normal range (4). The effects of hyperglycemia on the 
body are wide ranged and often severe. Blindness is one of 
the results of untreated hyperglycemia and diabetes ranks 
third in the United States as a cause of blindness (25), 
Other areas of the body affected by the continuing high 
blood glucose levels are the blood Vessels, peripheral 
nerves, and the kidneys (7). Gangrenous infections of the 
extremeties is another problem associated with untreated 
hyperglycemia. This usually results in amputation and the 
accompanying problems (7).

Atherosclerosis and increased incidence of heart 
disease are often results of obesity (4, 13, 15). Extensive 
research is being conducted in a longitudinal study in 
Framingham, Massachusetts (14). The result, to date, con
cludes that there is a statistical correlation between 
overweight and heart disease (14). The study weighed men 
and women and compared the obtained weights to a standards 
chart published by the Metropolitan Life Insurance Company. 
The results showed that 15 percent of the men and 20 percent 
of the women were approximately 35 percent above the ideal 
weight. At two-year intervals, subjects were remeasured and
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current history pertaining to health and mortality was re
corded for each participant. The updated information then 
was analyzed. The information from this study is contribut
ing evidence to the association of obesity and heart disease.

Arthritis and osteoporosis are both affected by 
excess body weight (13) . Arthritis affects the "joints1, 
especially the weight bearing joints. The knees and hips 
are joints which suffer with the burden of excess weight. 
Osteoporosis is a demineralization of calcium from the ' 
bones, making them more fragile and subject to fractures. 
Excess weight is a contributing factor in bone fractures of 
the weight bearing joints and bones such as the hips and 
femur bones (13).

The advances in the medical field in the past 
century have improved the health status of man. He is now 
able to fight many of the diseases that took thousands of 
lives. Survival rates are up as are birth rates, average 
life span has increased and more people are surviving until 
old age. In the year 1976 it was estimated that ten per
cent of the population in the United States was over 65 
(25) as compared to only 4.1 percent in 1900 (32) . The 
number of persons over 65 is on the rise and the implica
tions are numerous.

With the improved health care of many of the acute 
illnesses and, hence, a better survival rate, the population
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of the world has seen an increase in the number of elderly 
persons and the chronic diseases which accompany aging.
These chronic conditions include arthritis, atherosclerosis, 
osteoporosis, diabetes, and cardiovascular problems (4) .
When the survival to old age was rare, so was the occur
rence of these diseases.

it has often been asked why man ages. There is no 
clear-cut answer to this question but many investigators 
have introduced theories oh the topic. Guthrie (15) sum
marizes several of the theories. She describes them as the 
"clinker theory,” the accumulation of waste materials in the 
cell interfering with normal function; the wear-and-tear 
theory, which deals with possible chemical and mechanical 
exhaustion of the cell. Another theory, the somatic muta
tion theory, is one where dividing cells are inactivated.
The auto-immune theory deals with the immune system produc
ing antibodies which fail to recognize self. The cross- 
linking theory explains the formation of abnormal 
cross-links in collagen tissue which lead to loss of 
function. The lipofusin theory is one whiCh deals with 
lipid peroxidation. Also postulated are transcription 
error theories (15, 25), and a molecular time clock theory 
(5). The cause or causes of aging are not known but if is 
a multifaceted process not really attributable to one cause.
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There are many physiological changes which occur 

during the aging process. These changes affect almost every 
system in the body. The changes are sometimes deleterious 
to the health of the individual but more often result in 
system slowdowns (28).

The cardiovascular system is affected by the aging 
process. One of the changes which seems to be of vital 
importance is the increase in the systolic blood pressure 
(31).. This increase is attributed to the increased re
sistance in the arteries and the loss of sensitivity in the 
barn receptors (31), Respiratory functions decrease with 
age. There is a loss of breathing capacity and elasticity 
of the lung tissue. Changes associated with lung diseases, 
may be present without manifest symptoms (31).

The renal system demonstrates a substantial loss of 
function. It has been estimated that the decrease in kidney 
function is about 53 percent (3). There is a decline in the 
glomerular filtration rate, the ability to form dilute or 
concentrated urine, a lower threshold for glucose tolerance, 
and a possible decrease in the number of functioning 
nephrons (31).

Other decreases in function occur in the sensory 
system with losses in hearing, visual acuity, taste and 
smell (31). Gastrointestinal functions are not as good, 
showing decreased hydrochloric acid production and nutrient

/
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uptake. Motor functions decrease as do CNS responses (31) . 
Aging is a period of many losses.

