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↑What is “already known” in this topic: 
Although prescribed chemical drugs have considerable positive 
effects on reducing migraine duration, their complications and side 
effects are not negligible. Coriander, as a herbal medicine, could 
have a significant effect on reducing migraine duration. However, 
becoming migraine-free is more important than reducing migraine 
duration, due to the fact that migraine is a chronic disease and 
imposes a great burden to the health system and society.   
 
→What this article adds: 

This paper showed that the probability of becoming migraine-free in 
the intervention group is significantly higher than the control group. 
Moreover, coriander has a more healing impact on migraineurs 
younger than 30 years old. The positive effect of coriander on 
migraineurs without aura was considerably higher than patients 
without aura. These results can only be obtained through a more 
appropriate and sophisticated statistical method which has been 
applied in this article.  
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Abstract 
    Background: Coriandrum sativum (coriander) is prescribed as a treatment for headache in traditional Persian medicine. Several 
investigations have been carried out to find the medicinal properties of this plant. However, no study has evaluated the effectiveness of 
this plant on becoming migraine-free.  
   Methods: Sixty-eight migraineurs were randomly allocated to two equal groups of intervention and control. Each received 500 mg 
of sodium valproate in addition to 15 mL of coriander or placebo syrup three times a day. We followed subjects and recorded their 
migraine duration in the 1st, 2nd, 3rd, and 4th weeks. We applied an appropriate statistical model so as to consider special features of the 
data, which led to more accurate results using SAS 9.4 
   Results: Our findings showed that the probability of being migraine-free was not only considerably higher in final weeks of the 
study (p<0.001) in all patients of the intervention group than placebo group, but it was also significantly higher in patients less than 30 
years of age compared to patients older than 30 years old. Migraine duration in migraineurs using coriander syrup reduced 
considerably during the study (p<0.001). 
   Conclusion: The finding of this study revealed that coriander has a significant effect both on the probability of being migraine free 
and the duration of migraine attacks. Its effects were more significant during the final weeks of study. 
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Introduction 
An extremely common symptom throughout the world 

is headache (1), and migraine as a third most common 
disorder is the second most common type of headache (2). 
Near 15% of the general population are affected by mi-
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graine during their lives, among whom 75% are women. 
Migraine attacks can cause functional disability in more 
than 90% of migraineurs (3). There are abundant preven-
tive treatments that are prescribed for patients with mi-
graine. However, many studies have illustrated that these 
chemical drugs have various complications, such as con-
stipation (4). Tremor (5), hair loss, and weight gain (6), 
profuse sweating (7), depression and orthostatic hypoten-
sion (8). Traditional therapies are applicable wherever 
conventional medicine is not able to treat the chronic dis-
ease effectively and without side effects (9).  

Use of herbal medicine during the last decades has in-
creased not only in developing countries, but also in de-
veloped ones, and it is being encouraged by World Health 
Organization (WHO), especially in chronic disease (10). 
Headache treatment in traditional Persian medicine dates 
back to the 6th century BC (11). One of the prescriptions 
of ancient Persian practitioners was Coriandrum sativum 
(C. sativum, coriander) fruit (12). Several investigations 
have been carried out to find the medicinal properties of 
this plant. They reported that coriander has antioxidant 
(13), and anxiolytic (14), effects. Compared with standard 
antioxidant—ascorbic acid—the antioxidant activity of 
coriander is remarkably superior (15). 

It has been shown that coriander contains micronutrient 
elements, which are well under the permissible limits de-
termined by FAO/WHO for human and could be suggest-
ed as a supplement (16). Numerous in vitro and in vivo 
studies conducted to investigate the pharmacological ef-
fects of coriander have illustrated that this plant has a 
great number of medicinal properties, such as antimicro-
bial, anti-inflammatory, anti-cancer, and analgesic activi-
ties (17). In addition, coriander is nutritionally valuable 
due to its high level of vitamin C, folate, vitamin A, vita-
min B12, and polyphenols (18, 19). 

