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Abstract 

This study evaluates height loss during the day in light of variables assessable through 

participant self-report. Participants were 19 female and 15 male staff and students who met 

with us twice with a mean interval between measurement sessions of 6.96 hours (SD = 0.86). 

Hypotheses were evaluated using two-stage least squares regression analysis (SYSTAT 10). 

Males and females lost similar amounts of height between sessions 

(male, 	� = 	6.9	mm; female, � = 	7.4	mm). Among factors considered to impact overall 

height loss, sleep duration (Adj. R2 = 0.181, p = 0.022) and height (Adj. R2 = 0.121, p = 

0.048) were useful in univariate analyses, though they were not significant in any models that 

included variables other than sex. Judging from log-transformed BMI variation, heavier males 

and females lost more height (F(2, 31) = 4.59, Adj. R2 = 0.179, p = 0.018). Among factors 

anticipated to reduce height loss by acting prior to morning measurements, only time spent 

walking was significantly associated (β = 2.6 ± 0.8 mm, t = 3.16, p = 0.004) when included as 

a predictor along with sex (p = 0.17) and log-BMI (p = 0.003). This model explained about 

38% of height loss variance. None of the factors considered as potentially acting between 

measurement sessions showed statistically significant influences when included in the model 

just described, though predictor coefficients were in the anticipated direction. Results suggest 

that self-reported activities may be an important supplement to anthropometric studies, both 

for planning and later evaluation, particularly in large studies. 

 

Introduction 

This study evaluates height loss during the day in light of variables assessable through 

participant self-report. Researchers have been aware that humans vary in height over the 

course of a day since the 18th century, but the relationship between daily activities and daily 

variation in height is not clear cut (Jazwinska and Adam, 1985; Leivseth and Drerup, 1997). 

Changes in the dimensions and volume of intervertebral disks are argued to be primarily 

responsible for the majority of height loss throughout the day (Adams et al., 1987; Botsford et 

al., 1994; Kraemer et al., 1985). This is caused by loading on the spinal column, where 

increased pressure on intervertebral disks causes them to expel fluid, altering the 

biomechanics of the spine (Adams et al., 1987; De Puky, 1935; Reilly and Freeman, 2006). 

While diurnal variation in height is commonly reported, the extent varies significantly among 

individuals.  A variety of factors are noted. These include time spent sleeping , time since 

rising, body mass, standing, static and dynamic loading, sitting, walking, and running (Althoff 

et al., 1992; Dowzer et al., 1998; Healey et al., 2008; Helander and Quance, 1990; Jazwinska 
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and Adam, 1985; Leivseth and Drerup, 1997; Magnusson et al., 1990; Reilly and Freeman, 

2006; Reilly et al., 1984; Rodacki et al., 2005; Tyrrell et al., 1985; van Deursen et al., 2005; 

van Dieen� et al., 1994). Uncertainty remains, however, regarding the impact of the variables 

just noted, particularly since outcomes are routinely the result of two or more factors acting 

together.  

Anthropometric studies evaluate relationships between height and a wide variety of 

influences, both familial genetics and factors associated with developmental environments. 

Although researchers may schedule measurement sessions during the morning to minimize 

height loss, some studies may face challenges with scheduling. Even when scheduling is 

limited to morning sessions, a variable amount of height loss may occur that ideally should be 

considered in planning for data collection and interpreting outcomes.  

As a consequence, the goals of this study are to evaluate how well information reported by 

participants can help account for height loss during the day. This, in turn, may provide a fairly 

simple approach to allow researchers to better estimate the impacts of scheduling variation on 

height variation within particular contexts. We begin by considering factors likely to have an 

impact on height loss overall (sleep, height, age and body mass), then factors with influences 

occurring after getting up in the morning but before the first measurement session (time since 

rising to first measurements, time spent walking, weight of items carried to university) and 

finally, variables potentially contributing to height loss between measurement sessions (time 

between measurement sessions, and time spent walking, standing, and sitting during this 

period).  

We anticipate that heavier males and females experience greater declines because of 

greater accumulative effects of compressive forces during the day. Greater amounts of sleep 

might be anticipated to be inversely associated with height loss, too, because individuals who 

have slept longer will have recovered more height as they begin the day. This depends, 

however, upon the pattern of recovery through time while sleeping as well as loss after rising. 

