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Abstract
Purpose  Energy availability (EA) is considered an important measure for athletes, particularly due to the possible health 
and performance outcomes defined under the RED-S. Low EA is reported to have far-reaching health consequences among 
female athletes, especially in weight-sensitive sport. However, it is less explored among male athletes, particularly in the 
traditional Indian tag sport called Kho-Kho. This cross-sectional observational study aimed to determine the prevalence of 
LEA and associated RED-S health and performance outcomes among Kho-Kho players.
Methods  Fifty-two male national-level Kho-Kho players aged 16–31 years were assessed for energy availability, bone 
mineral density (BMD), sleep quality, disordered eating, selected metabolic (hemoglobin, blood glucose, etc.) and perfor-
mance outcomes (agility, speed, and power) as per RED-S risk assessment tool. Differences across the low EA (≤ 25 kcal/ 
kg fat-free mass) and Optimal EA (> 25 kcal/ kg fat-free mass) groups were evaluated using the Independent Samples t test 
and the chi-square test.
Results  Low EA among athletes was associated with lower z-scores for BMD, sleep quality and agility, compared to athletes 
with optimal EA. At least one moderate-to-high RED-S risk outcome was prevalent among 98% of the Kho-Kho players, 
irrespective of EA. Most athletes exhibited a lower EAT score and disordered eating outcomes, with no significant differ-
ences across groups.
Conclusion  The male Kho-Kho players showed a prevalence of low EA that can be due to higher training loads and unin-
tentional under-eating, not related to an eating disorder. The players also exhibited higher RED-S risk outcomes; however, 
it was irrespective of low EA.
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Introduction

Energy intake required for maintaining life processes 
once exercise energy expenditure is subtracted, expressed 
as energy availability, has gained significance for its role 
in maintaining athlete health [1]. Low energy availability 

(LEA) may lead to a myriad of health and performance 
outcomes known as Relative Energy Deficiency in Sport 
(RED-S). The predominantly reported RED-S outcomes are 
related to disruption of the hypothalamic–pituitary–gonadal 
axis, and which is independent of the influence of training 
on the axis [2]. Apart from this, eating disorders, bone stress 
injuries, and other hormonal disruptions were also related 
to LEA [2]. A higher prevalence of LEA is reported among 
female athletes, participating in weight-sensitive sports, 
which includes esthetic, endurance, or contact sports [2, 3]. 
However, recent studies have identified certain RED-S risks, 
including lower bone mineral density, and lower testosterone 
levels among male endurance athletes [4, 5]. Such explo-
ration in traditional contact sports, particularly among the 
Asian non-white population has not been carried out.

Kho-Kho is a traditional tag sport of India, played 
with a chasing team trying to tag their opponents to 
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score points. The sport is played on a rectangular field 
(30/26 m × 19/17 m) with two poles on either end. An 
inning includes chasing and defending in 9 min, with nine 
players on the field and 3 extras. The nine players of a 
chasing team will be seated on a straight line between 
poles, and at a time one of them will look to tag three 
raiders of the defending team. The word “Kho” is used as 
a signal to make a shift between different chasers. Thus, 
it is not merely a game of running, but it involves chasing 
movements, such as controlled sprinting, dodging, diving, 
taping, covering, and post-turning [6]. This requires higher 
explosive strength, with increased agility, stamina, and 
anaerobic power [7, 8].

Athletes in such sports undergo a myriad of changes 
in their activity pattern, from spontaneous high-intensity 
sprints to sudden rests within a match and across a play-
ing season. This pattern of movement follows closely to 
other contact events like Kabbadi, Rugby, Gaelic football, 
and Australian rules football. They rely heavily on aerobic 
energy, as well as shorter bouts of anaerobic power, with 
Indian kabaddi players, a popular tag game in India recog-
nized worldwide, reporting up to 43.5–70.5% of VO2max dur-
ing a match [9]. The Kho-Kho players were reported to have 
higher ectomorphic components and muscle mass compared 
to age-matched controls [10]. They were also reported to 
have higher explosive strength and lower agility, compared 
to kabaddi players [8]. Kho-Kho gained popularity, after the 
Khelo India scheme included Kho-Kho in their competi-
tions, to encourage this sport at the grass-root level. Con-
sidering the intensity of the game, there is the possibility of 
energy deficits and RED-S risk, which has not been explored 
so far. Therefore, the present study aimed to determine LEA 
among Indian national male Kho-Kho players, and its asso-
ciation with their health and performance related to RED-S.

