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ABSTRACT 
 

Malnutrition in old age is a significant problem. Body Mass Index predicts disease risk both in those termed 
underweight and in those who are obese. However, BMI may be unreliable in the presence of confounding factors 
and reliable estimation of height is difficult in the elderly because of vertebral compression, loss of muscle tone and 
postural changes. Mini Nutritional Assessment is a widely used international questionnaire to evaluate nutritional 
status of elderly. However, performing MNA is time consuming. The aim of the present study was to develop 
predictive equations to estimate height from knee height in elderly population. The malnutrition assessed using these 
equations shows fairly better agreement with malnutrition assessed using MNA questionnaire compared with 
malnutrition assessed using actually measured height and weight.  
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Introduction 
 

 

Malnutrition is a state in which a deficiency, excess or 
imbalance of energy, protein and other nutrients causes 
adverse effects on body form, function and clinical 
outcome [1]. In the older population, undernutrition 
rather than overnutrition is the main cause for concern, 
since its relation to morbidity and mortality is stronger 
than that of obesity [2]. The prevalence of malnutrition 
increases with escalating frailty and physical 
dependence [1].  
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There is ample evidence of the adverse consequences 
of malnutrition on physical and psychosocial outcomes 
[3, 4-6], and seemingly these are independent of 
underlying disease and disability [7]. Malnourished 
older people are at increased risk of falls, lengthy 
hospital stays and rehabilitation, institutionalization, 
postoperative complications, infections, pressure 
ulcers, poor wound healing, impaired muscle and 
respiratory function and death [1, 8, 9]. 
Body mass index (BMI; weight[kg]/height[m2]) 
predicts disease risk both in those termed underweight 
and in those who are obese. The World Health 
Organization categorizes underweight as BMI < 18.5, 
normal 18.5 – 24.9, overweight 25 – 29.9, obese 30 – 
30.99 and extreme obesity > 40 . However, BMI may 
be unreliable in the presence of confounding factors 
such as oedema or ascites , and may not identify 
significant unintentional weight loss if used as a single 
assessment [6,10,11] . Furthermore, reliable 
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measurement of height can be difficult in the elderly 
because of vertebral compression, loss of muscle tone 
and postural changes [6,12]. Mini nutrition assessment 
(MNA) is a widely used international questionnaire to 
evaluate the nutritional state of seniors with high 
sensitivity (98.9%), specificity (94.3%) and diagnostic 
accuracy (97.2%). It closely correlates with 
biochemical (albumin, prealbumin, transferrin levels, 
and lymphocyte numbers) and anthropometrical 
markers (measuring of subcuticular fat, arms 
circumference) that was verified by a number of 
clinical studies on wide sets of geriatric patients[13-
15]. Performing the MNA is time consuming because 
MNA itself consists of 4 groups of questions and 
measurements: basic anthropometrical measurement 
(BMI, arm, hip circumference, loss of body mass), total 
condition evaluation (mobility, self sufficiency, chronic 
defects, presence of acute disease, psychological 
condition and polypragmasia), eating habits (questions 
aimed at food and liquid consumption and the ability to 
eat) and judging the condition of nutrition and health. 
A certain number of points are allocated to each 
question; maximum reached is 29 points, minimum 0 
point. Normal MNA and a good condition of nutrition 
is considered above 24 points, endanger risk of 
malnutrition appears in the range 17-23.5 points and 
score under 17 verifies malnutrition. 

Height and weight are important anthropometric 
measurements for the assessment of   health conditions 
in people. However, the measurement of height in the 
elderly who are confined to bed or in wheelchairs or 
who have spinal deformities can be difficult. Miyazawa 
reported that there were 76 % of admitted patients who 
could not have their height and weight measured. In 
order to avoid these difficulties, alternative methods of 
estimating height from other anthropometric 
measurements have been developed. Generally, the 
knee height method is most common now. At present, 
the formula devised by Miyazawa and Chumlea [16] 
are often used in Japan. However, whereas Miyazawa’s 
formula was developed from the data of people aged 
from 21 years to 97 years from various locations of 
Japan. Chumlea’s formula was developed from the data 
of people in the US. However, to the extent of our 
knowledge, not many studies were conducted in India 
to estimate height from knee height and age. In this 
paper, we attempted to create a formula to estimate the 
height using knee height and age in the elderly with the 
data from a community based cross sectional study 
conducted at the urban field practice area of PSG 
Institute of Medical Science and Research, 
Coimbatore. 
 

