REVIEW ARTICLE

Pharmacovigilance in Ayurveda: Statistical Input for
Signal Detection
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A b s t r ac t
Aim: To review the intrinsic tenants available for safe drug usage in Ayurveda and to contextualize the statistical signal detection techniques
of current times in terms of Ayurvedic pharmacovigilance program.
Materials and methods: Streamlining the information to develop a database that differentiates between known adverse drug reactions (ADRs)
from hitherto unknown drug reactions per the standard definition of ADR. To introduce amicable statistical methods viz., Chi-square test, odds
ratio (OR), and logistic regression for signal detection.
Results and conclusion: The proposed method of developing a known ADR and safe drug usage practices described in Ayurveda that followed
the application of standard operating procedures for signal detection as per the pharmacovigilance program by applying statistical methods
suggested will ensure pragmatic signal detection.
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I n t r o d u c t i o n
The aim of Ayurveda is twofold viz., protection of health in
healthy individual and subsidence of morbidity in a sick person.1
The holistic approach of Ayurveda toward healthcare of humans
encompasses various aspects including safety and efficacy of
substances used externally and internally as food, medicine, selfcare, etc., among them the safety of drug usage is paramount;
and time and again Ayurvedic texts emphasize on the aspect
of safe usage of drugs/procedures by enlisting side effects/
contraindications/complications (vyapad) alongside indications
with respect to herbal/mineral/animal origin drugs as single entities
or in combinations. For example, Charaka Samhita explicitly states
that the science of life (Ayurveda) deals with substances that are
life promoting (Ayushyani) and harmful to life (Anayushyani);2 in
the same text, the plausible complications (vyapad) arising out of
therapeutic procedures viz., therapeutic emesis etc. and how one
must be prepared to handle them are vividly discussed.3
According to the Confederation of Indian Industry, in the year
2016, the total estimated market size of Indian Ayurveda industry
is US$3 billion, which includes both Ayurveda products (ethical,
classical, over-the-counter, personal care, and beauty products) and
service (medical, well-being, payer, and medical tourism services).4
Further, Ayurvedic pharmaceutical industry has an estimated
number of 7,698 pharmacies out of which only 0.4% are managed
by the government and the rest are managed by nongovernment
bodies.5 Although the entire process is highly regulated through
D&C 1940 (Chapter IVA, Provisions related to Ayurveda, Siddha
and Unani Drugs),6 the data about safety and efficacy and safety of
most of the patent and proprietary drugs licensed under Ayurveda
are elusive. Further, there is also no mechanism in place of drug
surveillance for these drugs after they are released into the market.
On the contrary, information about Shastric Drugs (generic) based
on the literature/narrative from accepted authoritative texts listed
under the First Schedule of D&C 19407 have the advantage of track
back system based on the textual narrative at least. In spite of this,
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there is every possibility of unforeseen effects/adverse drug events
while using this set of drugs.
Apart from this, unhealthy trends of use of Ayurvedic drugs
directly by the patients as self-medication or erroneous prescriptions
by registered Ayurveda8,9 practitioners or in the form of cross pathy
(use of synthetic/pure chemical-based drugs by Ayurveda physicians
and use of single-/multi-ingredient medicines based on Ayurveda
especially the patent and proprietary (P&P) category drugs by
biomedical practitioners) are a potential zone for triggering unsafe
drugs usage and the possibility of unwarranted drug10,11 reactions.
All these factors make it mandatory for us to apply the standard
protocol set for pharmacovigilance of Ayurveda, Siddha, and Unani
drugs.
Pharmacovigilance is a science for detection, assessment, and
prevention of adverse drug reaction (ADR) in any system of11 medicine.
For a longtime, pharmacovigilance is being practiced in the context
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of biomedicine. The World Health Organization (WHO) started this
program and a number of countries of the world are being reported
their ADRs, which arise due to the practice of allopathic medicine,
where India is also one of them. Concerning with this issue, the Indian
government also started a program for Ayurvedic pharmacovigilance
for the betterment of Ayurvedic drug practice on global acceptance.
This program has been running since 2010 in12 India.

