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ABSTRACT Introduction. The increased number of metabolic disorders associated with modern sedentary life 
indicates the need for a health-promoting activity. Horseback riding has become popular among 
some people, especially women, who seek attractive forms of physical exercises.
Aim of Study. The purpose of the study was to evaluate the levels of glucose metabolic indices and 
blood lipid profile in adult women practicing horseback riding on a recreational basis.
Material and Methods. The study was carried out on a sample of 22 subjects who recreationally 
practiced horseback riding for at least 5 years, and 19 non-training, age- and body mass-matched 
controls. In all participants, somatic parameters and levels of glucose, total cholesterol, high-density 
lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides and QUICKY insulin sensitivi-
ty index were assessed. 
Results. Comparative analysis did not show significant differences in the levels of somatic and bio-
chemical variables. Associations of the percent of body fat with insulin levels (p < 0.05) and QUICKY 
index values (p < 0.05) were found in all investigated women. Daily and weekly training volumes 
co rrelated negatively with LDL-cholesterol levels (p < 0.05) and positively with the HDL-cholesterol to 
LDL-cholesterol ratio (p < 0.05). 
Conclusions. The results showed that the long-term horseback riding was not an efficient stimulus to 
induce significant metabolic effects in adult healthy women. The high frequency of training sessions 
with the large contribution of eccentric muscle contractions could play a role in those effects; howe-
ver, this explanation requires further investigation.
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Introduction

The increased number of metabolic disorders associated 
with modern sedentary life such as obesity, type 2 diabetes 
and cardiovascular diseases, indicates the need for a health-
promoting activity. Regular physical exercise may be a way 
of prevention or management of most chronic diseases [1, 
2]. It has been well documented that systematic training 
improves the blood lipid profile [3-5], modifies glucose tol-
erance, increases insulin sensitivity and prevents the deve-
lopment of type 2 diabetes [6-9]. 

In recent years horseback riding has become popular 
among some people, especially women, looking for attrac-
tive forms of physical activities [10]. This type of activity is 
characterized by a  major component of eccentric muscle 
contractions [11, 12]. Although, both aerobic and anaero-
bic exercises such as strength training are effective in the 

improvement of insulin sensitivity and blood lipid profile 
[13, 14], the influence of resistance exercises with the large 
contribution of eccentric contractions on insulin action 
remains controversial [15, 16]. 

It has been shown that the postural adjustments induced 
by horseback riding are sufficient to produce metabolic and 
cardiorespiratory responses in the rider [17, 18]. However, 
available literature contains very few works examining the 
metabolic response induced by physical exercise performed 
during horseback riding [10, 17, 19].

Aim of Study

The purpose of the present study was to evaluate the 
insulin sensitivity and blood lipid profile in adult women 
who owned a horse and practiced horseback riding at least 
for 5 years.
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Material and Methods

The study was performed on 42 women, aged between 
25 and 36 years, including 22 subjects recreationally pra-
cticing horseback riding (horseback riding group, HRG), 
for mean 14 ± 4.5 years (from 5 to 23 years), and 19 non-
training controls (control group, CG). The horseback 
ri ders declared that their daily training lasted on average 
131 mi nutes (from 40  to 360 minutes) and was repeated 
on average 6 times a week (from 3 to 7 times a week). In 
winter they performed exercises indoors, and from spring 
to autumn outdoors. Women from the control group were 
recruited with respect to their age and body mass index 
(BMI) according to results obtained in the training group 
and declared no participation in systematic recreational 
exercise during the study period. 

All participants declared good health status. Subjects 
with inflammatory and hormonal disorders, recent infec-
tions, hypertension, diabetes mellitus and drinking more 
than two alcoholic drinks per day were not included in 
the study. The study protocol was approved by the Ethics 
Committee for Human Research at the Poznań University 
of Medical Sciences, and all participants gave their informed 
consent to participate in the experiment.

In all participants, in the fasting state, body mass and 
body height were measured using the WPT 60/150.O certi-
fied digital medical scale (Radwag, Radom, Poland, accuracy 
0.01 kg) with a mechanical measuring rod for body height 
(accuracy 0.5 cm). Subjects’ body fat content was estimated 
using the bioimpedance method (BODYSTAT 1500 analyzer, 
UK). 

