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Abstract 

Surface anthropometric (SA) measures are commonly used to assess body 

composition (BC) in trained individuals. Standardised pre-test guidelines (morning, 

fasted) present logistical concerns. The impact of daily activities on skinfold (SKF) 

assessment has been established in males, however there is a lack of research 

examining females. The aim of this study was to assess the within-day agreement 

between standardised and non-standardised SA measures in trained females. 

Measures including body mass (BM), 8 SKFs and 6 circumferences were collected 

by an International Society for the Advancement of Kinanthropometry (ISAK) level 1 

anthropometrist on 40 trained females (20 naturally menstruating and 20 using a 

contraceptive) under standardised conditions (morning, fasted, rested and 

hydrated) and non-standardised conditions (9-10 hours later after free-living) on the 

same day. Menstrual or contraceptive pill phase was not controlled for. The intra-

class correlation coefficient (ICC) and typical error (TE) were calculated to assess 

reliability. Overall group means were compared to assess if significant change 

occurred. Sum of 8 SKF sites (∑8 SKF) displayed excellent reliability, and no 

significant difference was noted between conditions. Greater levels of 

disagreement were represented by those with ∑8 SKF > 136mm. Significant 

differences in group means were recorded for BM and waist circumference. All 

other 5 circumference sites remained unchanged throughout the day. Findings 

suggest, if accuracy is required, BM and waist circumference should be collected 

in a standardised state. SKFs and all 5 other circumferences can be collected in 

trained females at any time of day without considering pre-test standard guidelines.  
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Introduction 

Body composition is acknowledged as a key health and performance parameter for 

those participating in sport. (1) A recent review found that increased body fat (BF) 

was negatively associated with race times, average running speed and training 

volume, while lean mass gains were mainly attributed to positively influencing 

endurance-based metrics. (1) Therefore, quantifying fat mass (FM) and fat-free mass 

(FFM) has become a fundamental measure within many sports. Over the last 

decade, the most commonly used method to assess the BC of trained individuals 

is SKF assessment under The ISAK accreditation. (1,2) Skinfolds fall under the 

procedure of surface anthropometry, also including measures of BM, stature, 

lengths, breadths and circumferences. (3) These field-based measures, specifically 

SKFs, are favourably used due to their low-cost, practical ease of use, compact 

user-friendly equipment and non-invasive nature. (4, 5) 

Surface anthropometric measures are indirect in nature, acting as a surrogate 

measure to assess BC. Skinfolds follow the two-compartmental (2C) model. This 

model assesses the body as two distinct parts: FM and FFM. (6, 7) Particularly with 

SKFs, the assumption is that the standardised measuring sites have a linear 

relationship with total body subcutaneous fat, and that the subcutaneous fat is 

directly related to total BF. (3) There are a number of technical limitations associated 

with SA measures, specifically SKFs and circumferences. These include 

anthropometrist experience, anatomical landmarking and equipment used. 

Previous research highlighted that a 1 cm variance from the standardised ISAK SKF 

sites significantly impacts outcome measures, emphasising the significance of site 

location, tester training and protocol adherence. (8) Additionally, anthropometrist 

accuracy when performing and repeating measures can be accounted for through 

technical error of measurement (TEM), establishing an error margin associated with 

each measure. To that end, the ISAK training and standardised procedures are 

recommended to mitigate error.  

While technical error can be easily accounted for, biological variation due to daily 

activities (food ingestion, fluid intake and physical activity) can be more difficult to 

account for. A common recommendation for standardising BC assessment is 



 

ensuring that the individual being measured presents in an overnight fasted, well-

rested and euhydrated state. (2) Despite the recommendation for standardised 

procedures, research suggests that non-standardised procedures appear to 

provide similar results as standardised, specifically for the SKF method. (9) 

Literature demonstrates that hydration status does not significantly impact 

measures of SKFs, primarily due to the indirect nature of the 2C model. (10) In 

addition to this, research by Kerr et al. (9) established that SKF assessment remained 

reliable from standardised to non-standardised procedures in active males. 