Moreover, Linalool which is found in Coriander seed oil 
(20), has considerable effects on alleviating central nerv-
ous system disorders (21). An in vitro study on rats indi-
cated that coriander essential oil significantly improves 
spatial memory performance (22). It is also shown that 
linalool has sedative effects on human subjects (23), 
which can explain the headache-relief effect of coriander 
(24). 

As alluded earlier, impairment of daily activities, as 
well as less work capacity and comorbid disorders, caused 
by adverse effects of conventional treatments, impose 
substantial individual and social burden in almost all mi-
graineurs. Therefore, using preventive herbal medicine 
with significantly lower cost and fewer side effects could 
be a better choice.  

Despite a large number of studies carried out on mi-
graine, the effectiveness of herbal drugs on migraine at-
tacks has received less attention. We have not found any 
published papers on assessing the effect of coriander on 
becoming migraine-free during our literature review. For 
these reasons, we decided to conduct a study with two 
main purposes: first, determining the effectiveness of co-
riander on the duration of migraine attacks; second, as-
sessing the effect of this plant on being migraine-free. We 
also compared the risk of occurrence of migraine attacks 

in migraineurs younger than 30 years old with migraineurs 
older or equal to 30 years old.  

To reach these goals, a placebo-controlled clinical trial 
study has been conducted on 68 migraineurs who random-
ly received coriander or placebo syrup in addition to 500 
mg of sodium valproate. The number and duration of their 
migraine attacks have been recorded on a weekly basis for 
4 weeks.  

A variety of statistical methods have been proposed to 
analyze the longitudinal data, including generalized linear 
mixed models or marginal models. However, these ap-
proaches do not consider all features of the data, such as 
skewness and excess zeros. Two-part models, however, 
can deal with these characteristics via dividing models 
into two parts, each of which considers one of these fea-
tures. Compared with other models, using two-part model 
is a more general approach in a generalized linear mixed 
models framework. In this study, we applied these models 
not only to assess the effect of coriander on the reduction 
of duration and frequency of migraine attacks, but also to 
assess the probability of becoming migraine-free after 
undergoing this traditional treatment. 

 
Methods 
Data: In this article, we collected data during a prospec-

tive, two-arm, randomized, triple-blind, placebo-
controlled trial study. Sixty-eight migraineurs were ran-
domly allocated into two equal groups —34 patients in 
each group— of intervention and control using the ran-
dom permuted blocks of size 4, in a 1:1 ratio for randomi-
zation. Patients were between 18 to 45 years of age. The 
patients, physicians, and data analyst were unaware of 
each group’s treatment as it was a triple-blind study. The 
study was conducted in accordance with the Declaration 
of Helsinki and was approved by the Ethics Committee of 
Shahid Beheshti University of Medical Sciences. The ref-
erence number of ethical approval was 400/876. The pro-
tocol was registered in the Iranian registry of clinical trials 
and received the registration number: IRCT 
2012122511876N1. Subjects were informed about the aim 
of the study before recruitment. They also signed an in-
formed consent form.  

Among 135 patients with migraine attack who referred 
to the neurology clinic of Shohadaye-Tajrish hospital, 
Tehran, Iran, 87 patients with inclusion criteria were se-
lected. Of these patients, 19 individuals refused to partici-
pate in our study. The inclusion and exclusion criteria in 
all patients were assessed by a neurologist. Our population 
was migraineurs having migraine according to the interna-
tional headache society diagnostic criteria for at least 1 
year with at least four attacks per month. Pregnant women 
or those with the decision to become pregnant and lactat-
ing females were not allowed to take part. Patients with 
concurrent herbal or chemical treatment were not included 
in the study. Serious medical problems, such as cardiac 
disease or diabetes, were also considered as exclusion 
criteria. Also, People suffering from other kinds of head-
aches were also excluded. 

Participants received 500 mg of sodium valproate in 
both groups. Based on their allocation to each group, they 
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also received 15 mL of placebo or coriander fruit syrup 
three times a day for one month.  