Blood was collected between 8 and 10 a.m. after 14 hours 
of fasting. The blood samples were centrifuged at 5000 rpm 
and 4ºC. Insulin serum concentrations were measured with 
a radioimmunoassay (BioSource Europe S.A., Belgium). Glu-
cose, total cholesterol, high-density lipoprotein cholesterol 
(HDL-C) and triglycerides concentrations were analyzed with 
commercially available assays (Cormay, Poland). 

The levels of low-density lipoprotein cholesterol (LDL-C) 
were calculated with the formula proposed by Friedewald et 
al. [20] and the Quantitative Insulin Sensitivity Check Index 
(QUICKY) according to the formula of Katz et al. [21]:

1/[log fasting insulin (μU/ml) + log fasting glucose (mmol/l)].

The values were given as means, standard deviations, 
medians and an interquartile range. The normality of data 
distribution was verified with the Shapiro-Wilk test. Com-
parisons between both investigated groups for normally 
distributed variables were assessed with the T-test and for 
non-normally distributed variables with the Mann-Whitney 
test. Spearman’s rank analysis was used to calculate correla-
tion coefficients. P value < 0.05 was considered significant. 
All analyses were performed using the Statistica 9.0 software 
package. 

Results

Basic characteristics of the examined groups of women 
are presented in Table I. There were no significant differen-
ces between the groups with respect to age, body height, 
body mass, waist circumference, body mass index (BMI) and 
body fat content. The comparative analysis did not show sig-
nificant differences in the levels of insulin, glucose, QUICKY 
index, total cholesterol, HDL-C, LDL-C and triglycerides 
between HRG and CG (Table II).

Spearman’s rank correlation analysis showed a negative 
relationship between the fat content and QUICKY index 
(r = –0.37, p = 0.0183) and a positive relationship with insu-
lin concentrations (r = 0.32, p = 0.0423) in all investigated 
women. The daily and weekly volume of training correla-
ted negatively with LDL-C levels (r = –0.49, p = 0.0200 and 
r = –0.49, p = 0.0206, respectively) and positively with the 
HDL-C to LDL-C ratio (r = 0.48, p = 0.0238 and r = 0.51, p = 
0.0161, respectively) in the HRG. 

Table II. Biochemical indices in women practicing horseback riding (HRG) and controls (CG)

Variable HRG
N = 22

CG
N = 19

p-value

Total cholesterol [mg/dl] 170.1 ± 18.03 (168.5, 160.3-176.7) 181.0 ± 21.48 (173.5, 164.9-202.7) 0.0832

HDL-C [mg/dl] 52.4 ± 9.61 (49.6, 45.1-61.6) 57.1 ± 9.56 (57.3, 49.5-62.4) 0.1266

LDL-C [mg/dl] 104.5 ± 21.46 (100.9, 93.9-117.1) 111.6 ± 18.53 (109.6, 103.0-121.0) 0.2657

Triglycerides [mg/dl] 65.8 ± 27.87 (59.1, 44.7-79.8) 61.6 ± 30.12 (52.6, 45.7-63.5) 0.5740

Glucose [mg/dl] 93.5 ± 12.14 (93.3, 88.5-100.7) 92.2 ± 11.22 (90.6, 82.3-101.1) 0.7262

Insulin [μU/ml] 8.56 ± 2.97 (7.84, 6.25-9.08) 8.81 ± 1.91 (8.41, 7.31-10.76) 0.3671

Index QUICKI 0.62 ± 0.06 (0.63, 0.58-0.68) 0.61 ± 0.05 (0.62, 0.58-0.63) 0.4203

Data expressed as means ± SD (median, interquartile range)

Table I. Basic characteristics and somatic variables in women practicing 
horseback riding (HRG) and controls (CG)

Variable HRG
N = 22

CG
N = 19

p-value

Age [years] 29.5 ± 3.81 27.9 ± 2.93 0.1538

Body height [cm] 167.9 ± 5.49 167.4 ± 5.42 0.9903

Body mass [kg] 60.4 ± 6.47 59.1 ± 5.70 0.8360

BMI [kg/m2] 21.4 ± 2.10 21.1 ± 1.74 0.6968

Waist circumference [cm] 71.2 ± 5.50 72.1 ± 5.28 0.6131

Body fat content [%] 27.7 ± 4.07 29.2 ± 3.62 0.1054

Data expressed as means ± SD
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Discussion

There is a growing body of evidence to indicate a rela-
tionship between physical activity and metabolic profile; 
however, the results of this study demonstrated no sig-
nificant effect of horseback riding on glucose and lipid 
metabolism in healthy adult women, which is consistent 
with Meyers’s results [10]. Although values of biochemical 
indices of the HRG fell within established norms, they did 
not differ from results of non-training, age- and body mass-
matched controls. Numerous studies have documented the 
significant metabolic response to physical activity programs 
in people with metabolic disorders, such as obesity or type 
2 diabetes [7, 22, 23], as well as in healthy people subjected 
to systematic training [13, 14, 24]. 