The age period of 65-plus brings about another loss. 
There is a loss of stature in the human. There are many 
reasons cited for this loss, among•them atrophic alterations 
in the intervertebral discs, accentuation of vertebral 
curves, flattening of the vertebrae, and bowing of the 
legs (1,12,16). Osteoporosis is given as another possible 
cause for this loss of height (10, 19).

Research into the change in height has found that 
the decline in stature begins in the middle 40s (16, 19) and 
continues from that point. The average loss of stature for 
a man over the age of 70 amounts to about two centimeters 
while women in the same age group show a loss of about 2.8 
centimeters (19). - ,

There is a scarcity of information on the subject 
of height loss associated with aging. There are reports of 
some studies conducted in the early half of the 1950s but 
there has been little new information in recent years. In 
many of the reports there are no descriptions of type of 
tool used or method of measurement. A detailed study by
Dequeker et al. (10) found that information pertaining to

' . ' loss of stature can be obtained by the comparison of arm
span measurement to the recumbent length. They found that
in the fourth and fifth decades, arm span was less than body
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length by approximately one centimeter. By the ninth decade 
arm span exceeds the body length by as much as eight centi
meters. Since arm span remains fairly constant and is 
almost the same as body length at maturity, the authors feel 
this is a fairly reliable gauge of height loss (10).

Weight changes as aging progresses are common.
There is a general tendency to continue to gain weight 
through the seventh decade (15). At this age a gradual de
crease in body weight is often noted. The causes of this 
gain and subsequent loss of body weight is related to the 
nutritional needs of the aging person.

With the aging processes and the decline in physical 
health, there are changes in the nutritional needs of man. 
These alterations are due to several factors ranging from 
ability to consume food to the digestion, absorption and 
metabolism of nutrients (15).

Caloric requirements -Of the elderly are generally 
reduced (9, 13, 15). This lowered need for calories is 
based upon the reduced numbers in the cell mass (15). The 
continuation of eating patterns developed in the middle 
years is a common cause of overweight problems in the 
elderly (8), while undernutrition is often the result of 
economic, social, and physical problems (15).

The protein requirement is continual throughout 
life (15). Although the body is no longer growing, protein
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is needed for repair of tissues and synthesis of enzymes 
(15). Fat is an important constituent of the diet. It 
functions as a carrier for fat soluble vitamins and is a 
source of energy (8). For a quick source of energy, carbo
hydrates are important in the diet. The availability, low 
cost and variety of foods classified as carbohydrates make 
them a valuable part of the geriatric diet (8).

The need for vitamins and minerals is continual 
throughout the lifetime. Vitamin therapy has proved effec
tive in many health states previously diagnosed as senile 
dementia or atherosclerotic senility (13). Minerals such 
as calcium and iron play important roles in bone structure 
and blood formation. Although post-menopausal women require 
less iron than their younger counterparts, it is still a 
vital need. The need for the other vitamins and minerals 
remains at a stable level throughout life (15).

Nutrition is a vital aspect of health throughout 
life. There are many factors influencing the nutrition of 
a person, some of which include socioeconomic factors, 
psychological factors, and physical status (5, 13, 15).
There are such diversity of external influences acting upon 
the older person and his diet that it is important to assess 
each individual to properly determine their status and to 
help that person attain a good nutritional state.



PROCEDURE AND METHODS

The experimental design for this study includes the 
following: A description of the facilities, obtaining Human 
Subject Committee review and approval, recruitment and 
orientation of subjects, measurements and equipment, record
ing available medical information from subjects’ charts, 
and data and statistical treatment.

Facilities
. ' . ' ’ ' ’ ' ' ' ' ' . * . • ■Handmaker Jewish Geriatric Center located in Tucson,

Arizona, is a 110-bed extended care facility. It is a non- 
profit organization supported by the Tucson Combined Jewish 
Appeal and run by an administrator and assistant admini
strator. Nursing service is available on a 24-hour basis. 
Ancilliary services include occupational, physical and 
speech therapy; social services; dietary and housekeeping 
services. Volunteers organize many activities for the 
entertainment of the residents

At the.time of this study the food service was . 
headed by a registered dietitian with both administrative 
and therapeutic background. The assistant food service 
director has completed the course for food service super
visors. approved by the American Dietetics Association.

. • ■ '  17 "
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Handmaker maintains, a kosher kitchen and all foods 
are prepared and served according to the Jewish Dietary 
Laws. Those residents who are able are encouraged to eat 
in the main dining room and are served, individually. The 
residents who are not able to eat in the main dining room 
are served from trays in the unit dining room or in their 
rooms. Dietary records kept in the diet office for the 
residents-list type of diet, food preferences, dislikes 
and allergies.