Methods

Participant selection

This observational study included participants were male 
Kho-Kho players aged 16–31 years and were selected based 
on the criteria that athletes were training for over 2 years 
in the sport, and were apparently healthy, not suffering 
from any injury or deformity. The study was approved by 
institutional ethical committee and conducted according to 
the guidelines laid down in the declaration of Helsinki and 
STROBE. The athletes who met the criteria were briefed 
about the various tests, including the discomforts, and writ-
ten consent was obtained. The recruited athletes were train-
ing within their bio-bubbles and were tested for COVID-19 
before initiating data collection.

Energy availability

Energy availability (EA) was calculated by subtracting train-
ing energy expenditure from energy intake and expressed as 
kcal per kg fat-free mass (FFM). In general, energy avail-
ability less than 30 kcal per kg FFM is considered as low 
and greater than or equal to 30 kcal per kg FFM as optimal 
or adequate [11, 12], although these cut-offs were developed 
on female athletes, it is suggested to hold good for male 
athletes as well [5]. However, a recent study has reported 
that an EA threshold ranging from 9–25 kcal per kg FFM 
reduced explosive power and testosterone levels among male 
endurance athletes and hence for the present study on male 
Kho-Kho players a cut-off of less than or equal to 25 kcal 
per kg FFM was used [13]. The training energy expenditure 
was determined by a 1-day activity record of the athlete, and 
multiplying the time spent in activities with METs in the 
compendium of physical activity [14], corrected for basal 
metabolic rate (BMR). The BMR was predicted using the 
equation of Cunningham, which was found to be suitable in 
the Indian context [15] and among Indian athletes [16]. The 
energy intake was determined using a 1-day direct weigh-
ment plus recall method, [17] and the nutritive value was 
calculated using the Indian Food Data Tables (IFCT) [18].

Physical measurements

The basic measurement of height and weight was carried out 
using a standard protocol [19]. Height was recorded to the 
nearest 0.1 cm using a stadiometer with the athlete maintain-
ing the Frankfurt plane. Body mass was recorded with mini-
mal clothing, after voiding the bladder, to the nearest 0.1 kg 
using a digital weighment. Skinfold measurements (biceps, 
triceps, subscapular, and supra-iliac) on the right side of the 
body were taken using Holtain calipers (U.K) with 0.2 mm 
accuracy. Body density [20] and body-fat percent [21] were 
accordingly calculated. FFM was obtained by subtracting fat 
mass from body mass.

Health and performance risk outcomes related 
to RED‑S

The health and performance outcomes were classified as 
“high” or “moderate” risk groups, based on the RED-S 
Cumulative Assessment Tool [1, 22] and overall prevalence 
included the presence of any one risk factor, irrespective 
of the group, based on IOC recommendations [23] Eating 
Disorder and extreme weight loss practices were assessed 
using self-reporting, while the EAT-26 questionnaire was 
employed to ascertain eating attitudes with a score above 
20 considered as a risk for disordered eating [24]. The ECG 
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was also determined as part of the study, and only the dichot-
omised data are used for the purpose of this study [25].

Bone mineral density

The lumbar spine (L1–L4) measurements were taken using 
the Hologic Discovery DXA fan-beam scanner (software 
V.12.1, fast-array mode). The scan was done using the auto 
low-density option, which uses algorithms to improve the 
accuracy of edge detection of the bones in individuals with 
low bone mineral density (BMD). BMD was calculated 
using the geometric assumptions made by Carter et al. [26].

