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Abstract

Regarding the muscular weakness in patients with Multiple and the importance of the 2nd digit to 4th digit (2D:4D) 
ratio as a representative of the androgen level in women, the aim of this study was to investigate the relationship 
between level of physical activity, handgrip strength and 2D:4D ratio with the incidence of multiple sclerosis. This 
cross-sectional study was conducted on 100 female patients with average age of 35.01 years, BMI 24.04 kg/m2 and 
disability development scale of Kurtzke (EDSS) equal to 8.5-0 among the patients of Shariati, Imam Hossein and Ra-
sul Akram hospitals in Tehran in time intervals of December 2015 to June 2016. Hand grip strength variables were 
measured using the dynamometer, the 2D:4D ratio was measured with a digital calliper and the participants’ phys-
ical activity were measured using the Beck physical activity questionnaire and EDSS of patients was determined 
by a Neurologist. The study data was analysed using statistical methods of Pearson and Spearman correlation 
analysis. There was a signifi cant relationship between the physical activity level and EDSS (P<0.01) and the hand-
grip strength with the EDSS level (P<0.05) in MS patients. However, there was no signifi cant relationship between 
the 2D:4D ratio and EDSS level. Based on these results, it seems that, the increase of physical activity level and the 
hand grip strength is associated with a reduced level of disability in patients with multiple sclerosis. Therefore, it is 
recommended to prescribe an exercise program which is in accordance with MS patients’ condition.
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Introduction

Today, the increasing prevalence of chronic diseases in the 
world has added to the importance of issues such as quality 
of life, health care costs and lack of staff available to respond 
to the existing demands on health services) Mohr & Pelletier, 
2006; Moy, Chang & Kee, 2011). It is well demonstrated that 
by 2020, half of the US population will live at least with one 
chronic disease and researches conducted in other countries 
such as England, Canada, Australia, China and Iran suggest 
that chronic diseases are increasing among the population 
(Jordan & Osborne, 2007), and some of these chronic diseas-
es cause muscle weakness and atrophy. One of the chronic 
diseases that are prevalent in Iran and the world is multiple 
sclerosis which is a progressive neurological disorder, often 

disabling and unexplained, which affects the central nervous 
system, the brain and spinal cord) Mohr & Pelletier, 2006). 
This disease is the leading cause of neurological disability 
in young and middle-aged people and has infl uenced almost 
one million young adults worldwide (William, Rigby, Airey, 
Robinson & Ford, 1995). The prevalence of MS is higher in 
women than men and the most common ages are between 
the 20 to 40 years old. Association between these two, that 
means the involvement of youth and the disabling effect in 
childbearing age, show the importance of this disease and the 
need for more research in this fi eld. In this disease, the myelin 
sheath of nerve cells in the brain and spinal cord are damaged. 
This damage has interrupted in parts of the nervous system’s 
ability which are responsible for communication, and causes 
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physical symptoms and health problems (Freeman, Fox, Gear 
& Hough, 2012).

The main problem in patients with MS is the weakness 
and limitation of movement. Factors such as restricted move-
ment, impatience, depression and fear of falling lead to limit-
ed participation of MS patients in physical activity. Physical 
inactivity causes muscle weakness and failure, constipation 
and bedsores (Dalgas, Stenager & Ingemann-Hansen, 2008). 
Performing special physical activities has important role in 
the activities of daily living, mental health, social relationships 
and self-reliance of MS patients (Dalgas et al., 2008). Asano 
(2010) examined the effects of exercise and physical activity 
among persons with MS, the results showed that physical ac-
tivity used, eventually led to higher levels of self-confi dence, 
ability to promote active living, strength, endurance and fl exi-
bility, besides no injuries, accidents, or extreme fatigue due to 
exercise were reported (Asano, 2010).