Materials and Methods 

Study design and population 

The urban health centre of PSG Institute of Medical 
Science and Research has 6 areas on which 3 areas 
were randomly selected. The selected areas were 
HUDCO, AD colony, Pattallamman Koil Street. The 
total numbers of households in these 3 areas were 762. 
In 565 houses, there were no elderly person and non 
response was obtained in 43 houses. Hence we 
surveyed 154 households and interviewed 190 elderly 
people. All elderly people aged 60 years and above 
residents at HUDCO Colony, AD colony and 
Pattallamman Koil Street were included in the study. 
Subjects having debility or structural defects such as 
chest or upper limb deformities, those with medical 
disorders known to have altered body proportions were 
excluded from the study. Approval for the study was 
obtained from Institutional Human Ethics Committee 
(IHEC). Written informed consent was obtained from 
each patient.  

Measurements 

The participants were requested to stand straight, with 
heels together, and height was measured with a 
measuring tape (Wellknown Syndicate Tirupur, 
Tamilnadu) measured to the nearest centimeter (cm) 
and weight was assessed by a digital weighing machine 
to the nearest kilogram (kg). BMI was calculated as 
weight in kg by the square of height in meters (kg/m2).  
Knee height was measured with the subject seated in a 
chair, using a measuring tape from top of the knee to 
the sole level. Measurements were performed on the 
left leg, positioning the knee and ankle at a 90˚ angle.   

Statistical Analysis 

A scatter diagram was initially plotted for knee height 
and height. We excluded 6 observations having 
extreme values observed in the correlation from the 
analysis. Thus the linear regression analysis was 
performed among 184 observations using SPSS (19.0) 
for estimating height from knee height and age. An 
estimation of yi = a+b1x1+b2x2 was developed where x1 
is knee height and x2 is age, a is the intercept, b1 and b2 
represent the regression coefficients (slopes) of knee 
height and age. R2 is the coefficient of determination 
which is interpreted as the proportion of total variation 
in height measured through knee height and age. For 
the actually collected data, using BMI, we defined 
malnutrition as having BMI ≤ 18.5 kg/m2. This was 
compared with malnutrition assessed using MNA 
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questionnaire having score ≤ 17. The agreement 
analysis was measured using Kappa statistic. We have 
further estimated the height using the regression 
equation developed and BMI was further calculated 
and malnutrition was then assessed. This was further 
compared with the malnutrition assessed using MNA 
questionnaire and agreement analysis was carried out. 
In Kappa statistic, mild agreement was defined as 0.4 
to 0.6, moderate agreement was defined as 0.6 to 0.8 
and good agreement was defined as 0.8 to 1. 

Results 

A total of 184 elderly people were included in the 
analysis. The mean height and its standard deviation 
among male adults were 162.31 cm and 7.04 cm and 
among female adults were 147.32 cm and 6.50 cm. The 
mean knee height and its standard deviation among 
male adults were 51.97 cm and 2.46 cm and among 
female adults were 48.08 cm and 2.72 cm. The mean 
age and its standard deviation among male adults were 

72.79 years and 7.64 years and among female adults 
were 70.41 years and 8.03 years. 

The scatter diagram for actual height and knee height is 
shown in Figure 1. People who were taller in stature 
had a higher knee height. Pearson correlation 
coefficient was 0.837 (p<0.01). The regression 
equations assessed for estimating height for male and 
women are given in Table 1. 

The agreement between malnutrition estimated from 
BMI using the regression equations and malnutrition 
estimated using MNA score shows fairly moderate 
agreement (Kappa = 62%) compared with the mild 
agreement between malnutrition estimated from BMI 
using the height and weight measured and malnutrition 
estimated using MNA score (Kappa=56%) (Tables 2 
&3) 

 
Fig 1: Scatter diagram for height and knee height  (n=184) 

 
Table 1: Estimating height from knee height and age based on gender 

Regression equation R2 (%) 

For men, Height =2.274*Knee height-0.063*age+48.732 62.7 

For women, Height =1.728*Knee height-0.145*age+74.503 58 
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Table 2: Agreement  between  malnutrition  assessed  using  actual BMI compared  with  malnutrition  
assessed  using  MNA  questionnaire 