Sleep quality

Sleep quality was assessed by the Pittsburgh Sleep Qual-
ity Index (PSQI) questionnaire [27], consisting of seven 
component scores related to subjective sleep quality, sleep 
onset latency, sleep duration, habitual sleep efficiency, sleep 
disturbance, use of medication, and daytime dysfunction.

Biochemical estimation

A fasting blood sample (10 mL) was collected via vein 
puncture and was transferred from the syringe into plain 
bottles and centrifuged at 4000 rpm for 10 min to separate 
the serum. The serum samples were kept in the freezer (at 
18 °C) till further analysis. The tests were performed within 
72 h after obtaining the blood sample. Serum calcium, 
serum vitamin-D3, serum T3. hemoglobin, serum albumin, 
serum creatinine, SGOT, SGPT, were measured using an 
automatic clinical chemistry analyser, Erba (Lachema) 
XL200, Germany.

Performance outcomes

The maximum force generated by lower limb muscles was 
estimated using the vertical jump test [28]. Agility being 
one of the most important components of the game, was 
determined using the Illinois Agility Test [29]. The sprinting 
ability was assessed using the 30-m sprint test [30].

Statistical analysis

All analyses were carried out using IBM SPSS (Statistics 
for Macintosh, Version 27.0, Armonk, NY). Descriptive 
statistics were carried out and data were expressed as mean, 
SD, and range. The independent sample t test was employed 
to ascertain differences between low and optimal EA. The 
data related to energy availability, selected health and per-
formance risk outcomes were dichotomised based on stand-
ard cut-offs (presented in Table 4). The chi-square test was 
employed to determine differences in RED-S risks outcomes 
across low and optimal EA groups. Significance was consid-
ered at a p-value < 0.05.

Results

Age was not significantly different across the low and opti-
mal EA groups, however, body mass, including lean body 
mass, and height were significantly higher in the low EA 
group compared to the optimal EA group (presented in 
Table 1). The basal metabolic rate, total energy expenditure 
and activity energy expenditure were significantly higher 
among the LEA group compared to the optimal EA group 
(presented in Table 1). Physical Activity Level (DEE/BMR) 
was also higher in the LEA group, indicating a lower BMR 

Table 1   Physical characteristics 
and energy availability of Kho-
Kho players

EA energy availability, BMR basal metabolic rate, AEE activity energy expenditure, DEE daily energy 
expenditure, DEI daily energy intake, EA energy availability
*p < 0.05, **p < 0.01; ***p < 0.001, NS Not significant

Participant characteristics Mean ± SD (range) T test

EA: ≤ 25 (N = 24) EA: > 25 (N = 28)

Age (yrs) 23.63 ± 3.77 (16–31) 22.64 ± 3.64 (17–29) 0.951NS

Height (cm) 168.16 ± 6.67 (157.0–179.5) 163.51 ± 6.18 (149.9–176.1) 0.261*
Weight (kg) 60.67 ± 6.59 (51–77) 57.53 ± 5.91 (44–74) 1.814NS

Body fat (%) 12.11 ± 3.30 (6.7–19.6) 11.50 ± 3.40 (6.7–22.3) 0.656NS

Lean body mass (kg) 54.12 ± 5.25 (46.7–67.8) 51.32 ± 4.75 (39.2–65.8) 2.017*
BMR (kcal/d) 1690 ± 115.71 (1523–1992) 1629 ± 104.67 (1363–1948) 2.024*
AEE (kcal/d) 2130 ± 404.48 (1362–2842) 1675 ± 375.51 (1000–2430) 4.202***
DEE (kcal/d) 3542 ± 516.30 (2582–4667) 3102 ± 490.04 (2331–4519) 3.152**
DEI (kcal/d) 2799 ± 504.10 (1784–3780) 4300 ± 723.29 (3082–5960) − 8.541***
EA (kcal/kg/FFM) 14.62 ± 5.21 (6.0–23.63) 51.69 ± 13.69 (34.61–86.16) − 13.319***
DEE/BMR 2.09 ± 0.24 (1.67–2.66) 1.89 ± 0.22 (1.44–2.32) 2.941NS
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in relation to the total energy expended in the LEA group. 
Thus, explaining lower energy being utilized for the basic 
life process. In addition, the corresponding energy intake 
was significantly lower in the LEA group, compared to the 
optimal EA group.

