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Introduction
With a worldwide population of 387 million (8.3% of world 
population) predicted to reach 592 million by 2035,[1] diabetes 
mellitus is undoubtedly a fastest‑growing public health 
challenge of the 21st century. Diabetes has a disproportionate 
global distribution with approximate 77% of its total burden 
shouldered in low‑ and middle‑income countries. India 
and China are two big homelands for diabetes. India alone, 
currently, homes 69 million diabetic people and is expected 
to double this number by the year 2040.[2,3]

Diabetes is an important public health menace from many 
perspectives. Its high morbidity, mortality, economic impact, 
resource consumption, systemic complications, silent yet 
progressive nature, and less curative options listed it among 
most searched and researched disease entity by the common 
people and by the global scientific community alike.[4,5]

The WHO predicted 50% increase in deaths from diabetes 
over the next 10 years and by 2030, predicts it to be the 

7th leading cause of death worldwide.[6] Existing treatment 
strategies have been unable to stop the progressive course 
of diabetes and to prevent the development of its chronic 
complications. This current scenario of diabetes is likely to 
worsen in the coming decades. A pragmatic way to deal with 
diabetes could therefore be its absolute prevention by avoiding 
the risk factors and selective prevention by getting alarmed 
of the warning signs during the prediabetic stage.[7] Such 
prevention in Indian context seems more worthy by knowing 
that India has 10%–15% prediabetes prevalence with possibly 
world’s highest prediabetes into diabetes conversion rate (18% 
prediabetic every year in India convert into overt diabetes). 
Diabetes onset in India is nearly two decades earlier comparing 
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to rest of the world. This further warrants the possibility of 
a more aggressive diabetes phenotype pertaining to this very 
part of the globe.[8]

How the prediabetics may be prevented from being converted 
into overt diabetic? To find a strategic reply for this question, 
it is need to understand that how the prediabetes is screened 
and diagnosed conventionally. Prediabetes is actually the stage 
of erratic glucose tolerance in response to food. Overtly, this 
is a subclinical condition, marked only by subtle blood sugar 
level changes although a bit higher but have not reached to 
the level qualifying to be called as diabetes. During this stage, 
there are no obvious clinical features which may eventually be 
called as warranting or alerting signs which can actually help 
the patient to understand about the possible impending doom 
in the form of diabetes.

Interestingly, Ayurveda in reference to Prameha, a clinical entity 
having resemblance to diabetes, presents a vivid description 
about disease Purvarupa. Purva Rupa (Purva = prior; 
Rupa = features), as per Ayurvedic understanding, are the subtle 
clinical features which arrive before the full manifestation of 
a disease. These may be considered as the telltale signs of 
the upcoming disease in the normal course of pathogenesis 
progression.

For an Ayurvedic physician, however, Purvarupa also arrive 
as an opportunity to act early and proactively through their 
timely identification which may remain unnoticed in case of 
unawareness about such features and their relation to upcoming 
disease.

Any retrospective presence of Prameha Purvarupa among 
diabetes people may come as a clue about the possible 
appearance of such features as a consequence of the process of 
diabetes development. Such knowledge may eventually help us 
developing an advisory on the basis of such warning features 
as the telltale of upcoming diabetes. A timely observation may 
eventually help one make effective changes in the lifestyle and 
other routines so that the pathogenic progress may be arrested.

The other approach to prevent diabetes could be more generic 
and is based on the prevention of risk factors found to have an 
association with the development of diabetes. Identification 
of the risk factors having a potential of promoting the 
development of diabetes in future and finding the effective 
ways to reduce those risk factors could therefore be the first 
practical measure required to be taken in this situation.

Type 2 diabetes precipitates through a complex multifactorial 
process incorporating multiple lifestyle and food‑related 
factors. Randomized clinical trials have demonstrated that 
type 2 diabetes can largely be prevented through diet and 
lifestyle modifications. Personalized primary prevention 
among high‑risk individuals to prevent the transition to overt 
diabetes is therefore an attractive alternative to reduce the 
diabetes‑related morbidity and mortality. To make a feasible 
translation of this hypothesis, this is however important 
to identify the high‑risk individuals among the general 

population. Many efforts have been made to identify such 
risk factors on the basis of population‑based surveys and 
cohort studies. This is noticed that for diabetic patients, 
most of such studies focused around sedentary lifestyle and 
high‑calorie diet as potential precipitating factors. It is, at this 
point, interesting to note that Ayurveda proposes an exhaustive 
list of possible factors leading to Prameha in general and 
Madhumeha in particular, a condition akin to diabetes of 
modern biology.

