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Comparing Objective and Subjective  
Measures of Sleep Loss with Balance 

Performance in Farmers 
D. Sedlacek,  M. Beacom,  S. Bista,  

R. Rautiainen,  K.-C. Siu 

HIGHLIGHTS 
 The farming population is at risk of injury due to sleep deprivation. 
 Loss of sleep during previous night affects balance performance in farmers. 
 Objective measures of sleep are more reliable than subjective measures for predicting 

balance performance. 

ABSTRACT. This study aimed to investigate the ability of both subjective and objective 
sleep measures to predict balance difficulty in agricultural workers. Seven male farmers 
from rural Nebraska were analyzed for static balance performance following a bout of 
sleep. Actiwatches were used to measure objective sleep hours and subjective question-
naires, including the Epworth Sleepiness Scale and the Pittsburgh Sleep Quality Index, 
were used to measure subjective hours of sleep and sleep quality. The participants were 
observed for 12 sessions, with six in planting season and six in harvest season. Static bal-
ance testing consisted of measuring the area, total displacement, and maximum range in 
the anteroposterior and mediolateral directions of the individual’s center of pressure with 
Tekscan pressure mats. Overall, it was found that objective measures had a higher corre-
lation with the magnitude of balance deviations than subjective measures. 

Keywords. Actiwatch, Agricultural worker, Injury, Sleep deprivation. 

gricultural workers have been shown to have higher death and disability rates due 
to injury compared to other physically demanding professions (Reece, 2018). In 
2018, the Bureau of Labor Statistics (BLS) reported 574 fatal injuries per 100,000 

agricultural workers. In 2020. BLS statistics showed that the agricultural industry had the 
highest rates of deaths from preventable injuries per hours worked (Smith and Pegula, 
2020). A study in 2010 of farmers in Saskatchewan revealed that average weekly work 
hours for farm owners were 70 in spring, 60 in summer, 70 in fall, and 28 in winter (Mar-
lenga et al., 2010). Long hours in certain seasons make it difficult to obtain adequate sleep, 
which could contribute to the high rates of injury. 
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Sleep schedules that align with the circadian rhythm are very important for quality rest, 
especially for those working long hours (Valdez, 2019). Cognitive performance deficits are 
associated with poor alignment to the circadian rhythm (Valdez, 2019). Clinical decision-
making during bouts of sleep deprivation is an issue for many medical professionals (Kra-
mer, 2010; Couyoumdjian et al., 2010; Scott et al., 2014; Ganesan et al., 2019). Nurses and 
doctors have been shown to have significantly slower psychomotor reaction times after 
working an 8 h night shift (Ganesan et al., 2019; Di Muzio et al., 2019). They have also 
been shown to make significantly more errors at the end of an 8 h night shift (Ganesan et 
al., 2019). Sleep deprivation also impedes the performance of other types of work, such as 
machine operation (Dinges, 1995; Orzel-Gryglewska, 2010) and vehicle driving (Peters et 
al., 1999). Extended work hours reduced productivity due to inadequate sleep, fatigue, and 
irregular shift scheduling for operators of forest harvesting machinery (Nicholis, 2003). 
Increasing events of near-miss injury were found in forest industry workers with long work 
hours, reduced sleep, and compromised recovery time (Lilley et al., 2002). 

In a study of 20 military cadets who were deprived of sleep for 60 h, the submaximal 
cardiovascular performance was impaired after sleep loss, and detriments were seen in bal-
ance testing after 24 h of sleep deprivation. Specifically, increases in medial-to-lateral and 
anterior-to-posterior displacement were seen for both the eyes-open and eyes-closed con-
ditions with a tandem stance (Vaara et al., 2018). Physical performance is vital to the de-
mands of agricultural work. Poor physical health (e.g., impaired balance or reduced pos-
tural stability) increases the likelihood of occupational injuries in both young and old work-
ers (Frone, 1998; Zwerling et al., 1996). Detriments in this area may contribute to the high 
injury rates associated with the agricultural population (Smith and Pegula, 2020). 