Obtaining Permission for.the Study 
- Before beginning the study a thesis proposal was 

submitted to the Human Subj ects Committee at The University 
of Arizona. The proposal outlined the design of the study, 
the methods and procedures, number of subjects to be used, 
and expected outcome. The proposal also included a copy of 
a consent form designed to inform subjects of the study and 
what was involved. Written approval of the project and 
consent form was received before starting this study.

Once approval was received from the Human Subjects 
Committee, a copy of the thesis proposal was submitted to 
the dietitian at Handmaker and through her, to the adminis
trator and medical director. Verbal permission was given 
by the administrator for this study.
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j ■ ■ ■ .Sub.j ects

A list of possible participants for this study was 
compiled by the dietitian. Each resident on the list was 
approached and the study briefly explained. Only those 
wishing to participate in the study were selected. The 
population consisted of 40 female residents of the facility. 
Twenty of the women were ambulatory and the remaining 20 
were wheelchair mobile. The youngest subject in the study 
was 60 and the oldest was 91 with the majority of the sub- - 
jeets ranging in their 70s and 80s.

Ten younger women who are not institutionalized 
were included as a control population. The women were 
volunteers from among the staff members at Handmaker's.
Seven of the women were from the dietary department and the 
other three were employed in nursing, housekeeping and 
activities.

Equipment and Measurements
A set of guidelines was devised before beginning the 

study to improve the consistency of technique used to obtain 
the measurements (see Appendix A). These guidelines were 
based on the procedural checklist used by the Human Nutria 
tion and Dietetics Client Care Laboratory (29) at The 
University of Arizona. The measurements made using the 
ambulatory women and the control group included weight,
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standing height and recumbent length. The non-ambulatory 
women were weighed and their recumbent lengths measured.

The weights of the women who were free-standing were 
taken in mid-morning. The subjects were located and 
escorted to the area where the scale was located. At this 
•time the project was explained to the subject again.

For the study, the same scale was used to obtain all 
standing weights and heights. It was moved from the examin
ing room to the nurse's station in the units as needed.
The scale was a doctor1s balance scale with attached 
stadiometer.(Health-O-Meter Scale manufactured by the Con
tinental Scale Corporation,. Chicago, Illinois). The design 
of the scale includes a platform and an upright. The beam 
balance, which consists of two weight bars, is on the up
right . T h e  larger weight bar measures in 50-pound increments 
while the smaller weight is a fine adjustment which will 
measure in quarter-pound increments.

The women were aided in removing their shoes before 
stepping onto the scale. Assistance was offered to help 
them step onto the platform. The weight measurement was 
then made to the nearest eighth of a pound. The majority 
of the women were clothed in hospital type gowns and robes 
so no adjustment was made for clothing. Once the measure
ments were made, the subjects were helped down and given 
assistance with their Shoes. They were then escorted back 
to their activities.
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Weights of the wheelchair mobile women were obtained 

using the Hoyer Lift. This is a mechanism designed to mea
sure the weight of a person while suspended in. a sling-type 
chair. The apparatus consists of a canvas sling which is 
attached to a dial scale by a set of chains (Deteetb Brand . 
Scale manufactured, by Deteeto Scales, Inc., Brooklyn, New 
York). This arrangement is then raised and lowered by a 
crane-type arm, the angle of the arm being adjusted by a 
hydraulie.hand pump. The person is raised until free 
swinging in the air and the measurement read on the scale. 
There was a seven-pound tare weight using this scale.
Weights obtained were to the nearest pound as the scale was 
marked in one-pound increments.

For this study the women were weighed in mid- 
afternoon. The subjects were located and asked if they 
would allow their weights, to be taken. The study was then 
explained to them again. If in a wheelchair the subject 
was helped to move to a chair in which the sling had been 
arranged; The chains were then attached to the sling and 
the subject raised until several inches above the chair.
The weight was read.and the subject lowered back into the 
chair. Once the chains were removed from the sling, the 
final step was to help the resident back into her wheel
chair .
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The procedure to weigh those subjects who were in 

bed was very, similar to that used for the women in wheel
chairs. The subject was asked to allow the weight measure-- 
ment to be made. Once permission was granted the subject 
was helped to roll onto her side so that the slihg could be 
placed under her. She was then placed on her back. The 
chains were then attached and the subject raised above the . 
bed. Once the weight was recorded the subject was lowered 
onto the bed and the sling removed. .