Besides lifestyle and dietary factors, few other noteworthy 
factors from Ayurveda leading to diabetes are Vegadharana 
(suppression of natural urges); stress, anger, and sleep 
disturbances. Ayurveda also proposes a genetic linkage of 
diabetes by indicating it as a Sahaja (present since birth) and 
Anushangi (irreversible and progressive) disease. Considering 
the diverse etiopathogenesis of diabetes, such additional causes 
look important and are required to be enquired if they also play 
a role in diabetes precipitation.

Within a population pool, large number of confounding factors 
may work together relating to the precipitation of diabetes. 
This is however obvious to see that among those exposed, 
only those who are genetically susceptible, develop diabetes 
in the subsequent part of their life.

This susceptible “prediabetic” population has become the focus 
of diabetes prevention studies[9] worldwide for its possibility 
of preventing or delaying the impending diabetic conversion 
through identifying the links between various confounding 
factors such as food and lifestyle and diabetes.

After a thorough review of Ayurvedic literature to list all 
possible risk factors enumerated as the Hetu (causes) of 
Prameha and Madhumeha, a case–control study was planned 
to see any predominance of such factors in a recently diagnosed 
diabetes population comparing to the healthy matched controls. 
The study was able to show alarming association between 
many such factors which had been repeatedly stressed by 
Ayurveda for their possible association with Prameha but have 
not been translated so far contextually for its practical usage.

Materials and Methods
Type of study
This is an observational matched case–control study.

Definition and selection of cases
The “case” for the present study was defined as a newly 
diagnosed (of not >2 years duration between the first diagnosis 
and the time of registration) case of type 2 diabetes with no 
complications or no other coexisting significant illness.

Diagnostic criteria for type 2 diabetes
The following American Diabetic Association criteria was 
adopted for the diagnosis of diabetes:[10]

1. Symptoms of diabetes + random plasma glucose 
≥200 mg/dl (classical symptoms of diabetes include 
polyuria, polydipsia, polyphagia, and unexplained weight 
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loss and random is defined as any time of day, without 
regard to the time since the last meal)

2. Symptoms of diabetes + fasting plasma glucose level 
≥126 mg/dl (fasting is defined as no calorie intake for at 
least 8 h).

For every prospective volunteer (case and control) coming 
under the respective inclusion criteria, random blood sugar 
test was done with the help of glucometer (Accusure). Those 
who had there plasma glucose level within the normal range of 
random blood sugar (RBS), that is, <200 mg/dl were registered 
as the participants in the control group and those who had 
abnormal range of plasma glucose level were enrolled as cases. 
The cases were further investigated for fasting plasma glucose 
level to confirm diabetes. The values of fasting plasma glucose 
for confirmation of diabetes were as follows:

Plasma glucose fasting equal to or more than 126 mg/dl.

Source of cases
The cases were recruited from the State Ayurvedic College 
and Hospital, Lucknow. It included the patients fulfilling the 
eligibility criteria attending the hospital within the specified 
study period. Besides this, the cases were also recruited from 
the general population on the basis of eligibility measures 
establishing the diagnosis of type 2 diabetes.

Eligibility criteria for the cases
• Newly diagnosed type 2 diabetes patients having a history 

of the disease for <2 years
• Age – 30–50 years
• Sex – Either of male and female (nonpregnant and 

nonlactating females)
• Patients willing to participate in the study.

Exclusion criteria for the cases
• Cases of type 2 diabetes having a history of the disease 

for >2 years
• Age – <30 and >50 years
• Having complications of diabetes such as vertigo and 

weakness
• Having any other illness which might be interfering with 

lifestyle and food habits
• Patients not willing to participate in the study.

Definition of control
“Controls” for this study were the people fulfilling all the 
eligibility criteria as was established for “cases” except that 
they were healthy (nondiabetic as well as not having any 
other disease grossly affecting the lifestyle and food habits). 
Controls belonged to the same age group and were obtained 
from the same population pool. By definition, the controls 
were normal healthy volunteers having an equal opportunity 
of getting exposed to all the risk factors under the inquiry of 
this study as the possible factors leading to type 2 diabetes.