Skinfolds were found to be the most robust method across varying hydration levels, 

meal ingestion, activity levels and free-living when compared to fat estimates from 

other methods including air displacement plethysmography and dual-energy x-ray 

absorptiometry (DXA). (9) This study remains the only study to investigate the impact 

of daily activities on the reliability of SKF assessment. There is a paucity of available 

information on the possible impact of non-standardised procedures on SA 

assessment, inclusive of body circumferences, in the female population. Due to 

the known physiological differences between the sexes, it is not necessarily 

appropriate to apply the present data on males to females. (11) 

Collecting BC data on the athletic population in line with the recommended 

guidelines presents logistical concerns for practitioners. Due to training and 

nutritional demands of sporting activities, there is a short period in the early 

morning where this population are fasted and rested, making it difficult to assess 

BC measures, particularly for those following strict regime. A recent survey found 

that only 32% of practitioners working with athletes worldwide adhere to pre-test 

standard guidelines for BC assessment. (1) Despite this, it currently remains unclear 

if standardised versus non-standardised procedures reap differing results for SA 

assessment in trained females. Provided that technical error is appropriately 

accounted for, establishing the within-day agreement of SKFs and circumferences 

could allow for the measures to be collected outside of standard practice. This 

could allow for the measures to be reliably conducted at any time of the day, 

without the need for individuals to attend in a standardised state. Therefore, the aim 

of this study was to assess the within-day absolute and relative agreement between 



 

standardised and non-standardised measures of BM, SKFs and circumferences in 

a group of trained females. 

Methods 

Design 

Surface anthropometric measurements were taken on two separate occasions on 

the same day under a 1.) Standardised Condition – morning (7am-9am), overnight 

fasted, no exercise for 12 hours, euhydrated, with bladder and bowel void and 2.) 

Non-standardised Condition – 9-10 hours later in the evening, ad libitum food, fluid 

and physical activity. Participants were instructed to live as normal between 

measurements. Each testing session was conducted using identical testing 

methods, measuring urine osmolality for hydration, BM, stature, SKFs and 

circumferences. Measurements were performed by the same ISAK Level 1 

anthropometrist with two years of experience. All assessments were performed 

with strict adherence to ISAK protocols to minimise intra-rater variability. This study 

was conducted according to the guidelines laid down in the Declaration of Helsinki 

and ethical approval was granted by the South East Technological University’s 

(SETU) ethics committee (Ref: 312). Prior to participation, written informed consent 

and medical screening forms were obtained for all participants. 

Participants 

Forty females (aged 21.6 ± 3.5 years) participated in this study. Volunteers were 

recruited via the university’s health science courses and sport societies and local 

sports clubs. All participants were categorised as trained/developmental (Tier 2) as 

per the McKay et al. (2022) (12) framework and were actively training ≥ 3 days per 

week and competing in their respective sport. Participants were healthy and not 

pregnant. Descriptive data for all participants (N = 40) are presented in Table 1. The 

sports represented were athletics (n = 5), camogie (n = 8), Gaelic football (n = 8), 

soccer (n = 9), basketball (n = 3), powerlifting (n = 3), Irish Dancing (n = 2), rugby (n 

= 1) and karate (n = 1). A total of 20 participants were naturally menstruating and 20 

were using a contraceptive (oral contraceptive pill: n = 16, intrauterine device: n = 



 

2, implant: n = 2). Phases of the cycles (natural and oral contraceptive pill cycles) 

were recorded; however, they were not controlled for.  

Standardised Procedure Protocol 

Participants were required to attend the standardised measurement in a controlled 

and standardised state. They attended the session in the early morning between 

7am and 9am, post wake, and were instructed to fast overnight (8-12 hours), 

abstain from high intensity training for 12-hours prior and attend in a euhydrated 

state (Figure 1). (2)  To ensure adequate hydration post sleep, it was recommended 

to participants to void bladder, as normal, upon wake and then sip 500ml of water 

up to 1-hour prior to testing. Participants were instructed not to overdrink 

immediately prior to the assessment. 

Figure 1.  Schematic of measurement sessions from standardised to non-standardised 

conditions. 

            Key:  

- Standardised measurement – fasted, rested, hydrated.  

- Non-standardised measurement – post ad libitum (freeliving)  
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Non-standardised Procedure Protocol 

Participants were required to attend the non-standardised measurement later the 

same day in a non-standardised state (Figure 1). They were instructed to return to 

the laboratory approximately 9-10 hours later, in the evening (mean time between 

sessions: 9.5 hours). For the time between the two measurement sessions, they 

were instructed to live ad libitum (continue their day with free-living). 

Surface Anthropometry  

Body mass was collected with no footwear and minimal clothing using a digital 

scale (Seca GmbH 784, Germany). Body mass was recorded to the nearest 0.01 kg. 