Height measurements were made on the 20 free-standing 
subjects and the ten.control subjects at the same time their 
weights were obtained. While still standing on the balance 
scale, the subjects were asked to turn their backs towards 
the attached stadiometer. The position of the subj ect was 
then adjusted (see Appendix A) and the measurement made.
The slide portion of the stadiometer was lowered until the 
right angle arm rested firmly against the top of the sub- 
j ect's head. The subj ect was helped down from the scale 
and the measurement read to the nearest eighth inch.

The recumbent length was measured using all 50 
subj ects. This measurement was obtained using a collapsable 
ruler designed for this study (designed and built by Dr. 
Edward T. Sheehan, University of Arizona, School of Home 
Economics, Tucson, Arizona). The tool was a two-sectioned 
ruler, . hinged at the centerv There was a permanent foot
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rest fixed at a 90-degree angle. From the foot rest to the 
hinged joint was exactly one meter. The upper portion of 
the rule was also one meter in length. There was a meter 
stick impressed into the wood and a movable slide at a 90- 
degree angle. Measurements were read by use of the position 
of the slide. ,

In order to obtain the length of the subjects they 
had to be lying flat. For this study subjects were measured 
while reclining in bed. The bed was adjusted so that it was 
flat. The women were asked to lie on their backs with heels 
and legs together and head in alignment with the spinal 
column. The measuring stick was placed parallel to the body 
so that the heels were pressing against the foot rest. The 
slide was then moved until it was resting firmly against 
the top of the head. The measurement was then read and 
recorded. The ambulatory subjects were measured anytime it 
was convenient for them while the non-ambulatory subjects 
were measured before getting out of bed for the day or upon 
retiring for the evening.

Information from Subjects' Charts 
Resident subjects' charts were reviewed for medical 

diagnoses and problems, weight, height, and age. Records 
were also checked as to the subjects’ orientation, socializa
tion, ability to communicate and ability to ambulate.
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Data Editing and Statistical Treatment 

The weight and height information was recorded in 
the English system of pounds and inches. The length measure 
was made using the metric system and converted into inches 
by dividing by the conversion factor of 2.54.

Length and weight were measured for all subjects 
and height was measured for the non-resident and resident 
ambulatory subjects. The length and weight data collected 
was used to calculate the ponderal index, Pondera1 index 
values are obtained by dividing height, in inches, by the 
cubed root of weight, in pounds. For this study length was 
used in place of height in calculating the ponderal index.

The data obtained by measuring the standing height 
and recumbent length of ambulatory subjects was compared 
and individual and group data, was recorded.

Due to the small sample size, means and averages 
were used to compare the data without any further statisti
cal treatment.



RESULTS AND DISCUSSION

For the 50 subjects who were measured in this study, 
a table of individual results is included in Appendix B . 
There was a difference between the standing height and the 
recumbent length of the 30 ambulatory subjects who had both 
measures made (see Table 1). The length measures exceeded 
the height measures for 29 of the subjects• Subject No» 44 
showed a decrease of 0,13 Inch between the height and length 
measures. The 20 ambulatory residents had an average dif
ference between length and height of approximately one inch 
(see Table 2). The ten ambulatory non-residents in this 
study averaged a difference between length and height of 
approximately one-third inch (see Figure 1).

The ten non-resident ambulatory subjects had an 
average height greater than the average height of the 20 
ambulatory residents (see Table 2). This could be due to 
the changes in stature associated with aging (see Figure 2). 
Loss of stature is gradual after, approximately the age of 
45 (10) and several authors indicate that beyond the age of 
60 loss of height can be as much as 2.5 inches (19). The . 
loss of height is often attributed to the collapse of the 
vertebrae and the intervertebral disks (19) and osteoporosis
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Table 1. Mean.and range of weight, length, height and ponderal index* by age
group for ambulatory and non-ambulatory subjects.

Age
Group

Mean 
Weight 

Number (pounds)
Weight
Range
(pounds)

Mean
Length
(inches)

Length
Range
(inches)

Mean
Height
(inches)

Height
Range
(inches)

Mean
Pdhderal
Index
(length)

Ponderal
Index
Range
(length)