Screening of “controls” to assure them being nondiabetic
Every control was investigated to assure them not being 
suffering from the type 2 diabetes. A random plasma 

glucose (RPS) test was done on every control for this purpose 
with the help of a glucometer (Accusure). Those who had the 
normal range of RPS were recruited for the study.

Source of control
Controls were selected from the nearby healthy population and 
the recruitment was done within a specified period of the study.

Eligibility criteria for the control
• Healthy volunteers not having type 2 diabetes or any other 

specific illness affecting their food and lifestyle choices
• Age – 30–50 years
• Sex – Either of male and female (nonpregnant and 

nonlactating females)
• Persons willing to participate in the study.

Exclusion criteria for control
• Volunteers suffering from any such illness that has a 

potential to interfere with lifestyle and food habits
• Age – <30 and >50 years
• Volunteers not willing to participate in the study.

Development of the questionnaire
A thorough review of all etiological factors related to Prameha 
mentioned in Brihattrayi (three renowned classics of Ayurveda, 
namely, Charaka Samhita, Sushruta Samhita and Ashtanga 
Samgraha) was done. Concerned factors were identified and 
grouped under various categories such as lifestyle related, food 
quality related, and food intake related. Textual references were 
simplified into common language with the help of Sanskrit 
language experts and then it was appropriately edited. On the 
basis of this simplified text, a detailed questionnaire was framed 
in order to explore various lifestyle and food‑related tendencies 
among the enrolled participants. Initially, the questionnaire 
contained 14 questions related with lifestyle and 27 questions 
related with food quality and intake. This questionnaire was 
subjected to a content validity and feasibility analysis through 
a pilot test. Subsequent to the pilot test, appropriate language 
corrections and modifications were done in the questionnaire 
and a final questionnaire containing 14 lifestyle‑related 
questions and 32 food quality and intake‑related questions 
was prepared.

Setting of the study
The cases were screened as per the inclusion criteria from State 
Ayurvedic College, Lucknow, and from nearby area with the 
help of some private practitioners. To inform the prospective 
participants for registration in the study, notifications and 
banners were placed at few points in the concerned hospital.

Controls were registered from the healthy population working 
or studying at State Ayurvedic College, Lucknow. Additional 
controls were registered from the healthy population residing 
nearby.

Execution of the study
Every registered case or control was given the questionnaire 
developed for the study and was asked to give the most 
appropriate reply in reference to the particular question. The 
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interview was carried out by a qualified Ayurveda physician 
who was involved in the process of questionnaire development. 
The interviewer remained available during the process in order 
to resolve any query related to any question. The completion 
of the questionnaire in each case took about 25 min in average. 
On the completion of the study, all the questionnaires were 
screened for their completeness or incompleteness and 
subsequently subjected to the appropriate data analysis.

Statistical analysis
Relative risk assessment in the study was done with the help of 
obtaining odds ratio (OR) of association of specific risk factor 
with a definitive outcome. This OR is calculated considering 
confidence interval as 95%. Besides this, a demographic 
analysis of cases and controls in reference to their age and 
gender was also done. The OR analysis was initially planned 
to be done on a case to case match basis, but practically, it 
was done as a group match in two distinct age groups matched 
with gender.

Results and Observations
In total, 82 patients of recently diagnosed type 2 diabetes 
fulfilling the inclusion criteria for the study were screened for 
the participation in this study. Among these, 50 had given their 
consent for participation. On introduction of the questionnaire 
designed for the study, five prospective participants expressed 
their inability to complete it because of the time required for 
its completion. Therefore, 45 patients were finally enrolled in 
the study and were given the questionnaire for their respective 
responses. Among these, 12 responses were found incomplete 
and hence eliminated from the study. Rest 33 responses were 
analyzed statistically.

Approximately, 100 normal healthy people fulfilling the criteria 
of control as specified for the study were approached for their 
possible participation in the study. Among them, 80 have given 
their consent to participate. Among those, 20 subsequently 
refused to participate because of lack of time. Responses of 
60 control participants were finally recorded. Among these, 8 
responses were found incomplete and hence eliminated from 
analysis. Rest 52 completed responses were used for further 
statistical analysis [Figure 1].