Absolute height may also be related to proportion of height lost within individuals, the taller 

the individual the larger the absolute loss under similar circumstances. We further anticipate 

that both the interval between waking and first measurement, as well as time spent walking 

during this period, reduces the morning to afternoon height deficit by increasing the loss of 

height prior to the first measurement. Additionally, we anticipate that individuals with a 

greater percentage of the height in their torso will experience greater losses in height. Finally, 

we evaluate the extent to which walking, and sometime carrying book-bags after the morning 
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measurement but before the afternoon measurement session, increase height loss with 

consideration for variation in duration between measurement intervals. 

 

Participants and methods 

We used a convenience sampling strategy to recruit staff and students at the University of 

Auckland through posted advertisements. All 41 persons who expressed interest were sent a 

consent form and a participant information sheet detailing the research study. Of these, a total 

of 34 individuals participated in the study, 19 females and 15 males. Data collection spanned 

four weeks beginning on the 18th of August and ending on the 18th of September, 2014. All 

participants gave informed consent in accord with guidelines approved by the University of 

Auckland Human Participants Ethics Committee. 

Participants were introduced to the equipment and measurement procedures on arrival in 

the morning. They were then interviewed. They were asked about their age, how long they 

slept the previous night, and when they got up that morning. They were also asked to estimate 

as accurately as possible the amount of time spent sitting, walking and carrying prior to each 

measurement session. This interview was repeated in the afternoon.  Book bags or backpacks 

that were carried to university, or in the interval between measurements, were weighed using 

electronic scales. Each participant was measured on two occasions during the day, twice in 

the morning and again in the afternoon five to nine hours later. Participants were measured by 

one of two authors (LJ or CD) who had previously received a semester of training and 

practice in anthropometry following standard guidelines (Cameron, 1984). Height was 

measured with a Harpenden stadiometer to the nearest 1.0 mm. Participants were positioned 

on the stadiometer following the guidelines just noted and asked to stand for about one minute 

to allow for heel compression. Sitting height was similarly measured using a Harpenden 

sitting height table. Participants’ feet were positioned on the adjustable foot-bar so that legs 

maintained a 90 degree angle. Participants’ weights were measured in light clothing with 

shoes off using electronic scales to the nearest 0.1 kg. During each session the above 

measurements were taken twice in two separate series and averages of the two morning or 

afternoon measurements were used. The maximum individual difference in replicate 

measurements of height was 3 mm. The average of the absolute differences was 1.4 mm for 

height and 1.6 mm for sitting height with almost no differences by sex (p > 0.89). 

Estimates of technical error of measurement (TEM =�∑�� 2�⁄ ) and technical error of the 

measurement difference (TEMdf = �������
� +	����� 

� ) were also calculated using these replicate 

measurements. Both measurers showed levels well within the accepted range (TEMdf for 
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height ≤ 1.8 mm), although the duration between measurements was shorter than ideal for this 

assessment (Ulijaszek and Kerr, 1999). Difference in standing height was selected as the 

criterion variable for analyses as standing height was the most consistently measured of the 

variables of body length considered. 

Hypotheses were evaluated using two-stage least squares regression analysis that produced 

heteroskedastic consistent results. Distributional characteristics of variables used in these tests 

were assessed using probability plots. Both log-transformed weight and body mass index 

(BMI, kg/m2) were considered as measures of body mass. Each accounted for similar 

percentages of variance in diurnal height change. BMI was modestly more effective and is 

reported below because it was uncorrelated with height. All participants’ weights, BMI and 

walking times (morning and afternoon) were natural-log transformed to produce 

approximately normal distributions. Following transformation of relevant variables, 

relationships between height difference, as the criterion variable, and sequential consideration 

of various predictor variables were accomplished. We examined residuals from regression 

analyses for outliers and values with high leverage. Statistical significance was set at an alpha 

level of 0.05. All hypotheses tests were carried out in SYSTAT 10. 

 

Results 

 Table 1 shows the mean, median, minimum, and maximum values as well as the standard 

error (SE) and standard deviation (SD) for each anthropometric variable separately by sex. 

While absolute values in linear measurements differ among males and females, as expected, 

unadjusted mean differences between morning and afternoon measurements are similar. 

Average height loss was 6.9 mm and 7.4 mm among males and females, respectively.  Of the 

19 females, 18 of them showed reductions in height in the afternoon session. The same 

pattern is seen in males with 14 of 15 individuals showing declines in height. The maximum 

height lost by one individual was 21 mm, found in the tallest male. A height gain of 1.5 mm 

was found in one male and one female. Within individual height loss between morning and 

afternoon sessions averaged from 4.8 to 5.3 times greater than within individual absolute 

errors in measurement in males and females, respectively. 