S i g n a l
The main aim of any pharmacovigilance system is to find some
new ADR from certain drugs, and this phenomenon is also known
as signal.

C l a s s i c  WHO D e f i n i t i o n

o f “S i g n a l ”

“Reported information on a possible causal relationship between
an adverse event and a drug, the relationship being unknown or
incompletely documented previously. Usually more than a single report
is required to generate a signal, depending on the seriousness of the
event and the quality of the information”.13
A signal is essentially a hypothesis of a risk with a medicine,
with data and arguments that support it, data derived from one
or more of many possible sources. The evidence in a signal is not
conclusive (in the technical sense, uncertain) and is only an early
indication (preliminary), as it may change substantially over time
as more data accumulate.13

Hauben and Aronson Definition
“Information that arises from one or multiple sources (including
observation and experiments), which suggests a new potentially
causal association, or a new aspect of a known association, between
an intervention and an event or set of related events, either adverse
or beneficial, which would command regulatory, societal or clinical
attention, and is judged to be of sufficient likelihood to justify
verificatory and, when necessary, remedial actions”.14
The Council for International Organizations of Medical Sciences
(CIOMS) VIII definition [adopted by European Medicines Agency
(EMA)] is a slightly modified version of this, which is as follows:
“The definition of a signal as provided by the CIOMS working
group 8 is: “… information that arises from one or multiple sources
(including observations and experiments), which suggests a
new potentially causal association, or a new aspect of a known
association, between an intervention and an event or set of related
events, either adverse or beneficial, that is judged to be of sufficient
likelihood to justify verificatory action”.15

Process of Signal16 Management
The process of signal management in pharmacovigilance is a set
of activities that aim to determine the new risks associated with a
particular drug or whether risks associated with a particular drug
have changed the sources for the detection of signals can come from:
•
•
•
•
•
•
•
•

Spontaneous reporting
Active monitoring systems
Interventional studies (clinical trials)
Noninterventional studies (pharmacoepidemiology studies)
Nonclinical studies (e.g., animal toxicology studies)
Systematic reviews (i.e., thorough review of the published
literature)
Meta-analyses (i.e., mathematical pooling of all the clinical trial
data)
Other relevant sources
34

Examples of Signal Detection and Impact on Drug
Prescription
Pharmacovigilance is beneficial for public health that avoids such
medicine which shows serious ADR during practice. In allopathic
pharmacovigilance, a number of signals are detected from its
initiation, e.g., Stevens–Johnson syndrome due to paracetamol
practices, valproic acid responsible for slurring of17 speech.
In case of Ayurveda, the level of understanding about
pharmacovigilance is dismal. Per the study conducted by Prakash
et al., only 7% of Ayurveda physicians (n = 60) participated in the
study knew the definition of ADR and only 2% attempted to report
some sort of ADR. Further, many of the participants, i.e., up to 75% do
not know about the pharmacovigilance program meant for Ayurvedic
drugs.18 Further, till date notifications are available with respect to
ADR in Ayurveda, Siddha, and Unani systems of medicine in India.
This situation calls for immediate attention for developing
an appropriate signal detection and analysis system meant for
Ayurveda and also Siddha and Unani drugs.
The first and foremost prerequisite for developing this system
is to build a database of all classical and P&P formulations up to the
granularity of single drugs and their properties (part- and formwise)
along with toxic effects/side effects. Comprehensive work in this
direction for classical preparation has been attempted by Council of
Scientific and Industrial Research (CSIR)-Traditional Knowledge Digital
Library (CSIR-TKDL).19 However, per their policy currently the data are
only accessible to the National Patent officers. In this scenario, it is
prudent to pursue TKDL to provide access to authorized Ayurveda,
Yoga and Naturopathy, Unani, Siddha and Homoeopathy (AYUSH)
officials, or the Ministry of AYUSH should consider developing its
own independent database for this purpose. This will enable to cross
check whether an ADR arising due to the use of certain Ayurveda,
Siddha, Unani (A–S–U) drug is expected/documented already or is a
completely new one, so that it can be considered as signal.
The database should be comprehensive and also have the rigor
and schematic clarity as that of16 Vigiflow, which is developed and
maintained by Uppasala Monitoring Centre.20 This is the standard
reference database for all biomedical drugs across the world.
As of now in India two parallel PV programs are running, viz.,
(1) Pharmacovigilance Programme of India managed by the Indian
Pharmacopoeial Commission, Ministry of Health and Family Welfare,
Government of India, Ghaziabad.21 (2) The National Pharmacovigilance
Programme for Ayurveda, Siddha, Unani, and Homoeopathy Systems
of medicine under the aegis of the Ministry of AYUSH, Government of
India. Currently the All India Institute of Ayurveda (AIIA), New Delhi,
has been designated as the National Pharmacovigilance Centre for
this program.22 In this case, the former is well equipped with enough
manpower and expertise to collect, analyze, and report ADR. With
respect to A–S–U, although the technical expertise collates the ADRs
from all over the country, there seems to be a gap with reference to
the application of appropriate statistical methods for efficient signal
detection and notification. The scope of the paper is to suggest
suitable statistical methods for the same.