The prevalence of chronic diseases and musculoskeletal injuries is high among farmers, 
affecting their quality of life (Rostamabadi et al., 2019). Heart disease, vision problems, 
depression, arthritis, and sleep deprivation result in high sleep medication use, which is 
associated with an increased injury risk and poor quality of life (Voaklander et al., 2009). 
The daily worry about cash flow has also been shown to influence the lack of sleep in peak 
seasons (LaBrash et al., 2008). Further, several studies have indicated a connection be-
tween sleep-related problems and injury for part-time farmers (Spengler et al., 2004), for 
older farmers (Heaton et al., 2010), and for farmers in China (Zhu et al., 2014). Therefore, 
sleep likely plays an important role in the risk of injury in farming populations. 

Traditionally, subjective sleep questionnaires have been used to determine sleep quality 
(Di Muzio et al., 2019; Kaplan et al., 2017). However, these subjective measures do not 
correlate well with objective measures, such as polysomnographic recording or the use of 
an Actiwatch (Ganesan et al., 2019; Kaplan et al., 2017), and subjective beliefs about the 
quality of sleep do not indicate if the sleep was of physiological quality (Kaplan et al., 
2017). In this study, we hypothesized that objective measures of sleep quality will be more 
strongly correlated to poor balance performance than subjective measures. 

Materials and Methods 
Farmers were recruited in east-central Nebraska and west-central Iowa by flyers, phone 

calls, or referral from previous participants (Siu et al., 2015). The inclusion criteria were: 
(1) the farm is located in Dodge, Saunders, Washington, Douglas, Sarpy, Harrison, Shelby, 
Pottawattamie, Cass, Mills, or Montgomery county; (2) the farm is a family operation; (3) 
farming is the farm operator’s main occupation (more than half of total work time) and the 
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farmer must own, live, or work on a farm in one of the above Nebraska and Iowa counties; 
(4) the farm operator plans to farm for at least the duration of the study; (5) the farm oper-
ator is able to follow instructions, track working hours, wear test equipment, conduct bal-
ance tests, and conduct computerized vigilance tests; and (6) the farm operator has normal 
or corrected vision and hearing. 

The exclusion criteria were: (1) a diagnosis of a severe mental health problem (e.g., 
depression or anxiety) that impacts sleep; (2) a pathology that directly affects the muscu-
loskeletal system, such as an artificial joint, neurodegenerative disease, neurological com-
promise, cognitive decline, or peripheral neuropathy; (3) an amputation; (4) an uncorrected 
vision problem; (5) significant cardiopulmonary disease that affects balance; and (6) major 
surgery in the last six months. Subjects who met all the criteria were informed about the 
research protocol, and they signed a consent form before starting the study. 

This study consisted of 12 sessions of testing, six during planting season and six during 
harvest season. Each set of six sessions consisted of the same protocol. For the first session, 
we scheduled to meet with the subjects at their home or workplace. The subjects first com-
pleted a questionnaire to report their demographics, farm conditions, caffeine intake, hours 
of sleep, hours of work, and balance performance. We then measured the subjects’ balance 
performance using a portable pressure mat system (Tekscan Inc., South Boston, Mass.) that 
monitors the change in the center of pressure (CoP) of the foot. The subjects performed 
two balance tests three times for 10 s each: (1) standing on both feet with eyes open and 
closed, and (2) standing on one foot with eyes open and closed. Several balance biomarkers 
were calculated, including the area, total displacement, and maximum range in the antero-
posterior and mediolateral directions of the CoP. After the balance tests, the subjects com-
pleted two questionnaires, including the Pittsburgh Sleep Quality Index, (PSQI) (Buysse 
et al., 1989) and the Epworth Sleepiness Scale (ESS) (Johns, 1991), to self-report their 
sleepiness level and sleep quality. At the end of the first session, the subjects received an 
Actiwatch (Philips Healthcare, Andover, Mass.) to monitor their daily activity. The sub-
jects were instructed to wear the device all day long (except when showering) for seven 
days and complete a daily log of their activities. 

One week later, during the second session, we met with the subjects at the same loca-
tions as the first session. The subjects first returned the Actiwatch for analysis of their daily 
activity during the previous seven days. They then completed the same questionnaires as 
in the first session, with an additional report of any complications with the Actiwatch. The 
same protocol used for the first two sessions was repeated for the remaining sessions 
throughout the year of the study, but the farm and demographic information were removed 
from the questionnaires for the remaining sessions. Acute sleep loss was computed as net 
sleep, which equals the hours of sleep the night before testing minus the average hours of 
sleep during the previous seven days. The average total sleep time was computed as the 
average sleep time over seven days. 