Matched and unmatched analysis
Among 33 registered cases, 25 were male (75.8%) and 8 were 
female (24.3%). Among 52 controls, 31 were male (59.6%) 
and 21 were female (40.4%). To make a better analysis of the 
data, 1:1 match was adopted for cases and controls. Initial 
matching was done on the basis of gender determination, and 
subsequently, the age matching was also done by considering 
the whole population of case and control into two major 
groups, namely, younger age group (30–40 years) and older 
age group (41–50 years) [Tables 1 and 2].

As a result, 24 matching pairs of cases and controls were 
identified that were further considered for the statistical 
analysis.

Association of various proposed etiological factors with 
diabetes
Among all the questions inquired in the interview, 18 turned 
out to be of relevance to the study outcome [Table 3]. Among 
all the inquiries made, stress and anxiety (OR: 7.86:1), 
anger (OR: 5.9:1), irregular food intake in terms of timings 
(OR: 3.8:1 and 3.5:1), exposure to heat (OR: 4.6:1), 
consumption of milk (OR: 3.5:1) and curd (OR: 4.2:1), and 
consumption of excessive liquids (OR: 4.52:1) were found 
more associated with diabetes occurrence comparing to their 
absence. Among these all factors showing a high OR, stress 
and anger were found statistically significant (P = 0.0173 and 
0.0145, respectively). The study could not reveal any significant 
association of sleep disturbances, skipping of meal, excessive 
sitting hours, and consumption of Ghrita (ghee) and meat with 
the occurrence of diabetes. Exercise and exposure to sunlight 
were found partially protective from diabetes although not to 
the extent of statistical significance (OR: 1:2.87 and 1:2.14).

Table 1: Unmatched total cases and controls

Age 
(years)

Cases (n=33) Controls (n=52)

Male Female Male Female
30‑40 11 3 25 17
41‑50 14 5 6 4
Total 25 8 31 21
% 75.76 24.24 59.62 40.38

Table 2: Cases and Controls after matching on the basis 
of gender and age group

Age 
(years)

Cases (n=24) Controls (n=24)

Male Female Male Female
30‑40 11 3 11 3
41‑50 6 4 6 4
Total 17 7 17 7
%age 70.83 29.17 70.83 29.17

Figure 1: Study Flow Chart
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Discussion
An elaborate description of etiological factors (Hetu or Nidana) 
referring to various diseases is something unique to Ayurveda. 
Most Ayurveda texts, for this purpose, have dedicated complete 
chapters in the section of Nidana dealing precisely with various 
causes of disease and the clinical presentations in accordance 
with different causes. Such causes sometimes are elaborated 
generically, referring to a class of pathogenesis, for example, 
the factors causing a particular Dosha excess or depletion 
leading to the pathogenesis marked by such Dosha excess 
or deficit. Such causes and their effects can be precisely 
understood on the basis of hyper‑ and hypofunctioning of the 
designated Dosha. Such pathogenesis where a clear cause and 
effect relationship could be established on the basis of existing 
knowledge is precisely called as Prakriti Sama Samaveta 
pathogenesis.

On the other hand, there can be factors, directly incriminating 
a specific outcome in the form of a disease. Such Hetu may be 
pathognomonic for a particular disease although may not be 
explainable on the basis of usual Dosha Dushya connotation. 
This is however largely agreed that, whatever the cause of a 
disease may be, the first principle of treatment always remains 
the same and revolves around the aversion of causative factors.

Causative factors for aversion, in this context although look 
highly promising to avoid diseases at one end and to promote 
the healing on the other, are actually highly complex to be 
translated in the practice in the absence of studies establishing 
the cause and effect relationship between the proposed cause 
and eventual outcome to its exposure.

Observational studies such as case–control or cohort studies 
in a prospective or retrospective manner may eventually 
give a clue in such conditions to establish a possible link 

between the proposed cause and the outcome in question if a 
high association is found in cases comparing to the identical 
controls.

Working on the similar principles, this case–control study was 
able to find some alarming associations between a few food 
and lifestyle‑related factors as are depicted in Ayurveda for 
their possible association with diabetes.