Among the health-related outcomes assessed (presented 
in Table 2), the BMD z-scores were significantly lower in 
the LEA group, compared to the optimal EA group. How-
ever, the serum levels of Vitamin D and calcium were not 
different. The hemoglobin levels were normal and were not 
significantly different across the groups, and this corrobo-
rated with a majority (85%) of the athletes consuming iron 
in line with the Indian recommendations. The liver func-
tion parameters, serum albumin, and creatine were within 
normal ranges and were not different (p > 0.05) across the 
groups. The LEA groups also exhibited lower overall sleep 
quality (low EA: 0.25 ± 0.84 versus Optimal EA:0.00, 
p < 0.01), compared to the optimal EA group. Among the 
performance-related outcomes, the LEA group exhibited 
significantly lower agility as compared to the AEA group, 
while speed and power outcomes did not differ significantly 
across groups.

Macronutrient consumption was lower in the LEA 
group, in both absolute terms and relative to their body 

mass. However, the percent contribution of macronutrients 
(Mean Carbohydrate:Protien:Fat was 58.62:15.50:29.83 
in LEA versus 56.98:14.11:29.49 in optimal EA group; 
p > 0.05) towards the overall energy intake was not sig-
nificantly different across the groups. Since, the overall 
energy intake was lower, the estimated metabolic water was 
lower in LEA group (LEA: 360.1 ± 84.20 versus Optimal 
EA:538.2 ± 89.03, p < 0.001), and this also resulted in lower 
total fluid intake (presented in Table 3). The LEA group 
consumed lower Vitamin-A, B-Vitamins, Iron and Zinc 
compared to the optimal EA group, while no significant dif-
ferences were noted in intake of Vitamin-C, Calcium, and 
Carotenoids.

The RED-S risk assessment (depicted in Table 4) indi-
cated an overall prevalence of 45% in any one of the high-
risk health outcomes, with most of the athletes resorting to 
extreme dehydration techniques (34.5%) and showing ECG 
abnormalities (10.4%), with no significant differences across 
the LEA and AEA groups. Among moderate risk outcomes, 
the most prevalent were lower history of any form of injury, 
reduced Vitamin D levels, and lower BMD levels. The over-
all prevalence for any one of the moderate or high-risk out-
comes was 98.1 percent, though there was no significant 
difference across the groups.

Table 2   Health and performance outcomes related to energy availability among Kho-Kho players

# For all metabolic outcomes, the sample size was 23 for EA: ≤ 25 and 28 for EA > 25; Energy Availability, BMC Bone Mineral Content in Lum-
bar Region, BMD bone mineral density
*p < 0.05; **p < 0.01; NS Not significant

Outcomes Energy availability (range, n) T test

EA: ≤ 25 EA: > 25

Health outcomes
 BMC (g) 60.02 ± 7.83 (42.5–75.90;23) 62.8 ± 11.10 (49.2–100.18;27) − 1.836NS

 BMD (g/cm2) 1.03 ± 0.08 (0.867–1.182;23) 1.07 ± 0.11 (0.929–1.344;27) − 1.264NS

 T-score − 0.55 ± 0.67 (− 1.5 to + 0.8;19) − 0.095 ± 1.16 (− 2 to + 2.7;20) − 1.479NS

 Z-score − 0.60 ± 0.71 (− 2.0 to + 0.80;23) 0.048 ± 0.99 (− 1.5 to + 2.7;27) − 2.626*
 Serum calcium (mg/dl) 10.16 ± 0.63 (8.10–10.9;23) 10.23 ± 0.54 (9.1–11.2;28) − 0.435NS

 Serum vitamin-D3 (ng/ml) 27.7 ± 9.36 (19.0–60.7;23) 27.2 ± 6.58 (15.8–41.2;28) 0.223NS