The sleep loss data were compared against the balance data. The data were analyzed 
using Pearson correlations in SPSS (IBM, Armonk, N.Y.) to examine the associations be-
tween sleep measures and balance biomarkers. The level of significance was set at 0.05. 

Results 
In this study, we initially had eight subjects, but one subject was excluded due to a health 

issue. Thus, a total of seven farmers were included (table 1). All were men with a mean 
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age of 58 years (range from 42 to 70). Only five of the seven subjects were included in the 
statistical analysis (table 1). Two subjects were excluded due to either lack of data from 
losing contact or inability to participate. Table 2 shows how the objective and subjective 
sleep measures were correlated with balance performance. 

Overall, the objective sleep measurements using the Actiwatch generated more statisti-
cally significant correlations with balance performance than the subjective sleep measures, 
most notably in the total area and total distance displaced with eyes open. Only one corre-
lation was found to be significant with eyes closed, both legs on the mat, and the total area 
of displacement. Overall, the net sleep measurements using objective data showed more 
association with balance deviation. The average total sleep time (TST) was not well corre-
lated with balance deficits, as shown by only two statistically significant findings. The 
subjective measures showed more correlation with increased velocity in an individual’s 
changing CoP, specifically with the ESS. 

Discussion 
The results of this study support the hypothesis that objective sleep measures, such as 

the Actiwatch, correlate much better with balance performance than subjective sleep 
measures, such as the PSQI. Actiwatches have been used in previous research to achieve 
objective sleep measurements (Di Muzio et al., 2019; Harrison et al., 2019; Slightam et al., 
2018). Subjects can exaggerate a poor quality of sleep compared to Actiwatch measure-
ments (Slightam et al., 2018). 

Our results also indicate that net sleep loss is more strongly associated with balance 
deficits than total sleep time. As noted by Kaplan et al. (2017), actual sleep quality and 
subjective beliefs about sleep quality differ, likely because the net sleep loss equation con-
siders what each participant’s “normal” is. A normal amount of sleep can vary between 
persons and may not be the 7 to 9 h standard. Vaara et al. (2018) studied military personnel 
who were subjected to 60 h of sleep deprivation. Interestingly, reaction times improved 
significantly after 36 h without sleep. 

In contrast, Sadaat et al. (2017) found significantly worse reaction times in anesthesiol-
ogists after a 17 h night shift. Military personnel may be subject to sleep deprivation more 

Table 1. Demographics and participation. 

Subject[a] Age[b] Gender 
Farm Size[c] 

(acres) Type of Farm Work[d] Hired Help 
Sessions 

Completed 
A 55/56 Male 80 Corn and soybeans None 5 
B 69/70 Male 1040 Corn, soybeans, hay,  

cattle, and hogs 
One or two 
(<150 days) 

5 

C - - - - - 0 
D 42/43 Male 1200 to 1250 Seed corn, soybeans,  

poultry, and other 
Two 

(<150 days) 
3 

E 48 Male 320 to 396 Corn, soybeans, alfalfa, hay,  
horses, and other livestock 

None 1 

F - - - - - 0 
G 45/46 Male 1170 to 1290 Corn and soybeans One 

(<150 days) 
2 

[a] Subjects C and F were excluded from the data analysis due to withdrawal from the study. 
[b] If the subject’s age changed from the beginning to the end of the study, both ages are indicated. 
[c] Farm sizes varied based on season. 
[d] Other farm work included vegetables, potatoes, sweet corn, and melons. 
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often than individuals in other professions, so they may have adapted to it. The farm pop-
ulation that we studied can be deprived of sleep during planting and harvest seasons; how-
ever, this deprivation is not constant, as in the military population. Therefore, the farming 
population could be considered more at risk for reaction time deficits because they are 
unable to acclimate to a consistent sleep schedule throughout the year. Reaction times are 
important for recovering after a momentary loss of balance; therefore, the significant find-
ings of this study indicate an area of risk reduction for this population. 

The more significant findings with eyes open are concerning. Farming tasks require 
coordination with vision and proprioception. The ability to efficiently maintain balance 
throughout dual-task scenarios has been shown to deteriorate with age (Kahya et al., 2019). 
Farm work often requires multi-tasking, and vision may be impaired during the late hours 
during harvest. Our population was middle-aged, and they are at increasing risk for bal-
ance-related injuries as they continue to work in these environments. 