Stature was measured using a digital stadiometer (Height Measure, Seca GmbH 

213, Germany) and recorded to the nearest 0.01 cm. 

Skinfold measurements were collected following ISAK guidelines. (3) The eight SKF 

sites; triceps, subscapular, biceps, iliac crest, supraspinale, abdominal, thigh and 

medial calf were taken from the right-side of the body. Measurements were 

recorded to the nearest 0.2 mm using a calibrated Harpenden calliper (HaB Direct, 

Harpenden Calliper, UK). Two measurements were taken at each site to ensure 

intra-rater consistency, and the mean was used. If the second measurement was 

more than 5% from the first, a third measure was taken, and the median was used 

for analysis. The ∑8 SKF was calculated. 

Circumference measures were collected as per ISAK guidelines at 6 sites. (3) Sites 

included arm relaxed, arm flexed and tensed, waist, hips, mid-thigh and calf. 

Measurements were recorded to the nearest 0.1 cm using an anthropometric tape 

measure (Lufkin W606PD Executive Diameter Pocket Tape Measure, UK). Two 

measurements were taken at each site, and the mean was used. If the second 

measurement was more than 1% from the first, a third measure was taken, and the 

median was used for analysis. 



 

Mean % intra-tester TEM was calculated for the anthropometrist for all measures 

(standardised measure 1 and standardised measure 2) as described by Perini et al. 
(13) Mean TEM for ∑8 SKF was 1.6% and 1% for all other measures.  

Statistical Analyses 

Group means and standard deviations (SD) were calculated for all measures across 

standardised and non-standardised procedures. These data were compared and 

changes in the mean were calculated (mean non-standardised procedure minus 

mean standardised procedure). Typical error was calculated between the 

standardised measure and non-standardised measure by: 𝑆𝐷
√2

, where SD was the 

pooled SD from both measures. Relative reliability was assessed by computing 

ICCs and 95% confidence intervals (CI) for all measures using Statistical Product 

and Service Solutions (SPSS) (version 28.0, SPSS Inc., Chicago, IL, USA), based on 

a two-way mixed effects model with absolute agreement as only one tester 

conducted the measurements. Single measures ICC were reported. Data were 

tested for normal distribution using the Shapiro-Wilk test. Where data were normal, 

a paired samples t-test was used to determine if differences existed between the 

means of all measures under standardised versus non-standardised procedures. 

Where data were not normal, a log transformation using the log10 function was 

applied to raw data and a paired samples t-test was subsequently used (all data is 

presented in the raw form). The criteria for significance was set using alpha level p 

≤ 0.05. Bland-Altman (14) plots were generated for ∑8 SKF as the primary outcome 

measure for SKFs and all circumference sites. 

Results 

Body mass and SKF measures across standardised and non-standardised 

conditions are represented as means ± SD in Table 2. Circumference measures are 

presented in Table 3. 

The change in the mean of BM from standardised to non-standardised (+0.27 kg) 

was smaller than the calculated error margins (TEM = 0.67 kg and TE = 0.41 kg) 

(Table 2). Relative reliability for BM was excellent (ICC = 1.00 [1.00-1.00]). A 



 

statistically significant change was recorded for BM from the standardised to non-

standardised measure (68.33 ± 11.84 kg vs 68.60 ± 11.82 kg respectively, p = 0.01). 

The change in overall group means for all individual SKF sites were smaller than the 

calculated TEM and TE (Table 2). Excellent reliability measures were recorded for 

each individual site. No significant change in group means were recorded for 

individual sites. 

The ∑8 SKF was lower for the non-standardised measure when compared to the 

standardised measure (122.75 mm vs. 124.16 mm, respectively). The change in the 

mean (-1.41 mm) was lower than both calculated error margins (TEM = 2.26 mm and 

TE = 4.13 mm).  Excellent reliability was noted for ∑8 SKF (ICC = 0.99 [0.98-1.00]). 

No significant difference was recorded between the overall group means for the ∑8 

SKF (p = 0.11). 