Statistical Methods of Signal Detection
The standard statistical methods utilized for signal detection are,
viz., the empirical-based geometrical mean used by the US Food and
Drug Administration; the information component (IC) value used
by WHO; and the Chi-square test, OR, and logistic regression17,23–25
Among them, the Chi-square test, OR, and logistic regression are
quite appropriate for signal detection of Ayurveda drugs.
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According to Ayurveda, the properties of śan.khapus.pi are,
viz., astringent taste (kas.āya rasa), hotness (us.n.a guna), having
rejuvenating (rasāyana), memory improving (medhya), virilizing
(vr s. ya), improving recall (smr tikara), improving skin color
˚
˚
(kāntiprada)
and appetite, and enhancing
the digestive capacity
(agnibalakara); it is indicated to treat psychological ailments
(mānasaroga), loss of memory/epilepsy (apasmāra) due to dos.a
vitiation, skin ailments (kus.tha), worm infestation (krimi), and
poisoning (vis.a).26
It is one of the widely marketed single-herb preparations
in the name of Ayurveda and consumed by people of all agegroups and gender. This is also one of the widely studied herbs
for herb–drug interaction especially with respect to decreased
concentrations of phenytoin when combined with the Ayurvedic
syrup sankhapuspi.27,28 Keeping in view of the same, it becomes
one of the best candidates to apply these statistical methods for
understanding ADRs reported for this herb.

Application of Chi-square
Chi-square is a well-known test for finding association between
two categorical variables. The parameter degree of freedom
for Chi-square test is determined by (Row-1)*(Column-1). If one
drug and one ADR is taken for the study, then the following
2*2 Table 1 gives the layout of analysis. In case of multilevel of
drug–ADR combination, the pattern of Table 1 becomes like 3*3,
3*2, 3*4, 4*2, etc., which can also be dealt with using multinomial
distribution. 29 Chi-square test gives the statistical significance
of association, which is also based on Chi-square distribution.
According to the theory of Karl Pearson, Chi-square distribution
may be used to test the agreement between observation and
hypothesis whenever the data are in the form of frequency.
Here the test concerns about two types of frequency, namely,
one is the observed frequency and the other is the expected
frequency. The observed frequency is the number of subject
in our sample that fall in various categories of the variable of
interest. Expected or theoretical frequencies are the number of
subjects based on our hypothesis. The test statistic for Chi-square
test is calculated as

 
2

O

ij

 Eij 

2

Eij

where
Oij is the observed frequency of the cell in ith row and jth column
Eij is the expected frequency of the cell in ith row and jth column
On the basis of the above formula, we find Chi-square values
and further p value will be found corresponding to the test values
on the basis of Chi-square distribution with degree of freedom
(Row 1)*(Column 1).
Table 1: One drug dose and ADR combination layout
Drug+
Drug−
Total