Considering movement disorders and also cost of medica-
tions, it seems that exercise is one of the effective and inex-
pensive ways that has no unwanted side effects in treating the 
MS patients, so the relationship between physical activity and 
MS patients deserves further investigation. Hand grip strength 
is the force applied by the hand to pull on or suspend from ob-
jects (Sartorio, Lafortuna, Pogliaghi & Trecate, 2002). Hand 
grip strength is linked to the upper extremity strength, gener-
al power and some anthropometric characteristics, so, often 
accepted as an objective assessment of upper limb function 
in clinical treatment (Balogun, Akomolafe & Amusa, 1991). 
In previous studies, strong signifi cant correlation has been re-
ported between the hand grip strength and muscle mass (Steff 
et al., 2015). Since the hand grip strength is the representative 
of different physiological systems, its strengthening could be 
considered a practical strategy for improving public health 
and makes it less likely to have multiple chronic diseases and 
as a result, reduce premature deaths (Cheung, Nguyen, Au, 
Tan & Kung, 2013). The 2D:4D ratio as an indicator of the 
balance between prenatal testosterone and estrogen is lower 
in male than females and this ratio remains stable throughout 
the life. This stability is due to prenatal testosterone exposure 
in humans and mammals and comprehensively is being used 
as a predictive indicator for assessing the impact of androgen 
hormones before birth in humans, such as physical strength 
(Kilduff et al., 2013). The role of testosterone as the most im-
portant anabolic hormone is very important, it stimulates the 
protein synthesis and its role in the growth and maintenance 
of muscle tissue is very important (Kreamer et al., 2001) Male 
sex hormones can have nerve protective effect. There are 
abundant evidence indicating the role of testosterone in im-
mune response and effect on nerve cell regeneration following 
injury (Shuster, 2008).

Since the 2D:4D ratio is indicative of anabolic hormones, 
it may predict the possibility of some chronic diseases, in 
which muscle strength is reduced. Moy et al (2011) con-
cluded that height, weight and race are signifi cant predictors 
of elderly males and females (Moy et al., 2011). Hand grip 
strength is infl uenced by various factors such as gender, age 
and socioeconomic status (Leyk et al., 2007). Manning et al 
(2000) reported that the 2D:4D ratio is signifi cantly differ-
ent among different populations and genders (Manning et al., 
2000). Since to the best of our knowledge there is only one 
study about the relationship between the 2D:4D ratio with MS 
disease in available resources (Kordi et al., 2014) and besides, 

factors such as increase in the prevalence of MS, increased 
mortality, very high medical costs, various problems, espe-
cially disruption of normal daily activities (which limits the 
daily activities in 69/4 percent of patients), it seems essential 
to do further studies about the possible factors affecting the 
outbreak of the disease for coping with side effects and also 
provide practical suggestions in order to prevent its occur-
rence. Also, given that physical activity of hand grip strength 
and 2D:4D ratio measurements are simple and according to 
the literature may be helpful in identifying people susceptible 
to MS disease, this research was conducted to study the rela-
tionship between hand grip strength and 2D:4D ratio with the 
incidence of multiple sclerosis, so maybe with the supposed 
achievements, reducing health care costs, diagnosis of the dis-
ease in its early stages, reducing the enormous costs of dis-
ease in the future stages, faster access of patients to medicines, 
more practical methods of treatment, reduction of intensive 
care will be provided. 

Methods 
Subjects and Experimental Approach

This cross-sectional study was conducted on 100 young 
patients with MS, among the patients admitted to Shariati, 
Imam Hussein and Prophet Muhammad (PBUH) hospitals in 
Tehran in time intervals of December 2015 to June 2016. The 
subjects were informed about the possible risks and benefi ts 
of the study and gave their informed consent to participate in 
this study. Subjects’ height, body weight and body mass index 
were determined. Isometric Dynamometer was used for the 
determination of grip strength. This study was approved in 
advance by the Institutional Ethics Review Committee from 
the University.

Procedures
Anthropometric Measurements
The body height of the patients was measured by a tape 

measure with an accuracy of ±1 cm and electronic scales (SE-
CA, Germany) accurate to within 0.1 kg were used to measure 
body mass and and body mass index (BMI), using bodyweight 
in kilograms divided by height in meters squared.

