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Abstract
Introduction: The diurnal variations in stature significantly affect the reliability of 
height data. Diurnal variation in stature affects the reliability of any data that involves 
height measurement without a correction factor at different times of the day. The aim 
of the study was to determine the diurnal height loss of adults aged ≥ thirty years in the 
Greater Accra Region of Ghana.
Materials and Methods: A total of 90 subjects were randomly sampled. Weight and 
Height measurements were taken twice a day between 5.30 - 7.30 am and 5 - 7 pm. 
WHO-Step wise questionnaires were used to gather all information on subjects.
Results: The maximum height loss between 7 am and 7 pm from the study was 2.7 cm 
whiles mean was 1.61 cm. There was a greater mean height loss in males (1.63 cm) 
than in females (1.59 cm), greater mean BMI difference between morning and evening 
BMI was observed for females (1.21 kg/m2) than in males (1.02 kg/m2). There was sig-
nificant association between height loss and occupational activities (p-value < 0.001).
Conclusion: The height of the subjects significantly reduced from 7 am to 7 pm and 
increased from 7 pm to 7 am. The major factor that contributes to diurnal height vari-
ations is the level of occupational activity performed in a day. No significant rela-
tionships were established between age, sex, total caloric intake and diurnal height 
loss.	
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Introduction

	 Height of a person can be defined as the distance from 
the base of the foot (sole) to the top of the head. Anatomically, it 
is the composite of linear dimension of the roof or the maximum 
protuberance of the skull, vertebral column, pelvis and the end 
of the lower limbs. It is the most predominantly used anthropo-
metric indices. It has been employed in various fields of study 
and professions including, medicine in the study of height loss 
due to aging and many disorders such as scoliosis, knock-knees, 
hyper extended knees, bowlegs and knee flexures in osteoporot-
ic, spinal fracture studies and in anthropometry. It is important 
in ergonomics concerned with fitting people, their technological 
tools and environments[1].
	 It is usually assumed that any measurement at any 
time of height gives people sufficient information for whichever 
purpose it is taken for. However, there is systematic change in 
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height with respect to time of the day which introduces errors 
usually regarded by many as so small that can be safely ignored. 
On the contrary, diurnal variations in stature significantly affect 
the reliability of its use in different fields of discipline. There is 
a need to minimize measurement error of height in the assess-
ment. Within the course of a day the types of activity may affect 
decline in height of an individual[1-2]. 
	 A study reported percentages pertaining to length of the 
body that is dominated by the spinal column as 33.33% and of 
this, 30% comprises the intervertebral discs[3]. The greatest loss 
in height has been isolated to the region of the lumbar vertebra 
which possesses the thickest intervertebral discs in the spine[4]. 
Collagen and proteoglycans are the major macromolecular 
constituents of the nucleus pulpous of the intervertebral discs, 
which consists of a network of collagen fibers embedded in a 
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proteoglycans gel[5]. The nucleus pulpous gel consists of 80 – 
90% water. It is variable and represents equilibrium between the 
mechanical pressure which dehydrates the gel, and the swelling 
pressure of the hydrophilic proteoglycans, which causes the gel 
to absorb fluid. The mechanical pressure occurs during the day 
due to factors such as the Body Mass Index (BMI) of the indi-
vidual, gravitational force, occupational exposures and activity 
which introduce forms of load on the body[6-7]. Fluid is expelled 
from the nucleus pulpous of the intervertebral discs, which leads 
to the decrease in stature[8]. This was confirmed that the amount 
of height loss is proportional to the amount of fluid loss and de-
gree of compressive loads on the spine[9]. The swelling pressure 
on the other hand occurs during recumbence of sleep or when 
one is in a supine position, where the loading of intervertebral 
discs are significantly reduced, resulting in them absorbing fluid, 
increasing in volume and subsequently, increasing the total stat-
ure of an individual[8]. The diurnal variations in the discs indicate 
water can be squeezed out under pressure and compressive load 
when it exceeds the osmotic pressure of the discal tissue leading 
to expulsion of fluid respectively[10]. 
	 Studies have shown that about 1.0 cm to 3.0 cm loss in 
stature of an individual is due to 9.9% to 20.0% decrease in ver-
tebral column height. Stature loss is also thought to occur in the 
joints of the pelvis, knee and ankle. Height is expected to be at 
its maximum after rising from bed. Diurnal variations in stature 
may substantially affect the reliability of height data at different 
times of the day[1]. Due to the increasing use of height in the esti-
mation of nutritional, health status, ergonomic and medico-legal 
quantitative measures of individuals, there is the need to stan-
dardize the height measurement and BMI of an individual taking 
into account the diurnal changes in height. This study considered 
diurnal loss in heights for effective analysis, interpretation and 
use. 