ADR+
a
c
a+c

ADR−
b
d
b+d

Total
a+b
c+d
a+b+c+d

Drug (+), no. of people exposed to drug; Drug (−), no. of people unexposed
to drug; ADR (+), no. of people experienced ADR; ADR (−), no. of people
not experienced ADR

The scope of Chi-square test is limited to the identification of
relationship between the drug and ADR. This test will not assess
the strength of association. 30
Hence, to find the strength of association, it is necessary
to take certain statistical measure of association, which is fit in
prescribed data structure, viz., relative risk and OR. Relative risk
can be considered only in case of incident data, i.e., if a group of
people is treated by certain drug from the same starting point of
time and followed up to the same time limit. In pharmacovigilance,
the data collection pattern does not follow this culture. So OR is a
better choice. Odds ratio is the ratio of two odds. 31,32

Application of Odd Ratio
Odds are defined by probability of occurrence of certain event/
probability of certain event not occurring. If p1 is the probability
of occurrence of ADR in the drug-exposed group and p2 is the
probability of occurrence of ADR in the drug not exposed group.
Then p1 = a/(a + b), similarly p2 = c/(c + d), then the odds for ADR
for the drug-exposed group is

p1
a  (a  b )

a b
1 p1 b  (a  b )
Similarly the ADR odds for the drug not exposed group is

p2
c  (c  d )

cd
1 p2 d  (c  d )
As in Table 1, the ADR odds when a drug had been taken is a/b,
and the ADR odds ADR when a drug had not been taken is c/d, then
the ADR OR when drug has been taken to the ADR odds when drug
had not been taken is

p1
1 p1
ad
OR 
 (a  b ) (c  d ) =
p2
bc
1 p2
To find the confidence interval (CI) of OR, it is necessary to
know the distribution of OR. But the actual distribution of OR is not
tractable; however, the logarithm (at base e) of it has been found
to be approximately normal; by this the standard error (SE) of log
(OR) is calculated using the following formula

SELog(OR) 

1 1 1 1
  
a b c d

With the standard format of CI ( Log(OR) ± 1.96*SE[Log(OR)]),
95% CI can be calculated. By taking the anti-log of the above
quantities, the original CI of OR can be calculated.

Application of Regression Analysis
Suppose multiple drugs are given to a patient and certain ADR is
raised, then identifying the drug that is responsible for the ADR
or interaction of the drugs is responsible for ADR, is the concern
of the pharmacovigilance system. Simple statistical methods as
discussed in earlier paragraph cannot cope with this question. The
answers of these questions can be drawn by regression33,34 analysis;
the concept and technique of regression analysis for analyzing the
association among several variables are natural extension of the
above-mentioned techniques. In multiple regression analysis, a
linear relationship exists between dependent and independent
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variables. In pharmacovigilance, the dependent variable is ADR and
the independent variable is the various drugs given to the patient.
According to the data pattern (e.g., nominal, ordinal, or continuous)
of the dependent variable, different types of regression analyses
are used. The dependent variables is ADR, namely, ADR present or
ADR absent, i.e., it involves only two possible outcomes. In such
situation, logistic regression analysis will be carried out to find the
effect of each drug in the presence of other drugs. The interaction
effect can also be found.
Suppose P is the probability of an ADR event occurring. If three
drug such as x1, x2, and x3 were simultaneously given to the patients,
then the following setup is used for the analysis:

 P 
Log 
 1x1   2 x2  3 x3  12 x1x2  13 x1x3   23 x2 x3  123 x1x2 x3
 1 P 
P
 e 1x1  2 x2  3 x3  12 x1x2  13 x1x3  23 x2 x3  123 x1x2 x3
1 P
e 1x1  2 x2  3 x3  12 x1x2  13 x1x3  23 x2 x3  123 x1x2 x3
P
1 e 1x1  2 x2  3 x3  12 x1x2  13 x1x3  23 x2 x3  123 x1x2 x3
where β1,·β2, and β3 are the regression coefficients for independent
drug effects of x1, x2, and x3. β12 gives the interaction effects of
drugs x1 and x2. Similar interpretation for β13, β23,·and β123 gives the
interaction effect of drugs x1,·x2, and x3.
Per the description of p1 and p2 in OR, suppose x1 is the
concern drug. To calculate the OR according to logistic regression
methodology when the concern drug is present, x1 = 1
*
p1
 e 1 1 2 x2  3 x3  12 x1x2  13 x1x3  23 x2 x3  123 x1x2 x3
1 p1