Physical activity level
Physical activity level was evaluated using a physical ac-

tivity questionnaire (PAQ) which included 23 questions divid-
ed into three parts (work, exercise and leisure) which measure 
the individual’s physical activities at work, sports and leisure 
time. There were eight questions about one’s physical activity 
at job, eight questions about exercise that he/she is doing (its 
duration and intensity) and seven questions about the individ-
ual’s activity during leisure time. Activities such as billiards, 
bowling, golf was considered as low intensity, badminton, cy-
cling, swimming, ping pong as moderate intensity and boxing, 
basketball, football, rowing was considered as high intensity. 
Ones who had regular physical activity in recent years and 
were active during work and leisure, their index of physical 
activity by the questionnaire was about 8 to 10 and the phys-
ical activity index of inactive people, was about 4 to 5.5. The 
expanded disability status scale (EDSS) score was determined 
by neurologist.

Hand grip strength measurement
Isometric Dynamometer was used for the determination 



HAND GRIP STRENGTH AND INCIDENCE OF MULTIPLE SCLEROSIS | ARAZI ET AL.

J. Anthr. Sport Phys. Educ. 2 (2018) 3 87

of hand grip strength. Muscular strength was assessed using a 
digital strength dynamometer (SAEHAN corporation, Korea, 
model SH5000DP). The test was carried out while the sub-
jects sat on a chair with a straight arm position. The test was 
performed three times within 30 seconds and the maximum 
strength was recorded.

2D:4D ratio measurement
The ratio of right and left hand fi ngers assessment was 

conducted according to the method by (Manning, Scutt, Wil-
son & Lewis-Jones, 1998). The length of the index fi nger (2D) 
and ring (4D) was considered from proximal fold to the tip 
of the fi ngers and was measured by digital caliper (digimatic 
caliper, Mitutoyo, China, model: 500-151-20) with an accu-
racy of 0/01 mm. After measuring the length of the fi ngers, 
measurements were repeated again and the average of two 
measurements was recorded. The 2D:4D ratio is calculated by 
dividing the length of the index fi nger of a given hand by the 

length of the ring fi nger of the same hand. 

Statistical analyses
Means and standard deviations are given as descriptive 

statistics. Following the determination of the normal distribu-
tion of data using Kolmogorov- Smirnov and after determin-
ing the feasibility of using parametric statistics, the Pearson 
correlation coeffi cient was used. The statistical signifi cance 
was set at p<0.05 presented as mean ± standard error (SE) of 
the mean.

Results

Descriptive characteristics and isometric strength mea-
surements of the patients in the study are presented in Table 1. 
As can be seen from Table 1, subjects were with a mean age 
of (35.1±9.26 years) and BMI (24.04 ±3.68 kg/m2) and EDSS 
in the range of 0 to 8.5.

Table 1. Descriptive Characteristics of Participants

Variable Mean ± SD
Body weight (kg) 63.04±10.25
Height (m) 1.61±0.05
Age (years) 35.10±9.26
Body mass index (kg / m2) 24.04±3.68
2D:4D ratio of right hand 1.011±0.031
2D:4D ratio of left hand 1.010±0.030
HGS of right hand 21.40±6.44
HGS of left hand 19.27±6.45
Level of disability (EDSS) 2.54±2.11
Physical activity level 6.80±1.11

SD: standard deviation; 2D:4D: second digit to fourth digit; HGS: hand grip 
strength; EDSS: expanded disability status scale

(A)

The results showed that there is a signifi cant relationship 
(r= -0.322 and p= 0.001) between the physical activity level 
(A), hand grip strengh of right (r= -0.226 and p= 0.024) and 
left hand (r= -0.202 and p= 0.044) with the disease (B and C). 
However there is not a signifi cant relationship between the 

2D:4D ratio of right (r= -0.018 and p= 0.856) and left hand (r= 
-0.037 and p= 0.714) with the disease (D and E) but the hand 
grip strengh of right (r= -0.252 and p= 0.011) and left hand 
(r= -0.231 and p= 0.021) have signifi cant relationship with 
physical activity level (F and G).
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Figure 1. The relationship between the physical activity level and EDSS (A). The relationship between grip strength of right hand 
and EDSS (B). The relationship between grip strength of left hand and EDSS (C). The relationship between 2D:4D ratio of right 
hand and EDSS (D). The relationship between 2D:4D ratio of left hand and EDSS (E). The relationship between grip strength of 
right hand and physical activity level (F). The relationship between grip strength of left hand and physical activity level (G).