Importantly, many of these factors explored in the study for 
their possible links with diabetes have not previously been 
explored and hence remained unnoticed so far.

Association of anxiety (Udvega), grief and stress (Shoka), 
anger (Krodha), habit of untimely food intake (Vishamashana), 
and taking meal before the digestion of previous meal 
(Adhyashana), excessive exposure to heat and fire, and 
consumption of specific foods such as milk and its products 
including curd with diabetes was found higher in the study 
among the people suffering with diabetes comparing to the 
normal healthy controls.

The study proposed stress as the single largest factor having a 
strong association with diabetes. An OR of 7.86:1 among cases 
and controls for having exposed to high stress or not was clearly 
indicative of 7.86 times greater possibility of developing 
diabetes among those who are highly stressed. Stress has long 
been known for its detrimental effects on metabolism. The 
effects of stress on glucose metabolism are mediated through 
a “counter‑regulatory” mechanism resulting in elevated 
plasma glucose levels and decreased insulin action.[11] Further 
to this, in diabetes, because of a relative or absolute lack of 
insulin, stress‑induced increase in plasma glucose does not 
get adequately metabolized. Hence, stress remains a potential 
contributor to chronic hyperglycemia in diabetes responsible 
for many of its complications.

Table 3: Odds ratio between cases and controls for their exposure to various etiological factors

Etiological factors Odds ratio CI (95%) P
Exercise (yes/no) 1:2.87 0.10‑1.14 0.1425
Sleep (adequate/excessive) 1:1.4 0.1417‑3.6 1.0
Suppression of natural urges (yes/no) 2.5:1 0.636‑9.82 0.3177
Excessive exposure to sunlight (yes/no) 1:2.14 0.1364‑1.5963 0.35
Fasting (yes/no) 1: 1.24 0.2259‑2.900 1.0
Stress and Anxiety (yes/no) 7.86:1 1.49‑41.30 0.0173
Anger (yes/no) 5.9:1 1.54‑22.58 0.0145
Physical activity (excessive/normal) 1:1 0.31‑3.21 1.0
Untimely food intake (yes/no) 3.8:1 1.06‑13.51 0.068
Re‑intake of food before the digestion of previous one (yes/no) 3.5:1 0.798‑15.34 0.1681
Exposure to heat (excessive/normal) 4.6:1 0.4744‑44.60 0.3475
Duration of sitting in a day (excessive/normal) 1.18: 1 0.3782‑3.71 1.00
Consumption of Ghrita (excessive/normal) 1:1.69 0.18‑1.9 0.5556
Consumption of meat (yes/no) 1.65:1 0.53‑5.18 0.5639
Consumption of green leafy vegetables (excessive/normal) 1:2.09 0.04‑5.66 1.00
Consumption of milk and related products (excessive/normal) 3.5:1 0.8‑15.34 0.1681
Liquid food and drink intake (excessive/normal) 4.52:1 0.83‑24.65 0.1365
Consumption of curd and its products 4.2:1 0.97‑18.18 0.0933
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Stress also results in erratic eating behavior causing weight 
gain and hence exposing the person on a direct risk of diabetes 
due to subsequent insulin resistance.[12]

The study proposes pervasive anger as another potential cause 
linked with diabetes. The OR between pervasively angry mood 
and its absence was 5.9:1 suggestive of about six times higher 
possibility of developing diabetes among those having bad 
temperament. Anger can be extremely destructive emotion 
with a detrimental impact on physiology as well as on mental 
and emotional well‑being. Anger initiates the stress response 
within the body causing blood sugar levels to rise. This is how 
anger also proposes to be a potential contributor to chronic 
hyperglycemia in diabetes.[13]

Untimely, food intake is also a commonly seen eating practice 
today. The study has shown that this habit of untimely food 
intake was more prevalent in cases comparing to the controls. 
People having frequent practice of untimely food intake were 
found 3.8 times more susceptible for developing diabetes 
compared to those who had a regular and timely food intake 
habit.

Eating at inappropriate time is a real health risk and diabetes 
is one among them. It should be understood that diabetes is 
essentially the inability to maintain uniform glucose levels 
in the body. Food habit that induces unwanted changes in 
blood glucose levels is eating at irregular intervals. Insulin 
action usually rises and falls rhythmically in accordance to 
the biological clock.[14] Major meals, therefore, are required to 
be eaten at almost same time to prevent fluctuations in blood 
sugar levels. An inappropriate and irregular meal pattern may 
disrupt the biological rhythm of insulin release and may lead 
to erratic glucose metabolism.