 Having the total essential oil of dried coriander extract-
ed we used a Clevenger-type apparatus. Gas chromatog-
raphy (GC) and GC-mass spectrometry (GC-MS) methods 
have been used for analyzing. Its major components were 
82% linalool, 6% geraniol, 5% α-pinene, 3% β-pinene and 
1.5% thymol. To prepare the syrup total evaporated etha-
nol extract of coriander fruit with 100 mg evaporated eth-
anol extract for each 5 mL of syrup in the base of sucrose 
pharmacopeia syrup with brix of over 70% was used. For 
placebo, the same appearance, packaging and 
pharmacopeia syrup formula without coriander fruit ex-
tract was used. The placebo syrup was produced with the 
liquid-liquid method. 

For assessing quality control, syrups were produced by 
a pharmacologist. One placebo syrup and one coriander 
syrup were stored as controls. At each step of syrups’ pro-
duction, both placebo and coriander syrups were com-
pared with their controls. For assessing quality assurance, 
patients were evaluated and followed with a specialist 
through a pre-specified questionnaire. At the end of each 
week, their performance was given to the relevant profes-
sor. 

Initially, in addition to the duration of migraine attacks 
at baseline, their basic characteristics, and demographic 
information were recorded. Researchers asked patients to 
write the migraine attacks’ durations each week for four 
weeks. At the end of each week, they reported their head-
ache durations and any side effects to the clinic. After four 
weeks of follow up of the last patient, the sealed codes 
were decoded. This kind of data collected from one pa-
tient at several time points is called longitudinal data. A 
variety of statistical methods are suggested for analyzing 
longitudinal data including linear mixed models or mar-
ginal models, using generalized estimating equations. 

In the first stage, we applied a linear mixed model to fit 
the data. In order to check the adequacy of the model, we 
plot normal quantile and box plot of the standardized de-
leted residuals which showed the existence of skewness 
and outlier respectively. By plotting standardized deleted 
residuals against predicted values for this model, non-
constant error variance was apparent, which confirms that 
the applied model was not appropriate. One approach to 
solve these problems is finding outliers and introducing 
them to the model as dummy variables so as to consider 
their effects. We applied this method, but the mentioned 
plots did not change considerably. Another approach is 
adding a random effect for the group variable in the model 
in order to consider heteroskedasticity. Heteroskedasticity 
happens when the assumption of homoscedasticity is vio-
lated. These problems were not solved through these 
methods. 

The third approach is applying appropriate distribution 
for the outcome variable. The histogram of the response 
variable depicted in Figure 1 shows a non-normal distribu-
tion. Goodness of fit test for normal distribution (Kolmo-
gorov-Smirnov D test, p<0.01) also confirmed that our 
data were not distributed normally.   

As mentioned earlier, the outcome variable in this study 

has two distinctive features, which make the above ap-
proaches inappropriate. Firstly, a great number of zeros 
and secondly, positive values which are skewed. Statisti-
cians call these kinds of data semi-continuous. Statistical 
approaches assuming normal distribution for the outcome 
are inappropriate, because these methods do not consider 
excess zeros as well as the tendency of positive values to 
skewness. Furthermore, recoding the outcome into a di-
chotomous variable omits useful information. So, to deal 
with such data, two-part models were proposed. These 
models consider both zero part and positive part of the 
data in a united model. We applied probit/log-skew-
normal mixture model, as a special case, to take these 
characteristics into account (25). 

 
Statistical Analysis 
If  denotes a measurement related to  subject in 

time  and 0 and define   as an indicator function 1		 		 00		 			 	0, the probability density function of  

in probit log skew normal model is: 0 0 | 0      (1) 
The probit link function was used for 0 : 0 					, ⊆ 			, ⊆     (2) 
Where  is the standard normal cumulative distribution 

function (cdf),  is a vector of covariates, and  is 
a vector of regression parameters. 

Skew normal distribution was also used for the loga-
rithm of all positive responses.  0 ~ , , 				, ⊆ 			, ⊆        (3) 

 is the vector of covariates associated with the 
duration of migraine attacks for the ith subject in jth week. 

 is the vector of regression parameters in positive 
response part of the model. 

We have applied the above statistical model to assess 
the effect of explanatory variables on the duration of mi-
graine attacks. Factors having influence on the probability 
of being migraine free were also recognized. SAS soft-
ware, version 9.4 was used for fitting the model. P-value 
less than 0.05 was considered significant. 