 (B) (C)

 (D) (E)

 (F) (G)
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Discussion

The results of the study showed that, patients who are 
physically active have lower level of disability (EDSS). Many 
studies have shown that physical activity improves the physi-
cal abilities of MS patients. Many studies have confi rmed that 
exercise in mild-to-moderate MS patients has similar physical 
and psychological benefi ts as healthy control group. Recent 
studies have stated that exercise can cause numerous health 
consequences such as improving cardiorespiratory and mus-
cular function and reduce depression and fatigue which are 
promoting quality of life and healthy living in patients. Ex-
ercise adjusts the immune responses by producing cytokines, 
which are involved in the regulation of immune and infl am-
matory responses. Several studies have been conducted on 
the effects of short-term exercise on cytokine production in 
healthy population (Maghsoudi, Nazarali, Khosravi & Ravasi, 
2011). While, the effect of exercise on the immune system 
of MS patients remains unknown and little research has been 
conducted in this area. 

The results about the effects of exercise on disability 
(EDSS) of MS patients are different. Golzari, Shabkhiz, Sou-
di, Kordi & Hashemi, 2010; Castellano, Patel & White, 2008) 
showed that physical activity improves patients’ clinical symp-
toms while the result of (Bjarnadottir, Konradsdottir, Reynis-
dottir & Olafsson, 2007) was opposed. Golzari et al (2010) 
examined the effect of 24 sessions combined exercise training 

over eight weeks on 20 MS patients between the ages of 20 
and 50 with disability status scale (EDSS) of 0–4. After eight 
weeks of exercise training, EDSS signifi cantly decreased in 
the combined exercise group. Castellano et al (2008) studied 
the effects of 30 min aerobic exercise at 60% VO2peak, three 
days a week for eight weeks on MS patients’ EDSS level. The 
results of their research showed that MS patients’ EDSS level 
reduced 24% (from 3.4 to 2.6) after eight weeks of aerobic 
exercise. While Bejrandotir et al (2007) examined the effect 
of fi ve weeks of combined aerobic and strength training, three 
times a week on 16 MS patients and fi nally, didn’t fi nd signifi -
cant changes in MS patients’ EDSS level. Probably the reason 
for confl icts of these studies is differences in the duration and 
intensity of exercise training programs. Based on the results, 
patients with high hand grip strength had lower EDSS lev-
el. There is much scientifi c evidence on the effectiveness of 
internal factors such as body composition, physical size, the 
superior hand and upper extremity anthropometric character-
istics and external factors such as physical activity and health 
status on hand grip strength (Tiainen et al., 2004). Herein, the 
prognostic value of grip strength refers to its ability to forecast 
future outcomes. Grip strength is well established historically 
in this regard. Numerous studies published over the past sev-
eral years have reinforced grip strength as a robust predictor 
of mortality, hospital length of stay, and physical functioning 

(Bohannon 2015) (Fig. 2).

Figure 2. hand grip strengh as an indicator of contemporary and future situation

Since most of daily living activities are the main indicators 
of independence and are associated with manual dexterity, the 
patient can increase hand grip strengh by appropriate exercise 
and muscle strengthening movements to improve the quali-
ty of life and reduce EDSS level. In this study it was found 
that the 2D: 4D ratio was not related to the intensity (level) of 
disease in females suffering MS which is consistent with the 
research by Bove et al (2015) which was conducted on men 
suffering MS and found that the 2D: 4D ratio was higher in 
MS patients than the without MS group and this ratio is not 
associated with age and testosterone level in adults or clin-
ical characteristics of MS. Disorders of the immune system 
which is separated into two branches of humoral and Cellular 