Materials and Methods

Study Design and Population
	 The experimental sample consisted of randomly select-
ed individuals of both genders classes from the six different dis-
tricts in the Greater Accra Region. The weight and height of each 
subject was measured in the morning (5.30 am to 7.30 am) and 
in the evening (5 pm to 7 pm). The measurements were taken in 
triplicates using standard techniques. An interview administered 
questionnaires were used to gather all information on the sub-
jects.  
	 The eligible subjects were apparently healthy, free 
from any ailment and deformity; aged 30 years and above; not 
pregnant or lactating and willing to take part in the experimental 
study at those times (5.30 am – 7.30 am and 5 pm – 7 pm) of 
the day. The height of an individual rapidly begins to decrease 
within the first two hours after rising from bed[1]. The average 
Ghanaian is usually awake and ready by 6 am and is usually 
closed from work by 5 pm. These made it convenient time for 
the willing subjects to participate in the study. 

Results

Background Information
Table 1: Background Information on age and sex.
Parameters Frequency (n) Percent (%)
Age Group Distribution (Years)
30 - 35 15 16.7
36 - 40 15 16.7
41 - 45 16 17.8
46 - 50 14 15.6
51 - 55 8 8.9
56 - 60 9 10.0
61 - 65 10 11.1
66 - 70 3 3.3
Sex Distribution
Male 52 57.8
Female 38 42.2
Total 90 100.0

The results showed majority of the respondents were in 30 – 50 years 
age group (66.8%). The participants (90) comprised of 57.8% males. 

Diet and Eating Habits

Figure 1: Distribution of Subjects by their Total Caloric Intake (kcal)/
day
Majority of the participants (51.1%) had caloric intakes between 2000 
– 2999 kilocalories during the day of data collection. 

Anthropometric Data

Figure 2: Body Mass Index Profile of Subjects.
	 According to the BMI classification[11], 44.4% of the respon-
dents were overweight whiles to 28.9% were obese. 
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Figure 3: Height Loss by Subjects between Morning and Evening
The ranged of height loss was between 0.7 and 2.7 cm. 

Table 2: Descriptive Statistics for Weight, Height and BMI.
Sex Males Female All
Parameter Range  (Mean) Range (Mean) Range (Mean)
Weight (kg)

Evening 57.00 – 113.00 
(83.87)

58 – 109
(80.55)

57.00 – 113.00 
(82.47)

Morning 55.00 – 112.00 
(82.27)

57 – 107
(78.76)

55.00 – 112.00 
(80.79)

Gain 1.00 – 3.00
(1.60)

1.00 – 3.00
(1.79)

1.00 – 3.00
(1.69)

Height (cm)
Evening 149.80 – 192.10 

(174.68)
151.20 – 184.10 
(165.01)

149.80 – 192.10 
(170.60)

Morning 152.10 – 194.00 
(176.31)

152.10 – 185.60 
(166.60)

152.10 – 194.00 
(172.21)

Loss 0.70 – 2.60
(1.63)

0.70 – 2.70
(1.59)

0.70 – 2.70
(1.61)

BMI (kg/m2)
Evening 18.32 – 37.34 

(27.63)
19.67 – 38.81 
(29.66)

18.32 – 38.81 
(28.49)

Morning 17.17 – 36.58 
(26.61)

19.05 – 36.92 
(28.45)

17.17 – 36.92 
(27.39)

Gain 0.56 – 1.79
(1.02)

0.56 – 1.95
(1.21)

0.56 – 1.95 
(1.10)

The mean height loss for males was 1.63 cm and BMI loss ranged from 
0.56 to 1.79 kg/m2. The females mean height loss was 1.59 cm and BMI 
ranged from 0.56 to 1.95 kg/m2.

Figure 4: A graph of BMI against Height Loss.
The graph shows an inverse relationship between BMI and Height loss.
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Figure 5: A graph of Age against Height Loss.
The graph shows an inverse relationship between age and height loss.

Figure 6: A graph of Total Caloric Intake against Height Loss.

	 The graph shows an inverse relationship between total 
caloric intake and height loss. The age, BMI and total caloric 
intake all showed a negative correlation with height loss. The 
correlation coefficients showed a poor fit between these parame-
ters and height loss and not significant (Sig. 2 tailed > 0.05).

Table 3: Association between Other Variables and Height Loss. 
Variable Test Analysis p -value
Level of Activity 

Analysis of Variance
(One –Way ANOVA)

< 0.001
Mode of Activity / Condition < 0.001
Planned Physical Exercise   0.349
Knee Joint Pain Independent - Sample

T – tests Analysis
< 0.001

Sex 0.720
Back Pain 0.255

	 The Analysis of variance revealed the existence of an 
association between the variables and height loss. The height 
loss and level of activity, occupational exposure showed a strong 
association (p-value < 0.001).
The T – test analysis also revealed that sex was significantly as-
sociation with height loss. 



