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ABSTRACT

Background: Development of type-2 diabetes remains ambiguous. There are some known risk factors like
stress, lack of exercise etc. are described in diabetes. How risk factors affect insulin kinetics? Therefore to
assess the risk factors and their possible effect on insulin kinetics in the study population was the main focus
of the study.

Methods: This is a descriptive study done in retrospective manner in Ajmer central part of Rajasthan, India
based on data collection of admitted patients. Data of 200 cases of diabetes (group A) was compared with
200 non-diabetic (group B) cases for dietary intake, history of stress and exercise. Blood samples were
examined for lactic acid, PH, potassium levels.

Results: In group A and group B no major difference was there in BMI and positive family history. Group A
cases had low carbohydrate intake in diet, severe mental exhaustion/stress and poor exercise schedule. This
was associated with low lactic acid, alkaline PH and hypokalemia in group A.

Conclusion: Poor exercise and low carbohydrate diet are associated with low lactic acid resulting in
alkaline PH associated with hypokalemia. Stress is associated with increase in basal sympathetic discharge
resulting in hypokalemia. Low serum potassium possibly inhibits glucose and potassium entry into muscle at
its receptor and simultaneously reduces insulin release. Chronicity of such conditions result in development

of diabetes.
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Introduction

The pathogenesis of type-2 diabetes remains ambiguous. Primary
events leading to/precipitating type 2 diabetes are largely unclear.
Various studies have documented multiple risk factors like genetic
defect [1-5], dietary factors (high fat, less carbohydrate, less fibre
diet [6-8], stress [9-14], obesity [15-18], and lack of physical
activity [19], are responsible for diabetes. A few studies have
found relation of serum K+ (potassium) [20] in diabetes. Therefore
the study was aimed to review the contribution of all these risk

factors and role of K+ affecting insulin kinetics, in developing
diabetes. Additionally the study was focused upon any common
end point related to all these risk factors in insulin kinetics.

Methods

This is a descriptive study done in retrospective manner in central
part of Rajasthan, India, based on data collection of patients
admitted in Mittal hospital and research centre, Pushkar road
and Keshvam hospital Maharana Pratap Nagar Ajmer. Arbitrarily
record of 200 freshly diagnosed cases of type-2 diabetes (incidental
diagnosis) (group A) where no previous history of any treatment
of diabetes was available, was compared with records of other
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200 non- diab'etic people (group B) admitted in Mittal hospital for | Tota1 Caloric 19002100 K calori 005, 030,
some other diseases between July 2016 and July 2017. All 400 | intake/daily ) calones ’ ’
cases belong to urban population of Ajmer city and represent a | Consumption of | <60% 45% 18%
small sample of same population (one million). Only those cases | carbohydrate out 65.807% s50; 200,
were selected where a complete dietary, exercise, stress history and | of total calories o ’ ’
following 1nvest1gat1'on recprds were available. The permission | 1.1 ¢ consumption monthly Grouéldnut/sun- Sesame (tilli)
was taken from hospital ethical committee. ower
Oils-type refined unrefined
Data was examined for Oils-amount litres 1-1.5 1.5-2
*  Basal characteristics including age, sex, BMI, vital parameters | Butter oil -amount litres 0.5-1 1-1.5
including pulse rate, blood pressure, temperature < . Milk 1.5-2.5% 239
1 1 1 aturated fat in
: Efetary h;s“}’]ry’_fo‘l’d habits Butter ol 64% 69%
. istory of physical exercise
) . a) frequent>2/weekl 80% 15%
e Mental health life style factors- duration of mental work, | Junk/fast food ) freq Y ’ ’
duration of sleep b) occasional<l/weekly 20% 85%
. Stress Average fiber content/day/grams 20-25 19-21
*  Blood investigations including ABG (arterial blood gas Table 2: Dietary history.
« analysis) including blood PH, serum sodium, serum potassium,
serum calcium, serum lactic acid and blood glucose Group A | Group B
*  Serum urea, serum creatinine, glycosylated hemoglobin " o <7 hours 16% 90%
+  Significant past history Working mental hours 7 hours 34% 10%
Sleep duration > 7 hours 12% 90%

Blood investigations data used was selected only at the time of
Severe stress >30/68 (total