 
Fig. 1. Histogram of the duration of migraine attacks 
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Results 
In our study, as Table 1 shows, among 68 patients in-

cluded in the analysis, 77.3% (n=51) of patients in both 
groups were female and 22.7% (n=15) were male. Mean 
age in intervention and placebo groups were 33.09±7.5 
and 31.03±7.2 years, respectively. Among all patients, 
83.3% (n=55) had migraine without aura— more than 
80% in each group. The trends of migraine duration across 
groups are illustrated in Table 2. Although migraineurs in 
intervention groups experienced substantially longer mi-
graine attacks on average compared to place group—about 
24 hours and 15 hours per week respectively—they had a 
considerably shorter migraine at the end of the study. 

Table 2 shows that the mean of migraine duration has 
reduced more than 23 hours from baseline until the 4th 
week of study in the intervention group, while it experi-
enced only 10 hours reduction in the placebo group over 
our study. Figure 2 also illustrates these differences. 

In general, the effect of coriander fruit on the duration 
of migraine attacks was assessed using probit/log skew-
normal model. Table 3 shows the results of fitting the final 
mixture model to migraine data. The interaction between 
time and group variable was significantly associated with 
the probability of having no migraine attack (probit sub-
model). It indicates that the probability of being migraine 
free was considerably higher in the final weeks of the 
study (beta= -0.496, p<0.001) in the intervention group 
compared to the placebo group. 

Figure 3 confirms this result. This figure illustrates that 
the probability of having no migraine attack in the 
intervention group increased considerably more than the 
placebo group during the study. As Table 4 illustrates alt-
hough the probability of becoming migraine-free was 
0.0001 in baseline in both treatment groups, these proba-
bilities increased to more than 0.84 and just over 0.17 in 
intervention and placebo groups, respectively.  

Duration of migraine attacks was also associated with 
weeks of follow-up, and the interaction between the week 
of follow-up and treatment group. It reveals that mi-
graine duration in migraineurs using coriander fruit syr-
up reduced considerably during the study (p<0.001, be-
ta=-0.471).  

It can also be inferred from Table 3 that years from the 
onset had positive significant effects on migraine duration 
(p=0.0004, beta=0.076), which means that people diag-
nosed with migraine for a longer time suffered headache 
for more hours. Skewness parameter reported as  in this 
table was highly significant (p=0.001, estimated = -0.401) 

This result approved using a model which considers 
skewness. To test the hypothesis: , our final 
model has also been compared with probit/log-normal 
model using the likelihood ratio test. Chi-square test sta-
tistics of the likelihood ratio is equal to 11.6, p<0.001.  

In addition to regression coefficients and their standard 
errors, Table 3 contains other parameters, each of which 
possesses a special feature. For instance, the variances of 
random effects in the two model components—  and 

— were highly significant indicating the random ef-
fects were required to consider the correlations among 
measurements of the same migraineur in the model 
(p<0.001). 

The negative covariance between the two random ef-
fects has an appealing interpretation: the longer the mi-
graine duration, the lower the probability of becoming 
migraine-free ( . However, 
this parameter estimate is not statistically significant in 
our model.  In addition, AIC and BIC were both smaller in 

 
Table 1. Demographic characteristics of patients in the study 
Variable Category Intervention Control Total p 
Gender† Female 26(78.79) 25(75.76) 51(77.27) 0.769 
 Male 7(21.21) 8(24.24) 15(22.73) 
Marital status† Single 9(27.27) 15(45.45) 24(36.36) 0.125 
 Married 24(72.73) 18(54.55) 42(63.64)  
Type of migraine† Without Aura 27(81.82) 28(84.85) 55(83.33) 0.741 
 With Aura 6(18.18) 5(15.15) 11(16.67)  
Age‡(year)  33.09±7.51 31.03±7.20 32.06±7.37 0.259 
†Number (%) 
‡ Mean±sd 
 
Table 2. Migraine duration across treatment group 
Time Intervention Group Placebo Group 
Baseline 23.94 ± 19.96 14.94 ± 13.95 
First Week 8.03 ± 0.85 10.7 ± 7.88 
Second Week 3.57 ± 2.53 8.4 ± 5.24 
Third Week 0.98 ± 1.27 6.84 ± 4.80 
Fourth Week 0.15 ± 0.43 4.17 ± 3.74 
Data are presented as mean±SD 

 
Fig. 2. Migraine durations’ trends across treatment groups 
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our model compared to probit log-normal model confirm-
ing the superiority of our model. 

