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Abstract 
Introduction: Magnesium is an uncommon electrolyte in a sports hydration drink 
despite the fact that many endurance athletes suffer from muscle cramps and soreness 
during marathon events.  We tested if an optimal amount of elemental magnesium 
(100 mg/serving) in an electrolyte mix during a marathon can reduce the incidence 
and severity of muscle cramps. 
Methods:  The open survey was conducted using a questionnaire about muscle 
cramps that participating athletes completed after finishing the half-marathon race. 
The half-marathon course was identical in two separate events held at the same 
location.  Participating athletes had magnesium-rich electrolyte mix, MAGNAK or 
water for hydration. The number of athletes who had mild-moderate and/or severe 
muscle cramps were recorded in this post-event survey. 
Results: A total of 86 athletes participated in the survey during event 1 and 98 in 
event 2. Amongst the athletes who only had water for hydration, approximately 46% 
of athletes had muscle cramps as compared to 21% in those who hydrated with 
MAGNAK (p=0.002). Hydration with MAGNAK reduced the incidence of both, 
mild-moderate as well as severe muscle cramps in both events. Mild-moderate muscle 
cramps occurred in 12% of athletes who hydrated with MAGNAK as compared to 
26% in those who used water for hydration (p=0.02). Incidence of severe muscle 
cramps was reduced from 20% to 9% by MAGNAK on average in the composite 
data (p=0.04).   
Conclusions: Magnesium-rich electrolyte mix MAGNAK was highly effective in 
reducing mild to severe exercise associated muscle cramps in half-marathon runners. 
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Introduction 
Endurance athletes often suffer from painful muscle cramps on and off the course 
and in some cases, these can prevent them from completing their race. Although 
there are numerous proposed theories underlying exercise associated muscle 
cramps, dehydration, repetitive muscle contraction and electrolyte with fluid losses 

are few of the key reasons why athletes cramp1. Magnesium is often prescribed to reduce incidence of nocturnal muscle 
cramps in the elderly or those on diuretics2. Despite some early data of beneficial effects of magnesium in athletes, 
most sports drink mixes do not have enough magnesium that can have a meaningful impact on muscle physiology of 
athletes3.   
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Magnesium deficiency can be subclinical as many individuals, even healthy athletes are unable to meet the 
recommended dietary intake of 400-450 mg of magnesium per day through diet alone4. The requirement of endurance 
athletes is likely more, about 500-600 mg/day although many athletes do not meet this requirement purely through 
diet5. Some studies have shown that serum magnesium levels can correlate with muscle performance in older 
individuals6,7. In this regard, a clinical trial showed that supplementation of elderly women for 12 weeks with 
magnesium can improve muscle strength and performance8. 
 
MAGNAK, a magnesium rich electrolyte mix contains about 100 mg of elemental magnesium per serving (650 mg of 
magnesium citrate) and was created to improve muscle endurance, reduce cramping and soreness associated with 
extreme exercise. The hypothesis of the study was to assess if such an optimal blend of electrolyte mix that included a 
higher content of magnesium can allow athletes to perform better and reduce incidence and severity of muscle 
cramping9.  
 
Scientific Methods 
Participants 
The survey was conducted at two separate half- marathon events in Northern California. A total of 175 registered 
athletes participated in the first event and about 201 in the second event. Athletes were consented to participate in a 
post-marathon survey. No samples were collected during the study and no specific individual identification information 
other than email was obtained. Approximately half of the marathoners voluntarily participated in a 1-question survey 
about muscle cramps after the race. The study did not require an Institutional Review Board review as it qualified 
under the exempt study status of the Code of Federal Regulations based on the 45 CFR 46.104(d)(2) clause. Both 
events had MAGNAK and water for hydration and athletes were encouraged to choose either based on their 
preference. 
 
Protocol 
Participants were surveyed using a single question at the end of the race that asked if they had muscle cramps during 
the race. If they answered No, there were no additional questions. Those who answered YES, had to answer the next 
question about severity of the cramps: Mild-Moderate (defined as no additional intervention required except halting 
and a gentle massage, with cramp disappearing < 30 seconds) or Severe (severe pain lasting > 30 seconds, or inability 
of the athlete to continue the race or prolonged halt during the race). Data was collected as number of total responses 
received from participants, averaged over the two events and compared using appropriate statistical methods 
(described below).   
 
Statistical Analysis 
Total number of athletes with muscle cramps in each of the two groups based on their hydration choice were averaged 
from two separate events. Statistical analysis between the average percentages within these groups was performed using 
an independent t-test with p<0.05 considered significant within the two groups compared.  
 
Results  
The survey data indicated that MAGNAK electrolyte mix significantly reduced the incidence and severity of muscle 
cramps in these half-marathon runners surveyed in two separate events.  
 
On average, 46% of athletes running this half-marathon and using water for hydration had some degree of muscle 
cramps (Figure 1). However, this incidence was much lower in those athletes that used the magnesium-rich electrolyte 
mix MAGNAK for hydration (21%).  In two separate events on the identical course in Northern California, the data 
was similar (presented in Figure 1 as composite average). 
 