Although the objective measures seemed to be well correlated with the CoP changes in 
the static balance testing, the subjective measures were more correlated with the velocity 

Table 2. Correlations between sleep measures and balance performance.[a] 
Balance 

Performance[b] 
Objective Sleep Measures 

 
Subjective Sleep Measures 

Net Sleep Average TST PSQI ESS 
LOA -0.488* 0.096  0.104 -0.149 
ROA -0.481* 0.094  0.081 -0.157 
TOA -0.515* 0.078  0.088 -0.199 
RCA -0.422 0.124  0.199 -0.079 
TCA -0.508* 0.027  0 -0.197 
LCA 0.119 -0.319  -0.003 .521* 
ROD -0.628** -0.388  -0.221 -0.142 
LOD -0.705** -0.323  -0.176 -0.09 
TOD -0.667** -0.249  -0.184 -.472* 
LCD -0.385 -0.367  0.05 -0.068 
RCD -0.401 -0.41  0.228 -0.271 
TCD -0.362 -0.331  -.564* -0.214 

LOAP -0.264 -0.455  -0.119 0.233 
ROAP -0.172 -.474*  -0.389 0.267 
TOAP -0.490* 0.042  -0.076 -0.181 
LCAP -0.02 -0.398  -0.261 .624** 
RCAP -0.095 -0.176  0.239 0.412 
TCAP -0.148 -0.233  -0.466 0.146 
LOLR -0.442 -0.142  -0.113 0.273 
ROLR -0.095 -.602**  -.614** 0.325 
TOLR -0.636** -0.249  -0.283 -0.176 
LCLR 0.082 -0.185  0.121 0.423 
RCLR 0.11 -0.256  0.272 0.146 
TCLR -0.465 -0.145  -0.355 -0.124 
LOV -0.09 -0.291  -0.12 .664** 
ROV -0.142 -0.396  -0.286 .626** 
TOV -0.127 0.005  0.247 0.067 
LCV 0.093 -0.294  -0.013 .569* 
RCV 0.01 -0.139  0.383 0.334 
TCV -0.032 -0.171  -.637** 0.444 

[a] TST = total sleep time, PSQI = Pittsburgh Sleep Quality Index (Buysse et al., 1989), and ESS = Epworth 
Sleepiness Scale (Johns, 1991). Asterisks indicate significance: * = p < 0.05, and ** = p < 0.01. 

[b] TL = left leg, R = right leg, T = total or both legs, O = eyes open, C = eyes closed, A = total area of center 
of pressure (CoP, cm2), D = total displacement of CoP (cm), AP = deviation of CoP in anteroposterior direc-
tion (cm), LR = deviation of CoP in mediolateral direction (cm), V = velocity of CoP change (cm s-1). 
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of those changes with eyes open. This is consistent with the reaction time results reported 
by Ganesan et al. (2019) based on psychomotor vigilance testing. In that study, healthcare 
workers who consistently worked a night shift had slower visual reactions than those who 
worked the day shift. In our study, our subjects had higher velocity changes in the CoP 
with their eyes open, indicating a reduced ability to use their visual system to regulate their 
static balance, and thus slower visual reactions. There is not enough evidence to draw the 
conclusion that the subjective ratings truly indicated slower reactions; however, it is some-
thing to explore further. If further evidence confirms this correlation, subjective question-
naires could be useful for predicting reaction times in study populations. 

The limitations of this study were as follows: a limited sample size (n = 5), all male 
subjects with a wide age range (43 to 70), and no subject was able to complete all six 
sessions of data collection due to fluctuating availability or unexpected health issues (ta-
ble 1). There were also confounding factors, such as the size of the farm, caffeine use, 
hours worked, and hired help. As shown in table 1, the farm size, type of work, and hired 
help varied among the farmers, along with caffeine or medication use, which can contribute 
to fatigue levels and could impact our results. 

Conclusions 
In this study, we demonstrated that objective measures, such as the Actiwatch, as well 

as a calculation of net sleep loss provided better correlations with balance performance 
than subjective recall of sleep quality alone. We recommend that objective measures from 
an activity monitoring device are considered or supplemented with other subjective sleep 
measures when assessing sleep deprivation in a farming population. 
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