 

INSERT Table 1 ABOUT HERE 

 

We evaluated the influence of factors likely to have an impact on height loss overall (sleep 

duration, height, age and body mass). Height loss was modestly, but statistically significantly, 



Page 6 of 13

Acc
ep

te
d 

M
an

us
cr

ip
t

6 

 

inversely associated with duration of sleep the night before (Adj. R2 = 0.181, p = 0.022). The 

relationship was very similar for males and females. This predictor was not, however, 

statistically significant in any preliminary models that included any predictor other than sex. 

In another univariate analysis, height was also significantly, but weakly, associated with the 

amount of height loss (Adj. R2 = 0.121, p = 0.048). Like sleep duration, though, height was 

statistically insignificantly associated with height loss when other predictors were included.  

Age was not statistically significant alone or with any combination of variables considered. 

A heteroskedastic consistent regression model that includes sex and log-BMI as predictors 

of diurnal height loss supports the expectation that heavier males and females loose more 

height during the day. Log-BMI is significantly associated with height loss (log-BMI: β =          

-15.9 ± 7.0 SE, p = 0.031), though sex is not a statistically significant predictor (p = 0.18). 

This simple model accounts for about 18% of the variance in height difference (F(2, 31) = 4.59, 

Adj. R2 = 0.179, p = 0.018).  

When we considered factors potentially acting after participants got up but before the first 

measurement session, time since rising was not significantly associated with reductions in the 

amount of height loss between measurement sessions, either as a single predictor or when 

included with other predictors. Weight of items carried during the morning was not 

significantly associated with height difference, either. Time spent walking before the first 

measurement was, however, very significantly associated with reductions in height (β = 2.6 ± 

0.8 SE, p = 0.004) when included as a predictor in a model that included sex and log-BMI 

(Table 2). This is consistent with the expectation that this activity significantly increased 

spinal compression before the first measurement. With walking time statistically controlled, 

the influence of log-BMI on height loss was marginally increased as compared to log-BMI 

alone (β = -16.6 ± 5.1 SE, p = 0.003). The model accounted for about 38% of height loss 

variance. Differences in mean height loss of males and females remained statistically 

insignificant (p = 0.169). 

 

INSERT Table 2 ABOUT HERE 

 

When relative sitting height, calculated as a ratio of morning sitting height divided by 

morning height, was introduced into the model just described, it was not statistically 

significant as a linear effect. There was, however, an unexpected curvilinear relationship 

found in both males and females. When a quadratic effect is included in the model, all of the 

predictors except sex are very statistically significant (Table 3). 
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INSERT Table 3 ABOUT HERE 

 

 

Finally, we evaluated the impact of factors acting during the interval between 

measurements. This included the time interval between measurements, log-transformed time 

walking in the afternoon, the weight of book-bags carried and time spent sitting after the 

morning measurement but before the afternoon measurement session. Although the 

coefficients for all of these variables were negative, consistent with them being associated 

with increased height loss, none were statistically significant in a model with sex, log-BMI 

and time spent walking before the first measurement.  

 

Discussion 

 Like in related studies, almost all participants experienced height loss between the two 

measurement sessions, although as anticipated amounts of accrued loss varied among 

individual staff and students. The most reliable predictors for this height loss were 

participants’ log-BMI and time spent walking before the first measurement, though increases 

in body mass tended to increase diurnal height loss and time spent walking before the first 

measurement reduced it. Both sleep duration and height were statistically significant as 

univariate predictors, but were not statistically significant in any preliminary models that 

included log-BMI or time spent walking.  