Addition of MAGNAK (Figure 2) to the hydration mix showed a significant reduction in the severity of muscle 
cramps. On average, mild-moderate symptomatic muscle cramps occurred in about 12% of athletes who had 
MAGNAK as opposed to 26% in those hydrating with water alone. Most of these cramps lasted less than 30 
seconds and athletes were easily able to “shake these off” with a massage or minimal intervention and finish their 
race. Severe muscle cramps occurred in 20% of those who drank water alone as opposed to 9% of those who 
consumed MAGNAK. In this group, more athletes were able to finish their race after consuming MAGNAK due to 
a lesser amount of debilitating muscle cramps. Subjective (unreported) analysis also indicated that MAGNAK was 
well tolerated with most athletes feeling better rehydrated with less muscle soreness at the end of the race.  
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Figure 1. MAGNAK electrolyte mix reduced exercise induced muscle cramps in half-marathon runners. Data is 
represented as an average from two separate half-marathon races with error bars designating SD from mean. 46% of 
athletes who consumed water had muscle cramps as compared to only 21% of those who consumed MAGNAK. P = 
0.002. 

 
Figure 2. MAGNAK reduced the severity of muscle cramps as compared to water. Mild-moderate cramps occurred 
in 12% of athletes who had MAGNAK as compared to 26% in those who consumed water (p=0.02). Severe cramps 
occurred in 20% of those consumed water but in only 9% of athletes who had MAGNAK (p=0.04). Data represents 
an average of percentage of athletes with symptoms in each of the two half-marathon races with error bars representing 
SD.  
 
A detailed description of the final composition of the electrolyte mix is listed in Table 1. 
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Table 1. Concentration of electrolytes in MAGNAK hydration mix per serving mixed in 16 fl.oz. of water (in addition 
to 8 g of organic sugar). Equivalent salts of magnesium citrate, sodium chloride and potassium citrate were used to 
derive the final concentration of electrolytes in the solution. 
 

Electrolytes Final concentration per serving 
 

  

Magnesium  100 mg   
Sodium 300 mg   

Potassium 150 mg 
 

  

 
Discussion 
Endurance athletes are often limited in their ability to perform due to debilitating muscle cramps at the end of the 
marathons probably indicating a role of electrolyte depletion, dehydration and muscle fatigue due to a prolonged 
activity. Hence, any interventions that can help overcome even a few of the above deleterious effects (e.g. muscle 
cramps) can have a meaningful outcome in their performance. While magnesium can help with nocturnal leg cramps, 
data on whether endurance athletes can benefit from magnesium supplementation using a hydration beverage are 
lacking despite some evidence that magnesium supplementation in athletes can reduce inflammation and help with 
recovery10,11. One of the challenges is to deliver an optimal amount of magnesium that can be quickly absorbed via the 
GI tract. Unfortunately, most magnesium salts such as commonly used magnesium oxide, are difficult to absorb from 
the gut, have an unpleasant taste and can cause diarrhea. This makes magnesium supplementation on the filed rather 
difficult. Thus, delivering a higher amount of elemental magnesium (1.5 mg/kg for an average 70 Kg person or 
approximately 100-120 mg) via a flavored hydration mix may be the best way of supplementing magnesium during the 
actual endurance event.  
 
The survey from two distinct half-marathon events indicates that MAGNAK electrolyte mix can reduce the incidence 
of exercise associated muscle cramps during endurance training. Athletes require much larger intake of magnesium in 
their daily regimen, and based on NHANES survey4, less than half of the individuals meet this requirement. A 
subclinical deficiency of magnesium can build up and lead to muscle cramps, soreness and palpitations when the body 
is severely stressed. Magnesium supplementation in some studies have shown to improve some aspects of muscle 
performance, however, a study of using a higher amount of magnesium in an electrolyte blend as a hydration mix has 
not been done in endurance athletes to assess if this could limit muscle cramping on the field. 
 
The study lays a foundation for conducting a double-blinded randomized clinical trial (RCT) in athletes in a controlled 
training environment. The main limitation of our study was that this was not a randomized control trial but rather a 
post-marathon survey. Studies on athletes in the “field” have been challenging due to changing nature of the 
environment, topographic variation, and inadequate participation after an exhausting event, and changes in athletes’ 
patterns of hydration as well as their reporting during the race. Nutrition practices before the race and prior exercise 
training also play a major role in outcomes. In the current study approximately 50% of athletes who completed the 
race participated in the study, which limits findings in those who did not participate. Moreover, the amount of 
hydration per athlete during the course was not controllable. It is possible, that some hydrated less regardless of the 
solution (water or MAGNAK) and were more prone to cramping. 
 
Lastly, it is possible that this effect is related to a composite of all electrolytes used in the hydration mix, and not just 
magnesium. It is well known that sodium and potassium, two other electrolytes have a role in muscle contraction and 
physiology, so better hydration12 with this electrolyte mix as compared to water may account for these observations. 
Future studies will aim to study muscle specific physiology with specific electrolyte concentrations with an assessment 
of electrolyte changes (in serum), VO2 max and other performance metrics through a randomized controlled trial.  
 
Conclusions 
This preliminary study indicates that the magnesium-rich electrolyte mix MAGNAK, reduced the incidence and 
severity of muscle cramps in athletes during a half-marathon race. 
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