Ambulatory
40-49 4 146.0 118.2-168.5 63.2 60.4-66.3 62.9 60.0-66.0 12,1 11.0-13.0
50-59 6 155.0 103.8-202.1 61.7 58.1-63.9 61.3 _ 57.8-63.2 1.1.6 10.9-12.7
60-69 1 105.2 63.3 63.0 13.4
70-79 6 133.8 104.2-191.0 61.0 56.8-63.3 60.2 58.8-62,2 ,12.0 10.2-13.2
80-89 11 122.5 96.2-154.0 59.0 56.8-61.8 57.9 55,0-60.2 11.9 10.7-13.4
904- 2 113.5 102.5-114.5 58.0 56.2-59.9 57.2 55.5-59.0 12.2 12.0-12.3
Nonambulatory
60-69 1 83.0 66.9 15.3
70-79 6 96.7 77.0-116.0 59.1 56.4-63.9 — — 12.9 12 2-13.6
80-89 12 110.2 89.0-149 59.8 55.3-64.0 «- — — —' 12.5 11.6-13.9
904- 1 123.0 - ■ 60.7 -- 12.2

* Ponderal index is the height in inches divided by the cubed root of weight.

Ixd
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Table 2. Average age, weight, length, height and ponderal index* for ambulatory
non-residents, ambulatory and non-ambulatory residents.

Group
Mean 

N Age
Weight
(pounds)

Length
(inches)

Height
(inches)

Ponderal Index 
(length)

Non
resident 
ambulatory ' 10 57.6 151.4 62.3 62.0 11.8
Resident
Ambulatory 20 81.1 123.6 59.7 58.8 12.0
Resident
non
ambulatory 20 80.3 105.4 60.6 12.8

* Ponderal index Ht/ 3 Wt
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(10). The non-resident ambulatory subjects were younger 
than the resident ambulatory subjects so the difference in 
the height measurements would appear to agree with other 
reported findings (10). Many of the ambulatory residents 
reported their height before the measurement was made and 
found that they were shorter than they had reported.

Comparison of the mean length shows a general trend . 
for the decrease in length in the older age groups (see 
Table 2). This is also related to the changes in the 
stature as age progresses since height and length measures 
are related.

The relationship between the weights of the non- 
resident is interesting. The mean weight of the ambula
tory non-residents is greater than the resident subjects 
(see Table 2). Studies have noted the tendency towards a 
continual weight gain until approximately the age of 70 
(10, 15). Beyond this age research shows a decline in the 
average weights (10). The fact that the non-resident sub
jects were younger than the resident subjects would appear 
to be a factor in this weight relationship.

Mean weights of the resident ambulatory subjects 
were greater than the non-?ambulatory resident subj ects 
(see Table 2). It should be noted that the non-ambulatory 
subj ects were generally ill and limited in their activi
ties . This affects appetite to a great extent.
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Ponderal index was calculated for all 50 subjects 

using the recumbent length measurements and the weight data. 
This calculation is expressed as height, or length for this 
study, divided by the cubed root of weight (11, 17).
Ponderal index values were also calculated for the 30 
ambulatory subjects using the height data. The differences 
between the ponderal index using length and the ponderal 
index using heights for each individual were minimal and 
had little effect on the results.

Using the average Weight tables published by the 
Metropolitan Life Insurance Company (see Appendix D) the 
ponderal index was calculated for the different age groups 
using heights and weights. These values are the average 
calculated ponderal index and were used in the study as 
standards for comparing the actual ponderal index from the 
subjects' data. The average calculated ponderal index and 
subjects' actual ponderal index were compared and the differ
ences measured. The average calculated ponderal index value 
(see Appendix C) +0.4 appears to indicate a person whose 
weight is within ten percent above or below the average 
weight for that height. Overweight has been defined as ten 
percent Or more above the ideal weight (22). For this study 
the value ten percent above the average weight was used to 
indicate potentially overweight persons. A difference 
between the Subj ects1 actual ponderal index and the average
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calculated ponderal index of less than -0.4 indicated an 
overweight person while a value greater than +0.4 indicated 
a person whose weight was ten percent under average weight 
(see Table 3).

Of the 50 subjects in the study, 14 percent could 
be judged as overweight using the ponderal index (see Table 
3). Of these overweight persons, two were residents and 
five were non-residents. Eighteen percent of the subjects 
appear to be within ten percent above or below the average 
weight for their height. Sixty-eight percent of the sub
jects are underweight when judged using the ponderal index 
and average weight. •

By dividing the subjects into residents and non- 
residents it is noted that 50 percent of the non-residents 
could be considered overweight (see Table 3) while only five 
percent of the residents are judged as being overweight.
This may relate to the decline in weight associated with 
persons over 70 years of age (15). The non-resident 
subjects had an average age of 57.6 years which is approxi
mately 23 years younger than the average age of the 
resident subjects of 80.7 years (see Table 2).
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Table 3. Evaluation of weight status comparing difference 

between calculated average ponderal index* and 
actual subject ponderal index. -- U = Underweight, 
A - Average Weight, 0 = Overweight.