We applied our statistical model in migraineurs younger 
than 30 years old and equal to or more than 30 years old 
separately. Our model showed that the duration of mi-
graine attacks of patients in the intervention group de-
creased considerably compared to the placebo group in 
both age categories. 

However, as Table 4 illustrates, the coriander syrup has 
a more healing impact on patients less than 30 years old, 
especially in the last week of their treatment period. We 
approved this finding using independent sample t-test to 
compare the probability of becoming migraine-free in 
these age groups (p<0.001). Figure 4 and Table 5 demon-
strates this difference clearly. 

Moreover, some marginal evidence revealed that the 
probability of being migraine-free in migraineurs without 
Aura is greater than migraineurs with aura which is shown 
in Figure 5 and Table 6. 

 

Table 3. Results of probit and log skew normal sub-models 
 Probit p Log-skew normal p 

 5.033 (0.906)* <.000 1 2.866 (0.191) <.000 1 
 -0.857 (0.177) <.000 1 -0.248 (0.024) <.000 1 	 -0.496 (0.112) <.000 1 -0.47 (0.039) <.000 1 	 	  0.932 (0.532) 0.085 0.083 (0.216) 0.702 0 	 	  0.054 (0.044) 0.228 0.076 (0.021) 0.000 4 

 -0.262 (0.405) 0.519 -0.159 (0.194) 0.413 0 
σ†   0.384 (0.051) <.000 1 

 ‡   -0.401 (0.119) 0.001 0 
⁕ 0.681 (0.482) 0.162  
⁕  0.375 (0.079) <.000 1 
×  -0.014 (0.121) 0.905 0 

-2 Log Likelihood 606.300  
AIC¥ 640.300  
BIC § 677.500  
*Parameter estimates (Standard Error) 
†Scale parameter of the model 
‡Skewness parameter 
⁕Random effects variance 
×Random effects covariance 
¥Akaike Information Criteria 
§Bayesian Information Criteria 
 
Table 4. Probability of becoming migraine-free across treatment groups 
 
Treatment  

Time 
Baseline 1st week 2nd week 3rd week 4th week 

Intervention 0.0001 0.0078 0.1066 0.4559 0.8408 
Placebo 0.0001 0.0014 0.0107 0.0521 0.1736 

 
Fig. 3. Probability trends of becoming migraine-free across treatment 
groups 
 

 
Fig. 4. Probability trends of becoming migraine-free across age and 
intervention categories 
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Fig. 5. Probability trends of becoming migraine-free across treat-
ment groups and migraine type 
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Discussion 
Migraine attacks can affect migraineurs’ routine activi-

ties in their most productive years of life. It can even lead 
to social and economic ramifications for governments. In 
studies concentrating on estimating indirect cost and bur-
den of migraine, the missed workdays and impaired work 
performance were used (26). Moreover, in order to calcu-
late the lost-labor cost, which is the monthly cost of re-
duced productivity attributable to working with migraine, 
the frequency of migraine attacks as well as the number of 
hours they worked with migraine each time they had a 
migraine attack per month were estimated (27). So, not 
only it is important to reduce migraine duration, but also 
finding a treatment through which migraineurs could be-
come migraine-free is crucial.  Coriander fruits extract as 
an herbal treatment in traditional Persian medicine was 
commonly prescribed to treat headaches (12).  