Metabolic outcomes#

 Serum free T3 (pg/ml) 3.58 ± 0.36 (2.9–4) 3.43 ± 0.30 (3–4) 1.643 NS

 Hemoglobin (mg/dl) 15.76 ± 1.21 (13.8–15.2) 15.67 ± 1.1.4 (13.2–19.0) − 1.360NS

 SGOT (IU/L) 24.06 ± 4.59 (15–36) 26.43 ± 7.71 (8–43) − 1.794NS

 SGPT (U/L) 20.07 ± 6.19 (10–35) 25.94 ± 13.42 (10.9–65.0) − 1.794NS

 Serum albumin (gm/dl) 4.47 ± 0.15 (4.2–4.7) 4.41 ± 0.16 (4.1–4.9) − 0.068NS

 Serum creatinine (mg/dl) 1.11 ± 0.19 (0.7–1.0) 1.02 ± 0.20 (0.4–1.4) 1.508NS

EAT score 12.0 ± 9.51 (0–41, 24) 11.6 ± 9.19 (0–43; 28) 0.121NS

Over all sleep quality 5.79 ± 3.14 (3–13, 23) 6.18 ± 4.61 (0–16, 28) − 0.357*
Performance outcomes
 Speed 4.51 ± 0.259 (4.0–4.88, 21) 4.51 ± 0.236 (4.14–4.98, 27) − 0.026NS

 Agility 17.6 ± 0.635 (16.19–18.86, 22) 17.2 ± 0.486 (16.38–18.17, 28) 2.254*
 Power 46.5 ± 8.86 (37.0–76.3, 23) 44.2 ± 5.61 (35.0–55.0, 28) 1.130NS
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Discussion

Low energy availability has been attributed to causing 
many health and performance outcomes among athletes, 
and this study is unique as it explores the prevalence of 
low energy availability and associated RED-S risk out-
comes among the Kho-Kho players, which is a traditional 
sport gaining popularity in recent times. The major finding 
of the study is that low energy availability was associated 
with lower bone mineral density, agility, and sleep quality, 

as compared to adequate energy levels. Another signifi-
cant outcome was that majority of the athletes exhibited 
moderate-to-high risk for RED-S, albeit the prevalence of 
risk was not different across the low energy and optimal 
energy groups.

Energy deficits have been associated with compromised 
physiological functioning, with a four-day reduced LEA 
exhibiting reductions in reproductive hormones among 
female athletes [31]. Further, a 5-day LEA showing a reduc-
tion in blood glucose levels and suppression of other meta-
bolic hormones like insulin and leptin, while, increasing the 

Table 3   Nutrient and fluid 
intake pattern of Kho-Kho 
players based on EA

EA energy availability, Total fluid intake includes water from food, beverages and metabolic water; 
**p < 0.01; ***p < 0.001, NS Not significant

Intake Mean ± SD (range) T test

EA: ≤ 25 (N = 24) EA: > 25 (N = 28)

Carbohydrates (g/kg/BW) 6.75 ± 1.39 (4.7–9.5) 10.86 ± 3.11 (4.5–20.0) − 6.279***
Protein (g/kg/BW) 1.79 ± 0.55 (1.1–3.3) 2.59 ± 0.40 (2.0–3.7) − 5.890***
Fat (g/kg/BW) 1.56 ± 0.73 (0.8–4.1) 2.44 ± 0.48 (1.7–3.7) − 5.174**
Total fluid intake (ml/d) 3253.0 ± 992.68 (1680–5230) 4147.79 ± 1305.61 (2220–6820) − 2.744**
Vitamin-A (µg) 541.0 ± 250.80 (162–1392) 692.36 ± 271.79 (155–1749) − 2.087*
Vitamin-B2 (mg/d) 2.14 ± 0.58 (1.10–3.50) 2.75 ± 0.51 (1.10–3.60) − 4.022***
Vitamin-B6 (mg/d) 2.65 ± 0.75 (1.4–4.3) 3.45 ± 0.78 (1.9–5.0) − 3.762***
Vitamin-B9 (mg/d) 388.13 ± 103.90 (218–590) 491.96 ± 140.90 (164–725) − 2.980**
Vitamin-C (mg/d) 94.20 ± 57.99 (17–288) 99.42 ± 41.63 (29–223) − 0.377NS