Height Non-residents. Residents
(inches) 40-49 50-59 60-69 70-79 80-89 90+

56 U AUUU
57 U UU UAO
58 A
59 ou UUU
60 0 UU UUAU
61 0 AU AUU UU
62 U AO UUA
63 u u UU
64 0 0 U UU
65
66 u .
67 u
* Ponderal index Ht/ 3 Wt . .



CONCLUSIONS

Although the sample size was small, the results of 
this study were gratifying. The resident subjects, who were 
older ,, were- generally shorter than the younger non-residehts 
The mean difference between height and length increased with 
the age of the subjects. The average weight of the resident 
subjects was less than that of the non-resident subjects.
The length and weight data obtained was used to calculate 
the ponderal index, an indicator of overweight. Comparing 
the subjects' ponderal index to the .calculated average 
ponderal index it was indicated that a large proportion Of 
the resident subjects were underweight.

The greater difference between the height and length 
of the older resident subjects compared to that of the 
younger, non-resident subjects appears to agree with other 
reported findings (10). The younger non-resident subjects 
were at an age where the loss of stature is just beginning. 
These subjects are also not as affected by some of the 
health problems which affect height, such as osteoporosis 
and arthritis. Many of the older ambulatory residents 
showed postural problems which prevented their standing 
fully erect.

34
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The weights- of the non-ambulatory residents were 

found to be lower than the ambulatory residents. Due to 
health problems, usually more severe than in the ambulatory 
residents, and reduced activity levels the Subjects tend to 
eat less.

The tool designed to measure the recumbent length 
of the non-ambulatory residents met its expectations. The 
ease of using the tool and the acceptability by the resi
dents seem to indicate the tool may be practical for use in 
this type of facility. The accuracy was tested by obtaining 
the standing heights and recumbent lengths of the ambulatory 
subjects. The mean difference between the height and length 
was within reasonable range of values established in other 
studies (9, 10).

In view of the results of the weight, height and 
length measurements and the ponderal index calculation, I 
would recommend that an average weight-length table be 
established for the facility. There are a large number of 
residents who appear to be exceptionally underweight by 
reading the data whereas the actual number of residents who 
appeared underweight was small. Standardized weight tables 
do not apply to all populations.

I would recommend the further monitoring of the 
heights and weights of the residents. The tool should be



36
used to obtain stature information of non-ambulatory resi
dents as well as ambulatory residetits . A continual measure
ment of the difference between height and length will 
establish the accuracy of the measuring tool used for this 
study.

In.the further study of the use of the length, 
height and weight information to indicate weight status, 
the case oriented approach to nutritional status assessment 
(21) should be utilized. Clinical, biochemical and dietary 
parameters would be evaluated with a focus on priorities in 
order to establish the nutritional needs of the residents 
and criteria for the process of resident care audit that is 
forthcoming in view of Professionals Standards Reviews.



APPENDIX A

GUIDELINES FOR MEASURING SUBJECTS

Standing Weight
1. Help subject remove shoes.
2. Help subject to stand on platform of scale.
3. Check position of subject on scale.

a. Feet together
b. Posture erect
e. Subject not touching anything .

4. Measure weight to closest eighth pound.
5. Help subject down from scale platform and with shoes. 

Standing Height
1. Help subject remove shoes.
2. Help subject onto platform, back towards stadiometer.
3. Check position of subject.

a. Subject stands with heels together.
b. Heels and shoulders back touching stadiometer.
c. Eyes horizontal and in the same plane as the

external auditory canal.
4. Lower right angle arm until firmly resting on 

vertex of the head.
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/5 . Read to the closest eighth inch at eye level * j

6. Help subject down and with replacing shoes.
Weight--us ing the Hoyer Lift

1. Remove shoes for subject»
2. Arrange sling to place under subject.
3. Help position subject on sling.
4. Attach chains to sling.
5. Raise apparatus so that subject is suspended in air 

without touching any surfaces.
6. Read weight to nearest pound.
7.. Lower subject back onto chair or bed.
8; Remove, sling from under subj ect.

Recumbent Length
1. Help subject remove shoes (if ambulatory).
2. Help to position subject on hard, flat surface or

bed.
a. Subject is to be lying on back
b. Head and spinal column aligned
c. Legs and feet together
d. Eye in approximately the same plane as the ear 

canal,
3. Hold measuring rule parallel to body.
4. Place foot rest firmly against heels.
5. Move slide so the right angle arm is firmly against 

the Vertex of the head.
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6. Read measurement to closest 0.1
7. Help subject up and with shoes,

cm.