p1
 e 1  2 x2  3 x3  12 x1x2  13 x1x3  23 x2 x3  123 x1x2 x3
1 p1
And when the concern drug is absent, x1 = 0
*
p2
= e 1 0 2 x2  3 x3  12 x1x2  13 x1x3  23 x2 x3  123 x1x2 x3
1 p2

p2
= e 2 x2  3 x3  12 x1x2  13 x1x3  23 x2 x3  123 x1x2 x3
1 p2
e 1  2 x2  3 x3  12 x1x2  13 x1x3  23 x2 x3  123 x1x2 x3
= e 1
e 2 x2  3 x3  12 x1x2  13 x1x3  23 x2 x3  123 x1x2 x3
It gives Log (OR) = b1

It implies that OR =

It describes that the odds of ADR in drug x1 given category
e times are higher as compared to the odds of drug x1 without
the given category, where the remaining variables/drugs are at
constant level. Similarly other regression coefficient and OR can
be defined.
The multi-ingredients, viz., haridra (Curcuma longa)-rhizome
powder (1–3 g), amalaki (Phyllanthus emblica) fresh juice (10–15 mL),
and chandraprabha vati (250–500 mg), a well-known combination
for the management of madhumeha (diabetes mellitus),35 can be
a model to understand the plausible ADR in multicombination
treatment. Though this combination is very safe in usual parlance,
at times there may be instances of uncontrolled blood glucose
levels and minor side effects (ADR) such as dryness of skin, itch,
rashes, etc. One question arises here, i.e., whether the ADR caused
by either any drug or the interaction effect of drugs. The answer to
this question cannot be given by using the 2*2 platform as discussed
β1
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earlier. The answer to the above question can be given by using
logistic regression analysis.
The above-mentioned methods are described in classical
setup of statistics. In classical setup of statistics, the current
data are considered to describe the situation. Another inference
procedure in statistics is Bayesian inference procedure. 36 It not
only deals with current situation but also considers the previous
status of phenomena. This approach is more mathematical, but it
can enhance the capacity of researcher to detect a23,24 signal by
incorporating the previous information.

C o n c lu s i o n
The pharmacovigilance program intended for Ayurveda under the
aegis of the AIIA, New Delhi, states the purpose of the initiative in the
following lines: “The common myth regarding herbal medicines is
that these medicines are completely safe and can therefore be safely
consumed by the patient on his/her own, without a physician’s
prescription. This belief has led to large-scale self-medication by
people all over the world, often leading to disappointing endresults, side effects, or unwanted after effects. Hence, AYUSH
practitioners and consumers now need to be vigilant about the
safety monitoring of drugs in the interest of public health.” In
tune with the spirit of the objective, the paper attempts to review
the current status of pharmacovigilance program with respect
to Ayurveda. As per the published literature, it can be concluded
that as of now the understanding about this subject is very dismal
at this stage. Researchers from pharmacovigilance field9,11 opine
that, it is not easy to find the role of Ayurvedic medicine in certain
ADRs. This warrants for the need to sensitize Ayurveda Vaidyas and
other stakeholders to be vigilant and report ADRs diligently to the
scientific community. Further, it is also observed that there is a dire
need of developing a comprehensive database of Ayurveda drugs
with already known pharmacotherapeutic effects, indications,
contraindications, precautions for use, etc., similar to the Vigiflow,
so that any unpredictable/hitherto unknown arising from the use of
particular Ayurvedic drug can be properly detected and the signal
can be further tracked. To achieve this objective, the system has to
be supported with robust statistical methods viz., Chi-square test,
OR, and logistic regression in consonance with safe Ayurvedic drug
use tenants to facilitate pragmatic signal detections and further
notification of the same per the necessity.
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