Curiously, participants’ estimates of time spent walking before the first measurement 

session were comparatively small, on average. The mean and standard deviation were 0.52 

and 0.43 hours, respectively, with a range from 0.08 to 1.90 hours.  In an univariate regression 

model, log-transformed walking time accounts for about 17% of height loss variance (adj. R2 

= 0.169, β = 2.45 ± 0.95 SE, p = 0.015). When this predictor is included with sex, and log-

BMI, about 38% of height loss variance is accounted for (Table 2). The weight of items 

carried prior to the first measurement did not, however, have any impact upon height loss 

among participants. We speculate that this might be because of the relative low weights of 

items carried in the present study (�̅ = 3.15,  SD= 2.56 kg). This speculation is consistent with 

results from a carefully controlled experimental study (Fowler et al., 2006). These researchers 

found that walking while carrying a postal bag caused participants to lose about twice as 

much height (12.1 mm) as when walking unloaded (5.8 mm). Their six young adult male 

participants walked 8.5 km on a treadmill either unloaded, or carrying a postal bag with an 
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initial average weight of about 15.5 kg (17.5% of their own mean weight of 88.3 kg) that was 

reduced gradually over multiple phases. They report that stature loss under these conditions 

approximated a negative exponential curve, but that initial pace of height loss was about three 

times greater when carrying the loaded postal bag.  

Our results also hint that height loss may be related to variation in relative sitting heights, 

though why the relationship was curvilinear with losses greater for both those males and 

females with low and high relative sitting heights cannot be explained (Table 3). It might be 

that this outcome is an artefact of the group considered here.   

While numbers of participants were fairly small (n = 34), results suggest variables 

potentially influencing diurnal height loss in a given setting should be routinely sought after. 

Importantly, this study suggests that even participants measured in the morning a few hours 

after rising have probably experienced some height loss. Estimates of height loss are 

particularly relevant in large studies if they are unable to effectively randomize the scheduling 

of participant measurements within a given day. This is because differences of several 

millimetres, if non-randomly distributed, violate the assumption of random error variance.  

Studies with many participants have substantial statistical power to recognise small mean 

differences. These may be misinterpreted as biologically meaningful if there are differences 

between groups in amounts of diurnal height loss that go unrecognised. Such problems may 

be of particular concern in large studies where data are collected from multiple sources that 

limit information about how data were collected in important respects. 

While the nature of the structured interview may require piloting in each setting depending 

upon differences in participant composition and circumstance, inclusion of several sorts of 

information is suggested from results reported here and in other studies. Estimates of waking 

times, and perhaps more importantly, estimates of time spent walking (or other physical 

activities that vary among participants) are recommended. Additional knowledge of sitting 

postures and surfaces beyond that gathered in the present study is also recommended. Both 

Helander and Quance (1990) and Leivseth and Drerup (1997) observed decreases in height 

when participants were sitting for extended periods of time in a working posture. Althoff et al. 

(1992), though, argue that sitting for brief periods can partially recover losses in height. Many 

of our participants did report considerable time sitting during the morning to afternoon 

interval (Table 1) but what postures they adopted, and how often they took breaks, were not 

successfully quantified. It is conceivable that time sitting is only meaningful if sitting postures 

and surfaces are better accounted for (e.g., sitting leaning back on a cushioned chair with arms 

partially supported by arm-rests vs. sitting upright without back support at a computer). 
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Imprecision in reported details from structured interviews in the present study is a general 

limitation that probably contributed to our inability to find statistically significant associations 

between activities carried out between measurement sessions and height loss. Having 

participants keep a log that is pre-organised into relevant categories that are easy to record 

may be a way of increasing precision of self-reports.  

Our inability to control for potential confounders is also a limitation as compared to 

experimental studies of height loss. As with many studies, it was impractical to require 

participants with other obligations to spend extended periods in a controlled environment. 

While a limitation in one sense, this approach does provide insights into how future research 

not specifically concerned with diurnal height loss may practically consider at least some of 

relevant factors without the use of an experimental setting.   
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Table 1. Descriptive statistics for variables of interest recorded during the study for 15 males and 19 females 

Variablea Sexb Mean Median Minimum Maximum SE SD 

Age (years) 
Male 36.0 33.0 19.0 63.0 3.7 14.4 

Female 25.0 22.0 18.0 67.0 2.6 11.5 

Weight 
(kg) 

Morning 
Male 82.4 79.5 58.0 142.6 5.8 22.6 

Female 62.5 60.1 50.1 77.4 1.9 8.3 

Afternoon 
Male 82.3 78.8 58.2 144.1 5.9 23.0 

Female 62.6 60.5 50.5 77.5 1.9 8.2 

Height 
(mm) 

Morning 
Male 1779.6 1769.0 1628.0 1947.5 23.3 90.1 

Female 1646.1 1637.5 1533.5 1747.0 14.5 63.1 

Afternoon 
Male 1772.6 1765.5 1624.0 1926.5 22.4 86.9 

Female 1638.8 1626.0 1528.0 1738.0 14.4 62.8 

Sitting 
Height 
(mm) 