Mean change for 5 of 6 circumference measures (arm relaxed, arm flexed and 

tensed, hips, mid-thigh and calf) were smaller than the calculated TEM and TE for 

each measure (Table 3). Excellent reliability measures were demonstrated for arm 

relaxed, arm tensed, hips, mid-thigh and calf. No significant differences were 

reported between group means for circumference measures of arm relaxed, arm 

flexed and tensed, hips, mid-thigh and calf. The change in the mean from the 

standardised to non-standardised condition for waist circumference (+1.31 cm) 

was greater than the calculated error indices of TEM and TE (0.41 cm, 0.91 cm 

respectively). An excellent reliability statistic was recorded for waist circumference 

(ICC = 0.98) with slightly larger 95% CI limits (0.76–0.99). A significantly greater 

group mean was recorded for the non-standardised waist circumference measure 

when compared to the standardised measure (76.39 ± 8.34 vs. 75.08 ± 8.42 cm 

respectively, p ≤ 0.001). 

Bland-Altman plot (Figure 2) for the ∑8 SKF indicates good agreement between 

standardised and non-standardised measures. Bland-Altman plot includes 95% 

limits of agreement (LOA) and calculated TE for the measure. Excellent agreement, 

a mean difference (bias) within the calculated TE range and LOA, is demonstrated 



 

in participants with ∑8 SKF < 136 mm. Bland-Altman plots (Figure 3) demonstrate 

good agreement but varying levels of individual variability. 

Figure 2. 

Bland–Altman plot with typical error (TE) and 95 % limits of agreement (LOA) 

between standardised and non-standardised measures for the sum of eight 

skinfold (∑8 SKF) sites. 
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Figure 3.  

Bland-Altman plots with TE and 95% LOA between standardised and non-standardised 

measures for A. arm relaxed, B. arm flexed and tensed, C. waist, D. hips, E. thigh and F. 

calf circumference. 

 

  

 
  

Discussion 

This is the first study to examine the influence of daily activities on SA measures in 

trained females. The aim of the present study was to assess the agreement 

between standardised and non-standardised SA outcome measures, throughout 

the same day. The primary finding of this study suggests that group mean SKF 

outcome measures, both individual sites and ∑8 SKF had a high level of agreement 

between both conditions in individuals with lower levels of BF (∑8 SKF < 136mm). 

Majority of circumference measures (arm relaxed, arm tensed, hips, thigh and calf) 
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were also robust across both timepoints. However, findings portray that while SKFs 

and 5 of 6 circumference sites show consistent agreement, measures of BM and 

waist circumference show higher levels of variability throughout the day. 

Recent research, assessing the influence of biological error on SA measures in 

active males found ∑8 SKF to be reliable across standardised and non-standardised 

conditions. (9) The authors concluded that surface anthropometry, reported in its 

raw form (mm), produced the most reliable measures when taken throughout the 

day when compared to other 2C, 3C and 4C methods. Similar to Kerr et al. (9), this 

present study found that the change in the overall group mean of ∑8 SKF from the 

standardised to non-standardised measure was smaller than both calculated TEM 

and TE. This demonstrates that the change in ∑8 SKF was not meaningful when 

compared with measurement error associated with the anthropometrist or the 

specific test, suggesting a high level of agreement across varying presentation 

states. Provided all other standard protocols are adhered to (e.g., Trained 

anthropometrist, ISAK protocol adherence and calibrated equipment), this 

measure can be reliably taken later in the day. In addition to being the first study to 

investigate this topic on trained females, it is the first study of its kind to report the 

agreement between individual SKF sites. Similar to ∑8 SKF, the 8 individual SKF sites 

demonstrated excellent reliability and high levels of agreement between measures 

taken under varying conditions. 

The SKF method follows the 2C model of BC assessment which only estimates FM, 

thus may explain why outcome measures remain reliable across varying 

presentation states. Skinfolds are a measure of subcutaneous fat, which serves as 

a long-term energy reserve. Subcutaneous fat accumulation represents a 

metabolic sink where triglycerides are stored, from the formation of excess fatty 

acids and glycerol, occurring in response to energy balance and metabolic 

demands. (15) The accumulation of these fat stores can be a lengthy process, 

resulting from a long-term mismatch of energy intake and output. Therefore, 

subcutaneous fat stores may not be directly impacted by acute caloric ingestion 

throughout the course of one day. With that, greater variability (‘noise’) in the data 

is identified in participants with ∑8 SKF > 136mm (Figure 2). In this context, 



 

individuals with greater levels of adiposity elicit greater variability between 

standardised and non-standardised measures. Despite measures being performed 

by an ISAK trained anthropometrist and in line with ISAK procedures, skin 

compressibility can be largely inconsistent within-individuals. (16) It is also not 