Food reintake before the previous one is digested (Adhyashana) 
is one specific etiology perceived by Ayurveda as the cause 
of many diseases. An OR of 3.5:1 noted for this observation 
referring to diabetes proposes that people having a food 
reintake habit without allowing the previous meal to digest 
have 3.5 times greater possibilities of developing diabetes. 
Although association of Adhyashana with various diseases 
finds a thorough mention in Ayurveda, modern science fails 
to identify any such etiology and its association with diseases.

Continuous long duration exposure to heat and fire is another 
etiological factor proposed to be associated with diabetes. 
Such exposure may be common among people who are 
occupationally exposed to excessive heat and fire for long 
durations. A 4.6:1 OR obtained in this case was highly 
suggestive of a greater possibility of developing diabetes 
among such people. Although less work has been done in the 
area of influence of ambient temperature on the possibility 
of development of diabetes, cold‑induced thermogenesis 
is found to improve insulin sensitivity. Increased outdoor 
air temperature is found to be associated with higher risk 
of gestational diabetes mellitus.[15] This can, therefore, be 
speculated that a higher ambient temperature may be associated 

with reduced insulin sensitivity eventually increasing the 
possibility of developing diabetes upon a regular exposure of 
this kind. This observation seems highly relevant seeing the 
continuous rise in global temperature due to global warming 
and also a continuous global rise in diabetes prevalence.

A high liquid intake in the form of tea, coffee, juices and 
cold drinks was also found associated with higher possibility 
of diabetes development. An OR of 4.52:1 was noted for 
this association suggestive of a 4.52 times higher possibility 
of developing diabetes among those with high fluid intake 
comparing to those who are not. Several prospective studies 
have been conducted to examine the relationship between fruit 
juice intake and risk of incident type 2 diabetes, but results have 
been mixed. A systematic review and meta‑analysis however 
have supported the speculations that an excessive intake of 
beverages is linked with higher incidence of diabetes.[16]

Despite the efforts made at stages of planning, execution 
and analysis, this was observed that the study contained few 
limitations. This is pertinent to view the results of the study in 
light of these limitations to draw a more realistic inference. The 
primary limitation the study faced was of inadequate sample 
size. Although, initially, the study was proposed to be done 
on 374 participants with 187 each as cases and controls, this 
could not be obtained for many reasons. Being an observational 
study devoid of any intervention, it was difficult to convince the 
individuals to participate in the study. A better plan therefore 
should have been employed to engage adequate sample 
numbers belonging to case and control category.

Conclusion
Identifying the risk factors for their possible association with 
a pathogenesis could be the first reliable step to prevent a 
disease. Prevention strategies often fail to act in a desired way 
due to the lack of conclusive association of a cause and effect 
relationship between a disease and its proposed cause. Even 
if such relation exists, lack of a realistic temporal relationship 
between the exposure and the possible outcome also limits the 
practical application of such knowledge as a strategic tool to 
prevent the disease.

For diabetes, this is largely agreed that in view of rapid increase 
of its prevalence and also in view of a large population pool of 
prediabetes individuals which is just a step behind the actual 
diabetes pathogenesis, prevention could be a most pragmatic 
method to deal with.

There had been many studies attempting to screen such risk 
factors although the focus of most of such studies remained 
limited to high‑calorie food and lack of exercise. Ayurveda 
is seen to have documented a series of causative factors 
incriminated as the cause of Prameha although it was never 
attempted earlier to see any realistic association of such causes 
with the actual disease. This study therefore seems to be the 
first of its kind exploring the association of Hetu and the disease 
in a case–control manner. Remarkable associations found 
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between stress, anger, and excess heat exposure with diabetes 
are a few causes which Ayurveda proposes as the possible 
cause of diabetes although not much explored in conventional 
understanding. A serious effort therefore is required to be made 
toward establishment of association of Ayurveda concept of 
causes and diseases. Any such establishment may be crucial to 
prevent the disease like diabetes which is increasing globally 
in pandemic proportions.
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