The mechanism through which physical exercise nor-
malizes glucose tolerance may be multifactorial. According 
to numerous studies, this phenomenon is associated with 
an increased affinity of insulin receptor to its agonist [25], 
enhancement of signal cascade element expression such as 
substrate-1 of the insulin receptor and the receptor itself [7, 
26], enhanced expression of glucotransporters [7, 27], higher 
uptake of glucose due to muscular contraction [9, 28], or 
increased utilization of free fatty acids by muscle cell mito-
chondria [29]. The last mechanism also leads to the improve-
ment of lipid metabolism [30].

Horseback riding is the type of activity which involves 
eccentric contractions [11, 12]. These exercises are involved 
in all activities where muscles exert a  braking action to 
control body movement. Although the beneficial results 
of both aerobic and resistance exercises on glucose and 
lipid metabolism have been extensively recognized, several 
studies have demonstrated that eccentric contractions may 
cause deleterious effects [15, 31]. 

Eccentric exercises may lead to skeletal muscle da mage 
and through increased TNF-α secretion from monocytes 
induce transient downregulation of insulin signaling path-
way activity and glucose transporter (GLUT-4) protein 
content [16]. Several deleterious effects may occur up to 
se veral days after an acute bout of eccentric exercise [32]. 
On the other hand, Paschalis et al. [13] showed that a single 
weekly bout (30 min) of eccentric exercise performed for 
8 weeks decreased resting insulin resistance and improved 
blood lipid profile in adult women. The authors concluded 
that the very low frequency of eccentric exercise per week 
and the short duration of each exercise session might be 
re commended to induce health-promoting effects. Howev-
er, it is worth noting that owning a horse requires system-
atic daily riding and the majority of participants in our study 
practiced horseback riding 6-7 times per week. Although, 
such frequent physical activity is in accordance with health 
promotion recommendations [33], the obtained results 
documented no significant metabolic benefits of this type 
of training. It can not be excluded that such large doses of 
eccentric exercises are unfavorable for metabolic effects. 

On the other hand, the lack of differences in metabolic 
indices between horseback riding women and controls 
may be the result of the adaptation to unalterable duration 
of a  single training session applied during several years. 
Nikolaidis et al. [34] assessed the acute effects of muscle 

damaging eccentric exercise on time-course changes of 
blood lipid profile and the effect of the repeated bout on 
blood lipids. They found that the response of lipids and 
lipoproteins was higher after the first session of exercise 
compared to those induced by the second identical session 
performed four weeks later. Although Meyers [10] showed 
the significant effect of a 14-week equitation (1 h of horse-
back riding, 5 days/week) on the muscular power of young 
women, this training program failed to provide an adequate 
stimulus to improve cardiorespiratory fitness and lipid pro-
file, which is in accordance with our results. The study by 
Meyers was performed among college females with prior 
equestrian experience which might have resulted in pre-
study habituation to riding.

Although the present study revealed no significant 
effect of recreational horseback riding on glucose and lipid 
metabolism in adult healthy women, the study performed 
on middle-aged, diabetic patients, documented that daily 
passive exercise (30-min riding session a  day, 7  times 
a  week, for 3  months) using a  horseback riding machine 
improved insulin sensitivity and resting metabolism [35]. 
It is worth noticing that the metabolic equivalent on the 
mechanical horse, which involves light intensity activi-
ties, might be efficient for metabolic changes in sedentary 
diabetic patients. The present study showed a significant 
negative relationship between the duration of daily and 
weekly horse riding and LDL-cholesterol levels or a positive 
association with HDL-C to LDL-C ratio, which may confirm 
the metabolic effects of this activity However, we found 
no association between the training volume and glucose 
metabolism, and the QUICKY index values negatively corre-
lated with body fat content in all investigated participants. 
The last relationship highlights the contribution of fat tissue 
to insulin activity [36]. 

Conclusions

The obtained results showed that long-term horseback 
riding is not an efficient stimulus to induce significant meta-
bolic effects in adult healthy women. The high frequency 
of training sessions with the large contribution of eccen-
tric muscle contractions could play a role in those effects; 
ho wever, this explanation requires further investigation.
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