Table 4: Correlation between Total caloric intake (kcal) and Height loss 
(cm).
Parameter Weight Difference (Kg)

Total Calories
Pearson Correlation .418**
Sig. (2-tailed) .000
N 90

**. Correlation is significant at the 0.01 level (2-tailed).

Figure 7: Distribution of different levels of activity.

Figure 8: Distribution of different types of Physical activities.

Figure 9: Types of exercise participants engage in	 .

Discussion

	 The male respondents recorded a mean evening and 
morning height of 174.68 cm and 176.31 cm respectively, whiles 
the females recorded 165.01 cm and 166.60 cm for mean eve-
ning and morning heights respectively. Now, it is evident from 

the results that, the stature of an individual shows a variation at 
different times of the day (morning and evening). The variations 
which were observed to be losses in height were found to be a 
mean loss of 1.63 cm for males and 1.59 cm for females. These 
variations ranged from 0.70 cm to 2.70 cm[2], also recorded a 
similar range from 0.80 cm to 2.80 cm in his study and further 
explained that, the decline in height was not always continuous 
throughout the day nor are measurements necessarily identical 
at similar times on consecutive days. This may imply that the 
pattern of activity during the course of the day, affects diurnal 
height to some extent. 
	 Since the height of an individual rapidly begins to de-
crease within the first two hours after rising[1] and is said to stop 
six to seven hours after rising[12], comparable time periods of 6 
am – 8 am and 5 pm – 7 pm were chosen to adhere, to a certain 
degree, the earlier statement by[2]. For quality assurance purpos-
es, any subject not measured within this time range was ruled 
out. Generally, taller subjects recorded greater variations in stat-
ure than shorter subjects. This find is in conformity with the out-
comes from previous studies and in general agreement with the 
statement given by Krishan and Vij[1]. 
	 Table 1 also showed a clear difference in the height loss 
among the sexes. Males recorded greater losses than females. 
The comparatively small diurnal variation in stature among the 
female subjects could not be properly explained by Krishan and 
Vij[1], however they gave a probable reason in relation to genet-
ics and with an example stated that, females were more can-
alized than their male counterparts. In relation to the weights 
of the subjects, males are generally heavier set since they have 
more body muscles than fat compared to the females. Thus, 
males will show will show greater variations in height due to 
the body’s compressive force under the influence of gravity. The 
T-test Analysis indicates that, sex played no significant role in 
height loss (p-value 0.720). Majority of the subjects (49.9%) re-
corded height losses between 1.0 cm and 1.9 cm. 
	 Repeat measurements on individual adults were to be 
made not only with the same instrument, but also by the same 
observer and assistant to ensure accuracy and consistency in the 
height measurements. Voss et al opined that, the ideal adult to 
measure would be rigid, but a living subject is of no fixed height. 
He further explained that, independent of diurnal variation, the 
posture can vary from one moment to the next, and the aim of 
measurement can only be to estimate an adult’s mean height by 
making several separate observations.
	 The loss in height and gain in weight as indicated the 
Table by the subjects from morning to evening resulted in a mean 
evening BMI of 28.49 kg/m2 and mean morning BMI of 27.39 
kg/m2. Their mean gain in BMI from the morning to evening was 
1.10 kg/m2 and ranged from 0.56 kg/m2 to 1.95 kg/m2. These val-
ues clearly show how significant diurnal height losses affect the 
reliability of height data and this should give rise for concern, 
whether in the communities, clinics, and research departments. 
In the year 1997 and 2007[1,12], respectively made general state-
ments that complied strongly with the latter statement. 
	 A rather intriguing find was the association between 
BMI and height loss which according to[13] was positively cor-
related and significant. The graph of BMI against height loss 
indicated an inverse relationship, where increase in BMI gave a 
corresponding lower decrease in stature. In logical terms on the 
other hand, the weight of the body which acts as a compressive 
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load on the spine due to gravity should lead to a corresponding 
increase in height loss with increasing BMI. The findings of this 
study however showed no significant relationship between these 
two. A possible explanation to this may be as a result of the ac-
tivities one performs during the course of the day. This acts as a 
confounder, since other studies that have proven the existence of 
this positive relationship were performed based solely on BMI 
and height loss under controlled laboratory conditions.
	 The age distribution showed that the age group of 30 – 
50 had the highest proportion of respondents (15.6%). The least 
proportion was found in the 66 – 70 years age group (3.3%). 
There were more males (57.8%) than females (42.2%) in the 
study with the highest male proportion being in the 30 – 40 years 
age group whilst the highest female proportion was found to be 
amongst the 41 – 45 years age group. The maximum height loss 
was found to be more prominent amongst subjects of the 41 – 50 
years age group. 
	 The negative slope in Fig indicates an inverse cor-
relation between age and height loss. Thus, as age increases 
the height loss of individuals decreases. In an attempt to find 
whether age did in fact influence height loss, Reilly and Freeman 
(2006) in their findings showed that, irrespective of age one los-
es height based on the compressive loading on the spine. In rela-
tion to this statement, the heavier free fat mass found in younger 
individuals could be the factor or compressive load that makes 
them gain greater height losses than their older counterparts. 
	 The study revealed that, majority (60.0%) of the re-
spondents performed occupations that were classified under 
light work such as secretary, bank manager, cashier, etc. whiles 
the least proportion of respondents(12.2%) performed heavy 
duty work such as digging, masonry, weight lifting, truck push-
ing, etc. It was further observed from the study that the work 
activities involved conditions such as sitting, walking, standing, 
running or a combination of any two. The results demonstrat-
ed significant occupational activity - related decreases in height 
(p-value < 0.001). This clearly implies that, the activity one per-
forms during the day plays a vital role in diurnal height varia-
tions showed similar results and opined that the main cause of 
height loss was due to the type, condition and level of activity 
of any occupation one performs during the course of the day[7,9].  
The degree of shrinkage was related to the magnitude of com-
pressive load or force on the spine[3]. A typical example by[8] 
Adams et al. explained the time scale and magnitude of diurnal 
changes, revealing that heavy labour will have a greater effect in 
less time than sedentary activities. 
	 Thirty percent (30%) of the respondents performed 
planned physical exercises during the day. The type of physical 
exercise reduced in intensity from anaerobic, aerobic to flexi-
bility exercises. No significant relationship was observed upon 
analysis of the association between type of physical exercise and 
height loss. A high proportion of height is lost within the first 
2- 3 hours of the day after rising from bed[2]. This loss occurs 
spontaneously due to the effect of gravity on an individual. After 
further probing of subjects it was made clear that the planned 
physical exercises were usually performed during this time peri-
od (2- 3 hours after rising), and may have offset to some extent 
the effect of the exercises on height loss. 
	 Most respondents (51.1%) consumed between 2000 – 
2999 kcal during the course of the day whilst only 4.4% of the 
respondents consumed 4000 – 4999 kcal. A cross tabulation be-