unusual to see large variances and error margins in SKF measures, specifically with 

those who have greater FM levels (5), due to inaccuracies identifying anatomical 

landmarks, difficulty pinching larger areas, compression of subcutaneous fat, 

anthropometrist experience and calliper limitations. These factors are recognised 

sources of error in SKF assessment, and likely explain the wider LOA observed in 

the Bland-Altman plot for ∑8 SKF. To that end, emphasis is placed on choosing the 

most appropriate BC assessment method for specific populations. With reference 

to this specific cohort, it is suggested that due to the discrepancies noted between 

measures for individuals with ∑8 SKF > 136mm, standard pre-test guidelines should 

be adhered to, or alternatively a better suited method should be used (specifically 

DXA). 

Five of six circumferences (arm relaxed, arm flexed and tensed, hips, thigh and calf) 

showed mean changes smaller than the calculated error measures, with no 

significant changes detected throughout the day. These findings suggest that daily 

activities may not acutely impact these circumference outcome measures. 

However, when assessing individual changes in circumference measures via 

Bland-Altman plots (Figure 3), considerable individual variability was evident. This 

likely reflects the inherent sensitivity of circumference measurements to factors 

such as posture and landmark placements. Practitioners should therefore be 

aware of the potential intra-individual variance when interpreting repeat 

circumference measures, even when changes are not significant. 

Waist circumference displayed good to excellent reliability (ICC = 0.98) but with 

wider 95% CI (0.76-0.99) than other measures. A significantly greater waist 

circumference was recorded for the non-standardised compared with the 

standardised measure (76.39 ± 8.34 cm versus 75.08 ± 8.42 cm respectively, p ≤ 

0.001). Daily changes in waist circumference can be attributed to the reduction of 

stomach muscle tone, known as gastric accommodation. This process reduces 



 

stomach muscle tone to allow for expansion and the temporary storage of food until 

gastric emptying occurs post digestion (17). Due to the influence of daily eating 

habits and fluid intake, it is suggested that, in order to obtain a true waist 

circumference value, the measures should be collected in a standardised state. 

Body mass displayed excellent relative reliability (ICC = 1.00, [1.00-1.00]) and the 

change in the group mean was less than the calculated error margins. However, BM 

was significantly higher for the non-standardised measure, later in the day, when 

compared to the standardised measure (68.60 ± 11.82 kg versus 68.33 ± 11.84 kg 

respectively, p = 0.01). The possibility of type I error must be considered. Given that 

the change in the mean was small, relative to measurement error, the statistical 

significance may not correspond to a meaningful or practical change within this 

cohort. Body mass can be directly influenced by environmental factors, including 

the ingestion of food, fluid intake and activity. A high carbohydrate diet elicits 

significant increases in muscle glycogen stores (18) and higher muscle glycogen 

levels have been associated with increased water retention within the muscle. (19) 

These changes in muscle glycogen stores and fluid retention can evoke acute 

changes in BM throughout the day. Kerr et al. (9) recorded a higher BM later in the day 

and concluded that due to biological error, BM should be collected in a 

standardised manner. The present study corroborates these findings, specifically if 

accuracy is required. However, practitioners must be aware that possible changes 

in BM from a standardised to non-standardised measure may not represent a 

meaningful change beyond the measurement noise. 

From a practical standpoint, best practice pre-test guidelines may not always be 

adhered to due to a multitude of factors, specifically when working with the athletic 

population. Collecting measures first thing in the morning, fasted and rested 

presents logistical issues for large squads, or individuals that adhere to strict 

training and nutritional schedules. These pre-test guidelines not only present a 

constraint on the individual being measured but also on the anthropometrist, as it 

limits the time of testing to morning only. To that end, the present findings suggest 

that measures of SKFs and circumferences (arm relaxed, arm flexed and tensed, 

hips, mid-thigh and calf) do not have to be limited to the early-morning 



 

standardised guidelines, specifically for more lean individuals. This insight into the 

consistency of SA measures across the day in individuals with lower BF levels gives 

confidence to trained practitioners collecting data outside of best practice pre-test 

conditions. This is particularly useful in an applied practice where individuals may 

only be available for assessment later in the day. For individuals with greater levels 

of adiposity, measures should be collected in a standardised state, or alternatively, 

a better suited BC measure should be chosen (e.g., DXA). Anecdotal evidence 

suggests a recent shift toward the use of corrected girths to calculate muscle girths 

of the arm, thigh and calf in athletes. These updated procedures in applied practice 

eliminate the use of waist and hip circumferences in the athletic population, thus 

limiting the concern associated with the influence of daily food and fluid ingestion 

on waist circumference throughout the day. 