APPENDIX B 

RESULTS
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Sub
ject
No.

Weight 
Age (pounds)

, Height 
(inches)

Length
(inches)

PI
(height)

PI
(length)

1 83 130.5 57.2 Ul 00 00 11.3 11.6
2 78 191 58.2 59.0 10.1 10.2
3 78 104.2 58.5 58.6 . 12.4 12.4
4 84 113 56 56.9 11.6 11.8
5 88 126.1 55.2 56.8 11.0 11.3
6 80 ' 124.2 55 57.5 11.0 11.5
7 91 114.5 59 59.9 12.2 12.3
8 74 125.9 62.2 62.8 12.4 12.5
9 71 147.5 60.5 60.9 ■ 11.4; >  11.4

10 ■ 83 123.2 60.1 60.2 12.1 12.1
11 75 109.5 61 63.3 12.8 13.2
12 72 124.5 61 61.3 12.2 12.3
13 80 147.2 60.2 60.6 11.4 11.5
14 86 97.5 59.8 61.8 13.0 13.4
15 90 102.5 55.5 56.2 11.8 12.0
16 81 96.2 59.2 60.4 13.0 . 13.1
17 87 119 58.5 59.1 11.9 12.0
18 87 154 57.1 57.4 10.6 10.7
19 67 105.2 63 63.3 13.3 13.4
20 87 116 58 . 58.8 11. 9 12.0
21 72 109 * 63.9 . . * 13.4
22 90 123 * 60.7 * 12.2



42

Subject 
No.

Weight 
. Age (pounds)

Height
(inches)

Length
(inches)

PI
(height) PI

(length)
23 87 107 * 61.9 * 13.0
24 88 92 * 58.6 * 12.9
25 82 107 * 55.3 * 11.6
26 81 99 •k 64.2 * 13.9
27 80 99 * 55.6 • * 12.0
28 79 103 * 57.4 * 12.2
29 80 137 * 59.8 * 11.6
30 75 88 * 56.4 * 12.7
31 89 89 * 55.6 * 12.4
32 60 83 ' * • 66.9 ' * 15.3
33 80 105 * 60.6 * 12.8
34 85 103 * 60.9 * 13.0
35 80 148 * 61.5 * . 11.6
36 75 116 . * 59.8 ■k 12.3
37 87 119 * 59.5 * . 12.1
38 76 77 * 56.7 * 13.3
39 83 117 * 64.0 * 13.1
40 76 87 * 60.3 * 13.6
41 58 174 60.2 60.9 10.8 10.9
42 57 119.8 62.2 62.8 12.6 12.7
43 57 103 . 8 57.8 58.1 12.3 12.4
44 59 157.8 . 62,2 62.1 11.5 11.5
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Sub
ject 
No.

Weight 
Age (pounds)

Height
(inches)

Length
(inches)

PI
(height)

PI
(length)

45 56 202.1 63.2 63.9 10.8 10.9
46 47 131.8 66 66.3 13.0 13.0
47 49 168.5 63.5 63.8 11.5 11.6
48 52 172.5 62.2 62.5 11.2 11.2
49 49 165.5 60 60.4 10.9 11.0
50 47 118.2 62 62.3 12.6 12.7

* No height measurements made.



APPENDIX C

CALCULATED PQNDERAL INDEX* VALUES BASED ON
AVERAGE WEIGHT TABLE**.

Inches 40-49 50-59 60+

56 11.3 - 11.2 11.1
57 , ' 11.4 11.3 11.3
58 11.5 11.5 11.4
59 11.6 11.6 11.5
60 11.8 11.7 11.6
61 11.9 11.7 11.7
62 : 11.9 11.8 11.8
63 12.0 11.9 11.9
64 12.1 12.0 12.0
65 12.2 12.1 12.0
66 12.3 12.2 12.1
67 12.4 12.2 . 12.2

* P.I. = hgt/- 3 Wt
** Taken from Metropolitan Life Insurance Co. (24).
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APPENDIX D 

HEIGHT AND WEIGHT TABLES
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Table D-l. Desirab1e weights for women.*

Inches Small Frame* Medium Frame* Large Frame*

56 92-98 96-107 104-119
57 : 94-101 98-110 106-122
58 96-104 101-113 109-125
59 99-107 104-116 112-128
60 102-110 107-119 115-131
61 105-113 110-122 118-134
62 108-116 113-126 121-138
63 111-119 116-130 125-142
64 114-123 120-135 129-146
65 118-127 124-139 133-150
66 122-131 128-143 137-154
67 126-135 132-147 141-158
68 130-140 136-151 145-163
69 134-144 140-155 149-168
70 138-148 144-159 153-174

* Taken from Metropolitan Life Insurance Co.'(24).
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Table D-2. Average weights for women.*

Inches 40-49 50-59 60+

56 122 125 127
57 - 124 127 129
58 127 130 131
59 130 133 '134
60 133 136 137
61 136 140 141
62 140 144 145
63 143 148 149
64 147 152 153
65 151 156 157
66 155 160 161
67 159 164 165
68 164 169 **
69 ' 169 174 it-i'i .