Calcium (mg/d) 1217.96 ± 488.54 (535–2338) 1420.46 ± 356.46 (410–2340) − 1.724NS

Iron (mg/d) 22.47 ± 5.27 (13–36) 28.72 ± 6.66 (17–38) − 3.698**
Zinc (mg/d) 13.97 ± 3.72 (9–19) 18.57 ± 2.82 (11–25) − 4.945***

Table 4   RED-S risk assessment 
among national-level Kho-Kho 
players in India

LEA Low energy availability, i.e., ≤ 25  kcal/kg fat-free mass, OEA Optimal energy availability, 
i.e., > 25 kcal/kg fat-free mass. Even if a single risk outcome for RED-S is present, the athlete is under a 
risk category. The overall prevalence is a total of the athletes under Moderate and high risk for RED-S. The 
sample size is as depicted in Table 2 for all outcomes, except ECG abnormalities (Total = 48, LEA = 23, 
OEA = 25) and extreme dehydration practices (Total = 52, LEA = 24, OEA = 28)

RED-S outcomes % Prevalence (n) Chi-square 
(P-value)

Total LEA OEA

High risk
 1. Eating disorder 0 0 0 −
 2. Extreme dehydration techniques 34.6 (18) 29.2 (7) 39.3 (11) 0.444
 3. ECG abnormalities 10.4 (5) 8.7 (2) 12 (3) 0.708

Moderate risk
 1. Loss of ≥ 5% Body mass 9.6 (5) 8.3 (2) 10.7 (3) 0.772
 2. Reduced BMD (score < − 1 SD) 18.0 (9) 26.1 (6) 11.1 (3) 0.170
 3. History of injury 90.4 (47) 95.8 (23) 85.7 (24) 0.217
 4. Low total T3 (< 2.7 pg/ml) 0 0 0 −
 5. Low Hb level (< 13 g/dl) 0 0 0 −
 6. Low serum calcium (< 8.6 mg/dl) 2 (1) 4.3 (1) 0 (0) 0.265
 7. Low serum vitamin D (< 30 ng/ml) 68.6 (35) 73.9 (17) 64.3 (18) 0.461
 8. Disordered eating (EAT > 20) 9.6 (5) 8.3 (2) 10.7 (3) 0.772

Overall prevalence of any one risk factor 51 (98.1) 24 (100) 27 (96.4) 0.350
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levels of cortisol [32]. Low energy availability was reported 
among 44% of the male Kho-Kho players in this study. The 
activity energy expenditure was higher in the low EA group 
compared to optimal EA group. This could be due to an 
inadvertent LEA, considering that the players were assessed 
for one-day while in a training camp, with higher exercise 
intensities and being away from their hometowns and natural 
food environment causing unintentional under-eating, irre-
spective of the group [33]. Nevertheless, the LEA group 
exhibited reduced bone mineral density z-scores compared 
to the optimal EA group (Refer Table 2). This was in line 
with the findings of reduced lumbar spine bone mineral den-
sity z-scores and osteopenia in association with LEA among 
male endurance athletes from the US and UK [34–36]. 
Within 5 days of LEA, Ihle and Loucks [37] reported an 
increased rate of bone resorption and decreased bone forma-
tion among women with studies also reporting increased risk 
for injuries, particularly, stress fractures and osteoporosis 
among female athletes [38, 39], however, similar outcomes 
of stress injury were scanty among male athletes. A higher 
training volume has also been associated with a reduced 
lumbar bone mineral density z-scores and LEA, [39] which 
could be one of the contributing factors for LEA among 
Kho-Kho players in this study. Therefore, special attention 
to dietary intake while on travels and training camps can be 
a useful strategy to avoid within-day and/or short-duration 
energy deficits.