Actual BMI 
(Kg/m2) 

Malnutrition  
Kappa 

Yes No 
< 18.5 19 5  

0.555 
≥ 18.5 18 148 

Table 3: Agreement  between  malnutrition  assessed  using  estimated  BMI compared  with  malnutrition  
assessed  using  MNA questionnaire 

Estimated BMI 
(Kg/m2) 

Malnutrition  
Kappa 

Yes No 
< 18.5 23 7 0.620 

≥ 18.5 14 146 

 
Discussion 

In this study we found that the knee height is highly 
correlated to stature. There are many equations for 
estimating stature from knee height, which have been 
reported by Chumlea[16],  Lera[17] , Chumlea [18], 
Han [19], Chumlea[20] , Palloni [21] , Donini [22] , 
Zhang [23], Myers [24], Shahar [25] , Cockram [26] , 
Knous [27]  in various countries. In Japan, the 
equations by Miyazawa and also by Chumlea are 
popular when estimating a person’s height from knee 
height. However in India to the extent of our 
knowledge, this is the first study to estimate height 
from knee height. 
 
To evaluate the relationship between height and knee 
height or other factors, all authors who mentioned 
above used the simple or multiple linear regression 
models. In both models, the slopes for knee height 
were approximately 1.8 and as the slopes for age 
ranged from 0.07 -0.26. In our study also, we observed 
the similar results. The R2 values for men and women 
are 62.7% and 58% respectively which shows similar 
goodness of fit as observed in other parts of the world. 
There is a report that arm length may be used as a 
substitute for measurement of height. We also 
examined the correlation between arm length and 
height but could not find much correlation in the 
analysis.  

Conclusion 

The measurement of knee height provides a simple, 
quick and accurate means of estimating height for 
elderly whose height cannot be measured. The findings 
clearly support the observations from other parts of the 
world. Large scale community based studies can throw 
more light in this field. 

Acknow ledgements  

The authors are extremely thankful to Dr. S. 
Ramalingam, Principal, PSG Institute of Medical 
Sciences and Research for permitting us to do this 
study. We are grateful to Dr. Thomas V. Chacko, 
Professor and Head of Department of Community 
Medicine, PSG Institute of Medical Sciences and 
Research, for his constant support and encouragement 
for the successful completion of the study. We would 
like to express our deep and sincere gratitude to Ms. 
Ashraf, Assistant Professor in Physiotherapy for her 
valuable guidance in the community. 

References 

1. Stratton RJ, Green CJ, Elia M. Disease Related 
Malnutrition: an Evidence Based Approach to 
Treatment. Oxford: CABI 2003. 

2. Elia M. (ed.) Screening for Malnutrition: A 
Multidisciplinary Responsibility. Development and 
use of the ‘Malnutrition Universal Screening Tool’ 
(‘MUST’) for Adults. BAPEN 2003. 

3. Kopelman P, Lennard- Jones J. Nutrition and 
patients: a doctor’s responsibility. Clin Med J 
2002; 2:391-394. 



 

Asian Pac. J. Health Sci., 2014; 1(4S): 79-83                                            e-ISSN: 2349-0659,   p-ISSN: 2350-0964                         
____________________________________________________________________________________________________________________________________________  

 ____________________________________________________________________________________________________________________________________________ 

Mathew et al ASIAN PACIFIC JOURNAL OF HEALTH SCIENCES, 2014; 1(4S): 79-83 

www.apjhs.com      83 

 

4. Whirter J, Pennington CR. Incidence and 
recognition of malnutrition in hospital. BMJ 1994; 
308:945-948. 

5. Jeejeebhoy KN, Baker JP, Wolman SL, et al. 
Critical evaluation of the role of clinical 
assessment and body composition studies in 
patients with malnutrition and after total parenteral 
nutrition. Am J Clin Nutr 1982; 35:1117-1127. 

6. Balcombe NR, Ferry PG, Saweirs  WM. 
Nutritional status and well being. Is there a 
relationship between body mass index and the well 
being of older people? Curr Med Res Opin 2001; 
17:1-7. 

7. Muhlethaler R, Stuck AE, Minder CE, Frey BM. 
The prognostic significance of protein – energy 
malnutrition in geriatric patients. Age Ageing 
2005; 24:193-197. 