70 174 180 -kic

* Taken from Metropolitan Life Insurance Co. (24).
** Insufficient data available.



APPENDIX E 

INFORMATION FROM. SUBJECTS' CHARTS
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Subject
Number Age Height Weight Medical Diagnoses and Problems
Ambulatory 
1 83 57.25 130.5 Osteoarthritis of the knees, hypertension.
2 78 58.25 191 Organic brain syndrome, fused right knee.
3 78 58.5 104.25 Parkinsons Disease, ASHD, pulmonary emphysema, 

acute bilateral conjunctivitis.
4 84 56.0 113 Diffused atherosclerosis.
5 88 55.25 126.125 Senility.
6 80 55.0 124.25 Chronic organic brain syndrome, post craniotomy
7 91 59.0 114.5 Cardiovascular disease, cellulitis of the left 

leg, cholecystitis.
8 74 62.25 125.875 Cerebral artiosclerosis, chronic bronchitis, 

polycythemia, emphysema.
9 71 60.5 147.5 COPD

10 83 60.125 123.25 Renal mass, hematuria, coronary insufficiency.
11 75 61.0 109.5 Diabetes mellitus, cardiovascular disease, 

depression.
12 72 61.0 124.5 Cancer, diabetes, tuberculosis.



Subject
Number Age Height Weight Medical Diagnoses and Problems

13 80 60.25 147.25
14 86 59.75 97.5

15 90 55.5 102.5

16 81 59.25 96.25

17 87 58.5 119
18 87 57.125 154

19 67 63.0 105.25
20 87 58.0 116
Non-ambulatory Residents
21 72 63.9 109
22 90 60.7 123

Arteriosclerosis, cardiovascular disease.
Post-fracture of right hip, post-prosthetic 
arthroplasty of the right hip.
Narnochronic narmocytic anemia, hypertension, 
diabetes mellitus, ASHD-GtiF, arthritis, 
arteriosclerosis.
Organic brain syndrome, mildly disoriented, 
colostomy.
Hypertension, arteriosclerosis.
Chronic organic brain syndrome, paranoia, 
peripheral vascular insufficiency, symptomatic 
osteoarthritis.
Fracture of Sight hip, seizures.
Degenerative joint disease, prolapsed uterus,

Post head trauma,
Post fracture of right hip, cataracts.

in



Subject ;
Number Age Height Weight Medical Diagnoses and Problems

23 87 61.9 107 Organic brain syndrome, Parkinsons disease, 
cerebral arteroselerosis t

24 88 58.6 92 Post OVA, post fracture of hip, post fecal 
impaction.

25 82 55.3 107 Rheumatoid arthritis, CHF, stasis ulcers, 
cellulitis.

26 81 64.2 99 COFD, ASHD, arthritis, cancer of breast and 
pleura. "/ :

27 80 ' 55.6 99 Senility, ventral hernia, chronic constipation
28 ■ 79 57.4 103 Fracture of right hip, mass in right abdomen.
29 80 59.8 137 Right hip injury, Parkinsons disease,
30 75 56.4 88 Chronic organic brain syndrome.
31 89 55.6 89 Fracture of right femur, depression, ASHD, 

arthritis.
32 60 66.9 83 Hypertension, nodosa,
33 ' 80 60.6 105 CVA, ASHD, cholecystitis.
34 85 60. 9 85 . COBS, depression, paranoid,



Subj ect
Number Age Height Weight Medical Diagnoses and Problems

35 80 61.5 148 Diabetes, below knee amputation on left leg.
36 75 59.8 116 GI bleeding, rheumatoid arthritis.
37 87 59.5 119 Parkinsons disease, ASHD, degenerative arthritis 

esophogeal diverticulitis.
38 76 56.7 77 Meniere's disease, leukemia.
39 83 64.0 83 Neurogenic bladder, lower motor neuron problem, 

bursitis, secondary to myelitis post radiation.
40 76 60.3 87 GV hypertension, CVA--left side.

UiN>
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