tween height loss and total caloric intake revealed that those who 
consumed between 2000 – 2999 kcal recorded the most height 
loss (Appendix 3). Fig showed an inverse relationship between 
caloric intake and height loss. An increase in food consumption 
therefore should have a corresponding decrease in height loss. 
This relationship was not significant (2-tailed 0.619). However, 
a very significant association exists between weight gain by the 
day’s end and total caloric intake for that day (< 0.001). It may 
be stipulated that, though eating leads to slight weight gain at the 
end of the day, it does not necessarily contribute to height loss in 
any way.
	 Equal percentages of respondents (30%) were observed 
to have reported of recent back pain and knee joint pain. These 
percentages were not however from the same individuals. There 
was no significant association between height loss and back pain 
but a very significant association between height loss and knee 
joint pain was observed after an independent sample t-test it 
was found conclusive evidence that state otherwise. They linked 
spinal shrinkage to back pain and reported that the spine may 
be prone to injuries if the load or its frequency exceeds the tis-
sue threshold or tolerance[7]. This ideology may be linked to the 
occurrence of knee joint pain when high biomechanical force 
promotes thinning of the knee cartilages. A possible explanation 
may be due to when the biomedical force for supersedes the tol-
erance level of the knee tissues. 
	 In summary, the maximum height losses (2.6 – 2.7 
cm) were found to be most prominent for subjects within the 
41 – 50 years age group (57.2%), who were males (71.4%), with 
BMI in the normal and obese ranges (85.8%), who performed 
heavy work (85.7%) and who consumed 2000 – 2999 kcal per 
day (57.1%). Significant associations existed between level and 
conditions of activity or occupation (< 0.001).

Conclusion

	 It has been concluded that, intra-individual variation in 
stature can substantially affect the reliability of height data. The 
average loss in height of Ghanaian subjects was 1.61 cm. The 
maximum permissible shrinkage was 2.7 cm whiles the least 
was 0.7 cm. The occupational activities performed by the re-
spondents, acts as the major cause of diurnal variation in height, 
though this occurs in varying degrees due to differences in pos-
ture and conditions of the activities. Age, sex, BMI and total 
caloric intake influence height loss. The occurrence of knee joint 
pain showed a statistically significant association with height 
loss. This investigation alarms scientists in fields of study per-
taining to measurement of height, of the accountability and sig-
nificance of diurnal variations in height.
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