Limitations of this study include the heterogeneity in BC outcome measures within 

the chosen cohort. It is acknowledged that participants in the present study 

represented various sport types, which may have influenced BC characteristics. 

However, between-sport comparisons were not conducted due to small subgroup 

sizes. Variability in BC measures were observed across the sample, namely Ʃ8 SKF, 

contributing to non-normal data distribution. Future research with larger sample 

sizes and/or sport- and position-specific samples may allow for normally 

distributed data. Despite this, these data are arguably more representative of the 

entire population of females who participate in competitive sport at a sub-elite level 

due to the spread of the data. An additional factor to consider is that reproductive 

phase was not controlled for within this study. Although beyond the scope of the 

study, it is acknowledged that female-specific sex hormones, namely estrogen and 

progesterone, may have an impact on BC outcome measures between-phases. (20) 

As all measurements were collected within a single day, participants were 

assessed within the same phase of their reproductive cycle. Consequently, the 

impact of hormonal fluctuations on BC measures was minimised within the acute 

testing period. However, further investigation into this topic is warranted, and there 

should be a specific focus on possible changes in BC measures between-phases 

and across consecutive menstrual cycles, with a longitudinal study design. 



 

This study also had several strengths. This study provides a basis for reliably 

collecting SA (excluding of waist circumference) data outside of pre-test standard 

conditions in individuals with ∑8 SKF < 136 mm, which is repeatedly being done 

within the field. This study also highlights how measures of BM and waist 

circumference may be influenced by daily food and fluid intake and activity, thus 

should be performed in a standardised state to ensure accuracy. These key findings 

highlight the translation of this research into a real-world, applied context. As the 

current sample characteristics may represent a limitation due to varying sport 

types, predominantly lower BF and sub-elite classification, future research should 

explore measurement reliability in elite-level athletes who are likely to have 

different food, fluid and training habits to the current cohort. Future research 

should also focus on exploring the reliability of SA measures across a broader range 

of athlete profiles, including those with greater BM and adiposity. Understanding 

error margins and cut-off points for the use of SA assessment, specifically SKF 

assessment, would provide valuable insights into the usefulness of the method in 

diverse sporting populations. The findings of this study are generalisable to settings 

where SKF assessments are performed by ISAK-accredited anthropometrists. 

While results may differ from those taken by practitioners that are trained through 

other accreditation organisations, it is strongly recommended that trained 

assessors conduct SKF measures to ensure reliability and validity. 

To the best of our knowledge this is the first study investigating the within-day 

agreement between standardised and non-standardised SA measures in trained 

females. Skinfold data presented in this study are in accordance with available data 

on active males presented by Kerr et al. (9) In conclusion, SKF and circumference 

measures, with the exception of waist circumference, were not significantly 

affected during the non-standardised condition following ad libitum food, fluid and 

activity, particularly in leaner individuals. Provided all other standard procedures 

are followed and the anthropometrist’s TEM is acceptable, these measures can 

reliably be taken at any time of day. This lessens the burden of the time restriction 

associated with early morning, fasted and rested standards on individuals, teams 

and practitioners. By addressing the influence of daily food, fluid and activity 



 

routines on SA assessment, this study contributes to both the growing body of BC 

literature and practices in an applied context. 
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Table 1.  Participant Characteristics.  

  

  

                  Mean ± SD 

     N = 40 

Age (years) 21.5 ± 3.5 

Training Age (years)    9.6 ± 5.5 

Stature (cm)                    168.5 ± 6.8 

Body Mass (kg)     68.3 ± 11.8 

BMI (kg/m2)   24.0 ± 3.4 

Data for body mass and stature are presented as measures taken during the 
standardised measure. Data are presented as mean ± standard deviation (SD).  



 

Table 2. Standardised and non-standardised raw data (mean ± SD), calculated error indices (TEM and TE), reliability statistics (ICC and 
95% CI) and t-test statistics for BM and SKF measures.  

* denotes the non-standardised measure was significantly different from the standardised measure (p < 0.05). For subscapular SKF 
measure, a Wilcoxon-Signed Rank test was used, denoted by † (spearman correlation used, degrees of freedom not reported).