immunity can result in autoimmune diseases. MS is consid-
ered to be an immune-mediated disease in which the body’s 
cell-mediated immune process is affected and are infl uenced 
by T helper type 1 (Th1) producing TNF β (Tumor necrosis 
factor β), gamma interferon and interleukin-2 (IL2). On the 
other hand, T helper type 2 (Th2) cells activate IL-4, IL-5, IL-
6 and IL-10 that activate humoral immunity. When worsened 
MS symptoms clear up, the role of cellular immunity by cyto-
kine secretion throughTh1 becomes more prominent, whereas 
in times of reduced symptoms, this response changes towards 
cytokine secretion through Th2 (Correale 1995). Since the sex 
steroids change the balance between Th1 and Th2 cells, MS 
disease activity can also be changed by altering the level of 
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sex steroid hormones. This status is similar during pregnancy 
and after menopause in patients (Faas et al., 2000; Formby, 
1995). Some studies have also proven the shift toward humor-
al immunity and Th2 during pregnancy due to high levels of 
estrogen (Formby, 1995). So that using the low power estro-
gen estriol therapy, which is greatly produced during pregnan-
cy, is effective in reducing the size and number of lesions seen 
in MRI images of patients (Sicotte et al., 2002). Suggestive 
evidence indicates the relationship between MS disease and 
female sex hormones. The main concept of this study is that 
androgens before birth, may affect the risk of developing MS 
in women. 

Some gender differences in this disease may be caused by 
sex hormones, including estrogen, progesterone and testoster-
one. Today the treatment with these hormones is highly re-
garded because they play an important role in modulating the 
immune system, neuroprotection and myelin repair functions. 
A sex steroid such as testosterone affects brain cells function 
by protecting central nervous system cells through mitochon-
drial stabilization, and protects cells against cell death. In ani-
mal models estrogen, testosterone and progesterone can affect 
the disease by modulating the immune system and infl amma-
tory processes. Most body’s immune system organizations 
have sex hormone receptor. It has been shown that in animals, 
testosterone against multiple sclerosis like diseases and oth-
er autoimmune diseases have protective role. The interaction 
between the immune system, endocrine, neurological and ge-
netic factors is a possible reason for the effect of sexual hor-
mones on susceptibility to multiple sclerosis.

The protective role of testosterone in autoimmune process-
es have been shown in animal models which in the presence of 
high levels of this hormone, killer lymphocyte cells exposed 
to autoantigens makes higher amounts of IL-5 and IL-10 and 
TNF production quantities are reduced. The free form of this 
hormone cross the blood-brain barrier and thus directly affect 
the nerve cells and preserves the culture medium of these cells 
from the toxic effects of glutamate. In general, empirical and 
laboratory evidence and magnetic imaging results show the re-
lationship between sex steroid hormones (including estrogen, 
testosterone, progesterone and dehydroepiandrosterone) and 
multiple sclerosis (Foroughi pour, Norbakhsh, Hosseinpour 
Najafabadi & Memar, 2012). Mechanistically, given reported 
anti-infl ammatory and neuroprotective effects in animal mod-
els, a higher androgen to estrogen ratio might have an orga-
nizing role in modulating downstream infl ammatory responses. 
The relationship between the 2D: 4D ratio and different pheno-
types in adults has been investigated. The strongest phenotypes 
included the lower 2D: 4D which was raised in connection with 
athletic abilities and autism spectrum disorder. In neurologi-
cal diseases, men with the higher 2D: 4D ratios have a higher 
risk for Alzheimer’s disease. While the lower 2D: 4D ratio in 
females was associated with the risk of Alzheimer. In contrast, 
the lower 2D: 4D ratio is associated with the higher risk of 
amyotrophic lateral sclerosis. Recently it has been shown that a 
higher 2D: 4D ratio is associated with higher levels of infl am-
matory marker (interleukin-6) in girls aged 9 to 13 years, while 
there is not published data for its relationship with autoimmune 
diseases.29 In the present study as a second evaluation on the 
relationship between the 2D: 4D ratio and MS, only females 
were studied. To ensure the results of the study, there is a need 
for further investigations about the relationship between 2D: 
4D ratio and infl ammatory markers, etc. in MS patients.

Conclusion

According to the results of this study, physical activity can 
improve the clinical symptoms of patients suffering multiple 
sclerosis and improve quality of life and tolerance facing the 
everyday problems. Therefore, effective exercise prescrip-
tion should include recommendations on frequency, intensity, 
type, time, and progression of exercise that follows MS dis-
ease-specifi c guidelines and target improvements in hand grip 
strength to lower EDSS level of patients.
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