Morning 
Male 945.6 944.5 880.0 1009.0 11.1 42.9 

Female 880.7 879.5 803.5 946.0 8.1 35.2 

Afternoon 
Male 940.5 943.0 872.5 1011.5 11.1 42.8 

Female 873.0 870.0 801.5 932.0 7.4 32.5 

RSHc 
(%) 

Morning 
Male 53.2 53.2 51.0 55.4 0.3 1.2 

Female 53.5 53.5 51.9 55.7 0.2 1.0 

BMI 
(kg/m2) 

Morning 
Male 25.8 23.4 18.7 37.6 1.4 5.4 

Female 23.0 22.5 19.3 27.7 0.5 2.1 

Height difference 
(mm) 

Male -6.9 -6.5 1.5 -21.0 1.4 5.3 

Female -7.4 -7.5 1.5 -15.0 1.0 4.4 

Sitting Height 
difference (mm) 

Male -5.1 -7.0 5.0 -14.0 1.4 5.4 

Female -7.7 -8.0 11.0 -16.5 1.4 6.2 

Sleep (hours)d 7.3 7.0 5.0 10.3 0.2 1.0 

Walking, Morning (hr) 0.5 0.4 0.1 1.9 0.1 0.4 

Carrying, Morning (kg) 3.2 3.6 0.0 10.8 0.4 2.6 

Time Elapsed, Morninge 2.0 2.0 0.5 3.8 0.1 0.8 

Walking, Afternoon (hr) 0.8 0.5 0.2 3.1 0.1 0.7 

Carrying, Afternoon (kg) 2.1 0.4 0.0 9.2 0.4 2.6 

Total Sitting, Afternoon (hr)  5.3 5.1 2.2 8.2 0.2 1.4 

Time Elapsed, Afternoon (hr)f 7.0 7.0 5.0 9.00 0.2 0.9 

a All heights, lengths, and differences are reported in mm; all activity variables are in decimal hours. 
b Anthropometric descriptive statistics were reported separately for males and females; statistics associated 
with activity variables are not distinguished by sex because of substantial similarities. SE – standard error; 
SD – standard deviation. 
c RSH is relative sitting height computed using the morning measurements of sitting height divided by 
morning measurements of height (expressed here as a percentage) 
d Time (hours) spent sleeping, or lying in bed, prior to getting up on the day measurements were taken. 
e Time (hours) between getting out of bed to the time of the morning measurement. 
f Time (hours) between the morning measurement and the afternoon measurement for each participant. 

 
 
 
 
 
 
 
 



Page 12 of 13

Acc
ep

te
d 

M
an

us
cr

ip
t

12 

 

 
 
 
 
 
 
 
Table 2. Heteroskedastic-consistent results of regression analysis accounting for height 
difference (mm) using log-transformed body mass index (kg/m2), log-transformed time 
spent walking in the morning and sex (F(3,30)= 7.85, P = 0.0005) 

    

Criterion Variable: Height Difference N: 34 Multiple R2: 0.44    Adj. R2: 0.38 

     

Effect Coefficient Std. Error t p 

Constant 48.1 16.0 3.01 0.001  

Sexa -1.0 0.7 -1.41 0.169  

Log-BMI, Morning -16.6 5.1 -3.27 0.003  

Log-Walking, Morning  2.6 0.8 3.16 0.004  
a Effects coding with female as reference   
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Table 3. Heteroskedastic-consistent results of regression analysis accounting for height 
difference (mm) using log-transformed body mass index (kg/m2), log-transformed time 
walking in the morning, relative sitting height and sex ( F(5, 28)= 8.07, p < 0.0005) 

    

Criterion Variable: Height Difference N: 34 Multiple R2: 0.59    Adj. R2: 0.52 

     

Effect Coefficient Std. Error t p 

Constant -3851.5 1006.0 -3.83 0.001  

Sexa -1.3    0.7 -2.01 0.054  

Log-BMI, Morning -16.9   4.1 -4.12 <0.0005  

Log-Walking, Morning  1.8   0.7 2.44 0.021  

Relative Sitting Height, Morning 14585.2 3748.4 3.89 0.001  

Relative Sitting Height2, Morning -13631.1 3486.6 -3.91 0.001  
a Effects coding with female as reference   

 

 
 
 