8. Milne AC, Potter J, Avenell A. Protein and energy 
supplementation in elderly people at risk from 
malnutrition. Cochrane Database of Systematic 
Reviews 2005, Issue 1, Art No. : CD003288.pub2. 

9. Davidson J, Getz M. Nutritional risk and body 
composition in free living elderly participating in 
congregate meal- site programs. J Nutr Elderly 
2004; 24:53-68. 

10. McKinley J. Nutritional assessment: identifying 
patients’ needs. J R Coll Physicians Edinb 2004; 
34:28-31. 

11. Campillo  B, Paillaud  E, Uzan I, et al. Value of 
body mass index in the detection of severe 
malnutrition: influence of the pathology and 
changes in anthropometric parameters. Clin Nutr 
2002; 23:551-559. 

12. World Health Organization. Physical status: the 
Use and Interpretation of Anthropometry. (Who 
Tech Rep Ser 854). Geneva: WHO, 1995. 

13. Kagansky  N, Berner Y, Koren- Morag  N,  
Perelman L,  Knobler  H,  Levy  S.  Poor 
nutritional habits are predictors of poor outcome in 
very old hospitalized patients. Am J Clin Nutr 
2005; 82(4): 784-791. 

14. Ruiz –Lopez MD, Artacho  R, Oliva  P, Moreno- 
Torres R, Bolanos  J, de Teresa C et al. Nutritional 
risk in institutionalized older women determined 
by the Mini Nutritional Assessment test. What are 
the main factors? Nutr 2003; 19(9):767-771. 

15. Vellas B, Guigoz Y, Baumgartner M, Garry PJ, 
Lauque S, Albarede JL. Relationships between 
nutritional markers and the mini-nutritional 

assessment in older persons. J Am Geriatr Soc. 
2000; 48(10):1300-1309. 

16. Chumlea WC, Roche AF, Steinbaugh ML. 
Estimating stature from knee height for persons 60 
to 90 years of age. J Am Geriatr Soc. 1985; 33: 
116-120. 

17. Lera L, Luis Santos J, García C, Arroyo P, Albala 
C. Predictive equations for stature in the elderly: A 
study in three Latin American cities. Annals 
Human Biology 2005; 32: 773-781. 

18. Chumlea WC, Guo SS, Steinbaugh ML. Prediction 
of stature from knee height for black and white 
adults and  children with application to mobility-
impaired or handicapped persons. J Am Diet 
Assoc. 1994; 94: 1385-1388. 

19. Han TS, Lean MEJ. Lower leg length as an index 
of stature in adults. Int J Obes. 1996; 20: 21-27 

20. Chumlea WC, Guo SS, Wholihan K Cockram D, 
Kuczmarski RJ, Johnson CL. Stature prediction 
equations for elderly non Hispanic white, non-
Hispanic black, and Mexican-American persons 
developed from MHANES III data. J Am Diet 
Assoc. 1998; 98: 137-142. 

21. Palloni A, Guend A. Stature prediction equations 
for elderly Hispanics in Latin American countries 
by sex and ethnic background. J Gerontol Med Sci. 
2005; 60: 804-810. 

22. Donini LM, de Felice MR, de Bernardini L, Ferrari 
G, Rosano A, dé Medici M, Cannella C. Prediction 
of stature   in the Italian elderly. J Nutrition, Health 
& Aging 2000; 4: 72-76. 

23. Zhang H, Hsu-Hage BHH, Wahlqvist ML. The use 
of knee height to estimate maximum stature in 
elderly Chinese. J Nutrition, Health & Aging 1998; 
2: 84-87. 

24. Myers SA, Takiguchi S, Yu M. Stature estimated 
from knee height in elderly Japanese Americans. J 
Am Geriatr Soc. 1994; 42: 157-160. 

25. Shahar S, Pooy NS. Predictive equations for 
estimation of stature in Malaysian elderly people. 
Asia Pac J Clin Nutr. 2003; 12: 80-84. 

26. Cockram DB, Baumgartner RN. Evaluation of 
accuracy and reliability of calipers for measuring 
recumbent knee height in elderly people. Am J 
Clin Nutr. 1990; 52:     397- 400. 

27. Knous BL, Arisawa M. Estimation of height in 
elderly Japanese using region-specific knee height 
equations. Am J. Human Biology. 2002; 14: 300-
307.

Source of Support: NIL                                     
Conflict of Interest: None  
 