In most cases, researchers apply less sophisticated sta-
tistical methods, such as GEE, to evaluate the effect of the 
intervention on their outcomes (24). Although they can 
illustrate that their intervention has a desirable effect, they 
do not pay attention to their data characteristics. In our 
study, not only the effect of coriander syrup on migraine 
duration has been assessed, but also through using our 
statistical model, we determined factors influencing on 
becoming migraine free. We applied a mixture model, 
which calculated this effect. Moreover, we considered the 
correct distribution of the data, which results in more ac-
curate inferences (25, 28). 

Our findings revealed that this plant could significantly 
reduce migraine duration and considerably increase the 
probability of being migraine-free that is in accordance 
with the study in Sri Lanka reporting the analgesic effect 
of coriander on human, which is used in a traditional for-
mula called Maharasnadhi Quather (MRQ) (29). 

In a study on adult mice, the effect of linalool to manage 
persistent pain has been illustrated (30). This study 
showed that chronic pain could be relieved through the 
hindrance of nociception evoked inflammatory mediators. 
In some other studies, the significant effect of essential oil 
of lavender on migraine, which contains a large amount of 
linalool was also illustrated (31). Since in our study the 
main component with the highest proportion was linalool, 
the existence of linalool in both coriander and lavender, 
because of its sedative effect could describe their efficien-
cy on treating migraine (32). 

Moreover, linalool has been recognized as an agonist of 
one of the transient receptor potential family —TRPM8— 
activated by low temperatures and cooling agents (33). 
Studies conducted on this gene revealed that it could be 
one of the migraine probable genes (34). 

A placebo-controlled trial study on the extract of a spe-
cial butterbur root for prevention of migraine on 60 pa-
tients suffering from migraine demonstrated a significant 
effect of this plant on reducing the number of migraine 
attacks (35). It can be caused by the anti-inflammatory 
effect of its main ingredients, such as petasin and 
isopetasin (36). This anti-inflammatory feature can also be 
seen in coriander in many studies (37). It could describe 
the effectiveness of this herbal treatment. Feverfew, cori-
ander, and lavender reduce the frequency of migraine at-
tacks through decreasing nitric oxide production level in 
their brain. Although nitric oxide is essential for the 
human body, its high level can cause migraine attacks 
(38). 

Fortunately, we do not have any observed or recorded 
side effects. This could be because of the fact that our 
population is young and healthy with a mean age of 32 
years old. Another reason might be because of our short 
follow-up time. Our subjects received the placebo or cori-
ander syrup for only one month. Therefore, one of the 
limitations of our study is that the long-term efficacy of 
coriander could not be discussed in our study. Since a 
reliable method to evaluate the efficacy and safety of a 
herbal drug is to conduct several well-designed clinical 
trials (10), it is suggested to perform clinical trial studies 
with larger sample size and longer periods for follow-up 
in different regional areas which will assist researchers in 
generalizing their findings to a wider population. 

 
Conclusion 
All in all, our study revealed that coriander could have 

short-term effects on reducing the risk of migraine attacks 
as well as migraine attacks’ duration and frequency, espe-
cially in migraineurs less than 30 years old. Thus, it could 
be considered as a probable effective treatment for mi-
graine without having the side effects of chemical drugs.  
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Table 5. Probability of becoming migraine-free across age and treatment groups 
Age groups Treatment Time 

Baseline 1st week 2nd week 3rd week 4th week 
Less than 30 years old Intervention 0.0000 0.0000 0.0762 0.6186 1 
More than or equal 30 years old Intervention 0.0015 0.0191 0.1160 0.3724 0.7049 
Less than 30 years old Placebo 0.0000 0.0000 0.0000 0.1552 0.2622 
More than or equal 30 years old Placebo 0.0002 0.0015 0.0070 0.0259 0.0752 
 
Table 6. Probability of becoming migraine-free across migraine type and treatment groups 
Migraine type Treatment Time 

Baseline 1st week 2nd week 3rd week 4th week 
Migraine with Aura Intervention 0.0724 0.0900 0.1106 0.1343 0.1614 
Migraine without Aura Intervention 0.0196 0.0762 0.2067 0.4082 0.6208 
Migraine with Aura Placebo 0.0275 0.0454 0.0717 0.1082 0.1565 
Migraine without Aura Placebo 0.0000 0.0010 0.0222 0.1105 0.2900 
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