                          

      Standardised 
Non-

Standardised ΔMean TEM TE ICC 95% CI p t df Correlation 
                            

 

  Body Mass (kg) 68.33 ± 11.84 68.60 ± 11.82 0.27 0.67 0.41 1.00 (1.00-1.00) 0.01 -2.88 38 1.00 
                            
  Skinfold (mm)                         
  Tricep       16.97 ± 4.75    17.13 ± 4.72    0.16 0.59 0.58 0.99 (0.97-0.99) 0.21  -1.28 39       0.98   
  Subscapular     13.24 ± 6.48    13.14 ± 6.51   -0.10 0.69 0.81 0.99 (0.97-0.99) 0.10  -1.63    0.99    
 Bicep 8.62 ± 3.80       8.49 ± 3.77  -0.13 0.47 0.45 0.99 (0.97-0.99) 0.28 1.08 39 0.99  
  Iliac Crest     18.03 ± 6.28 18.00 ± 6.57  -0.03 1.40 1.07 0.97 (0.95-0.99) 0.66 0.44 39 0.98  
  Supraspinale     11.59 ± 5.34 11.35 ± 5.09  -0.24 0.46 0.94 0.97 (0.94-0.98) 0.26 1.15 39 0.98 
  Abdominal     15.05 ± 5.45 14.54 ± 5.04  -0.51 0.71 1.08 0.95 (0.91-0.98) 0.07 1.88 39 0.97   
  Thigh        25.18 ± 8.23 24.53 ± 7.60  -0.65      1.50 1.56 0.96 (0.92-0.98) 0.06 1.91 39 0.97   
  Calf       15.48 ± 7.50 15.57 ± 6.98    0.09 0.81 0.92 0.98 (0.97-0.99) 0.12 -1.61 39 0.99   
  ∑8 SKF    124.16 ± 42.87 122.75 ± 41.49   -1.41 2.26 4.13 0.99 (0.98-1.00) 0.11 1.63 39 1.00   
                              

* 

† 



 

 

Table 3. Standardised and non-standardised raw data (mean ± SD), calculated error indices (TEM and TE), reliability statistics (ICC and 
95% CI) and t-test statistics for circumference measures.  

        Non-
Standardised 

                   
      Standardised ΔMean TEM TE ICC 95% CI p t df Correlation 
                              
  Circumference (cm)                         
  Arm Relaxed 29.62 ± 3.16 29.56 ± 3.19 -0.06 0.24 0.25 0.99 (0.99-1.00) 0.31    1.03 39 0.99   
 Arm Flexed and Tensed 29.16 ± 2.64 29.04 ± 2.55 -0.12 0.24 0.31 0.99 (0.97-0.99) 0.09     1.75 39 0.99  
  Waist   75.08 ± 8.42 76.39 ± 8.34   1.31 0.41 0.91 0.98 (0.81-0.99) <0.001 694.00    0.97    
  Hips       101.92 ± 7.14 101.86 ± 7.30  -0.06 0.33 0.87 0.99 (0.97-0.99) 0.77      0.30 39 0.99 
  Mid-Thigh   55.15 ± 4.75 55.08 ± 4.90  -0.07 0.28 0.71 0.98 (0.96-0.99) 0.64      0.48 39 0.98 
  Calf   36.94 ± 2.89 37.01 ± 2.92   0.07 0.15 0.25 0.99 (0.90-1.00) 0.23    -1.22 39 0.99 
                            

* denotes the non-standardised measure was significantly different from the standardised measure (p < 0.05). For waist circumference, 
a Wilcoxon-Signed Rank test was used, denoted by † (spearman correlation used, degrees of freedom not reported).

* † 

 



 

Figure 1.  Schematic of measurement sessions from standardised to non-

standardised conditions.  

 

            Legend: 

- Standardised measurement – fasted, rested, hydrated. 

- Non-standardised measurement – post ad libitum (free-

living) 

 

Figure 2. Bland-Altman plot with typical error (TE) and 95% limits of agreement 
(LOA) between standardised and non-standardised measures for sum of 8 skinfold 
(∑8 SKF) sites. 

 

 

 

 

Figure 3. Bland-Altman plots with TE and 95% LOA between standardised and 
non-standardised measures for A. arm relaxed, B. arm flexed and tensed, C. waist, 
D. hips, E. thigh and F. calf circumference.
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