Lower energy availability has also been conceptualized 
to cause performance-related decrements and changes in 
mental health, including disordered eating attitudes clas-
sified as intentional energy deficits [1]. In a study, athletes 
with a high risk of LEA self-reported performance dec-
rements like decreased coordination, decreased training 
response, concentration, and depression [23]. The male 
Kho-Kho players with LEA exhibited lower agility as com-
pared to the optimal EA group (Table 2). However, there 
were no such differences in other performance parameters 
related to power and speed in this study. Opposing to 
this, a study reported lower explosive power among male 
endurance athletes, with no significant difference in agility 
[40]. Decrease in performance, particularly in endurance 
activities, have been related to dietary intake restriction, 
and male athletes often reported to reduce food intake or 
under-eat during competitions [41–43]. Power-related 
performances were also reduced with dietary restriction 
among male wrestlers [44, 45]. Considering that the play-
ers in this study have exhibited a lower prevalence of dis-
ordered eating and there is no difference across groups, it 
can be suggestive of an unintentional under-eating among 
players due to deviation from usual menu plans in training 
camps. Apart from this, the LEA group in this study also 
showed reduced overall sleep quality (presented Table 2). 
Long-term calorie restriction through fasting has been 

found to have an impact on sleep quality, [46] although 
short-term fasting or reduced calorie intake among non-
exercising individuals has shown improved sleep quality 
scores [47, 48]. However, athletes can respond differently 
to energy deficits, particularly during high-intensity train-
ing. Research is limited to understand the exact mecha-
nisms, and this needs further exploration.

RED-S has been theoretically postulated to be a result 
of low energy availability. In the present study, though 
most of the Kho-Kho players exhibited a moderate-to-high 
RED-S risk, it was not related to a higher prevalence under 
the LEA group (Table 4). Although self-reporting errors or 
biases in activity or dietary recall are considered to have 
an impact on the association of EA and health outcomes, 
with a study attributing lack of association of LEA and 
metabolic hormones to self-reporting [49]. However, it 
is also a reality that the majority of the studies exploring 
LEA have resorted to self-reporting to estimate energy 
intake and/or exercise energy expenditure [50–56], includ-
ing the present study. The majority of the studies have also 
explored LEA and RED-S risk independently [2]. Even in 
a study [23], that attempted to validate LEA with RED-S 
risk outcomes, does so by making use of questionnaires 
that predict an LEA risk factor and not including any 
form of direct measurement of energy availability. Such 
questionnaires are also subject to reporting bias [57], par-
ticularly when administered through an online mode. A 
short-term LEA may result in suppression of reproductive 
hormones and reduction in bone mineral density z score, 
which may or may not be associated with RED-S risk out-
comes. Long-term monitoring of athletes with LEA can 
provide more definitive association with the health and 
performance outcomes under the RED-S.

Limitations

In the present study, EA was monitored using estimations of 
energy intake from dietary recall, energy expenditure using 
activity records, MET values, predicted RMR using FFM 
measured by skin fold measurements. Thus, relying heavily 
on self-reporting of the athlete and technician’s skills for 
FFM measurement, which in itself can result in under-or-
over reporting [58, 59]. Further, these estimations were done 
only for a single day, thus, not capturing a cumulative energy 
availability, including the variation in energy intake and 
activities across a weekly schedule. However, even a within-
day energy deficiency has been reported to be associated 
with reduced RMR, lower estrogen and increased cortisol 
levels [1, 60]. Apart from this, the players were monitored 
during their training camp, which might be different from 
their regular training and dietary habits.
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Conclusion

Kho-Kho players in this study exhibited a higher preva-
lence of LEA, with a reduced lumbar bone mineral density 
among health outcomes and reduced agility among the 
performance outcomes in the LEA group compared to the 
adequate/optimal group. The low EA among the players 
could be due to unintentional under-eating as opposed to 
disordered eating behavior, added to the higher training 
loads. Further, there was a higher prevalence of RED-S 
risk outcomes among Kho-Kho players, with or without 
LEA. This study also provides leads for future research to 
focus on sleep quality disturbances due to energy deficits 
and to understand the association between short and long-
term LEA and RED-S outcomes among athletes.
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