.. ) Y
admission i.e. before commepcement of any. treatment. Blood Stress score score) PSS scoring >90% 5%
glucose, serum K+, serum sodium and lactic acid levels were also
. Presence of above factors >5 years 90% 93%
measured in laboratory. ;
Table 3: Data of mental health life style factors/stress.
Exclusion- Diabetic ketoacidosis
Group A Group B
- 0, 0,
Results Pl 7.1-7.34 23% 76%
In group A and group B no major difference was there in BMI 7.41-7.45 77% 24%
and positive family history. Group A cases had low carbohydrate Serum Potassium 3.0-3.7 90% 20%
intake in diet, severe mental exhaustion/stress and poor exercise mmol/l 4.1-6.0 10% 80%
schedule. This was associated with low lactic acid, alkaline PH Serum Calcium 0711 - 26
and hypokalemia in group A (Tables 1,2,3,4 and ABG images 1-6). mmol/l T ’ ’
Serum lactic acid 1-14 85% 17%
Group A Group B mmol/l >1.4 15% 83%
Age range years (mean) 35-60 38-69 24-28 80% 10%
Sex 60% male 40% female | 55% male 45% female Serum-bicarbon- <23 8% 77%
ate mmol/l
BMI (kg/m?) 23.8 kg/m? 22 kg/m? Other value 12% 13%
Vital parameters Pulse rate 84+-3/min 80+-3/min Mean blood glucose >200 mg% 93% none
Blood pressure mm Hg 136+-4/78+3 126+6/76+4 Mean glycosylated hemoglobin > 9% 94% none
Respiration rate 19+-3/min 17+-2/min Table 4: Blood investigations.
Good physical activity (>40
minutes daily at least 5/7 45% 91% ABG Va I ues
days a week Measured (37.00C) Moasured (37.00)
Family history (positive) 38% 27% e 25 12 g i Coz 2527  aarg
'ﬁldz 78 amaf /L fa? 128
Table 1: Basal Characteristics, Physical activity and Family history. o 736 mmolsl o a:
Caes 1.24 mmol/l +1 iu LT
Clu ?61 a :EQ?IIL pEE ar"
hot ag’
Group-A Group-B Dor ived Parametors
i d Parameters lase (7. 4) 0.59 mmol/lL
Food consuming | &) adequate 38% 78% G SRl ) 2ok mmolst 32 PR S-S
time b) inadequate 62% 22% HEB3atd 2420 mmol/l Feegl -3-1  mmolst
2.%'33 ?g: i ::g”t 2 - 51353 34 .5 ;n!l
Food eaten after | @) immediately 28% 70% CE(B) S0 Emal AL 2/-8D02 -
i S0ee ] L
cooking b) delayed 72% 30% s 10 o e S
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Measured (37.0C)

" 7.47 Measurad (37.0C)
MR B,  g-OUNLES
'\la; 138 IID?“— l.og 132 .-H? i
[ 3.0 mmol/L <3 Kas 126 mmo /4
(as+e 0.76 mmol/L ko 7.3 -uml
Glu 164 mg/dL Case 0.74 .-?d
Lac 1.4 mmol /L Clu 62 ma/
Fet a7 z h:: “ -0 mm

Der ived Parameters Dév ivadt Paraasters
fass(7.4) 0.78 wmmol/L L
HCO3- 6.9 ﬂobl.. (HE*SE?.G) 'D:gs ::gi;'—
HCO3std 7.5 mmo HCO3std 9.4 mmol/L
EEocr 4-» | ico2 12:3  mmol/L

EEeclh ~20.4 mmol /L
g%%ﬂ) L-Eéﬂ) ;gg mmol /L
'!Hb§ 1 Hbg 12.7 a/dl
?4-aD02 74-aD02 ----
Heasured (37.0C) | Measured (37.0C)

H 7.10

;ll::p? 40 ::“n p_gu? 53. L ey

{Ef |§ mmol /L - +5 EO? : 16 ::ﬂ /L

[ 5.4 mmol/l as 193_5 e ft

(a+e 0.92 mmol/L L3 1.00 ..? (

(lu 178 mg/dl FT“ 51 Lo

Lac 5.2 mmol/L as 9.4 mmol/l

bet 6 x Lac 59 3

Der ived Parameters Der ived Paramcters

(a++(7.4) 0.81 mmol/L mmo 1

BEG 1Y B | oo [
5 : mmo . i 1 mmo 1

1602 136 mmol /L 6 _ 28

EEecf -17.3 mmol /L p : !

FE(B) -16.5 mmol /L |

£02¢c 83 z

THbc 1.2 a/dL

?t -aD02 S

ABG Values- Arterial blood gas analysis.

ABG 1,2,3: Alkaline PH, low potassium, low lactic acid and high blood
glucose.

ABG 4: Acidic PH (metabolic, low bicarbonate), high potassium, high
lactic acid and low blood glucose.

ABG 5: Same case (4) after 50 ml of sodium bicarbonate slight increase
in PH, bicarbonate and glucose, reduction in potassium.

ABG 6: Acidic PH (respiratory, high pco2), high potassium, high lactic
acid and low blood glucose.

Discussion

Worldwide, the incidences of diabetes are on an extensive rise.
Reduction in insulin secretion from pancreas and insulin resistance
in liver, muscle, adipose tissues is the prime pathology responsible
for diabetes. However; why there is insulin resistance and reduction
in insulin secretion is not fully understood. Various modifiable risk
factors associated with diabetes are obesity, lack of exercise, diet
lacking in carbohydrates and fibres, mental exhaustion/ mental
stress etc. chronicity of these factors; i.e. persistence for longer
periods; increases the probability in a person to develop diabetes.
Despite extensive evaluation exact effect of these risk factors in
the etio-pathogenesis remains unexplained [8]. Prevention and
holding the progression of disease remains important. The role
of PH and serum K+ in insulin kinetics remains dubious. A few
studies have depicted the role of K+ in diabetes. Still a clear
relationship between risk factors, K+, insulin secretion, utilization
and diabetes is not documented. Therefore, this study was planned
to observe any correlation between various risk factors, blood K+
and diabetes. The study was done in a descriptive, retrospective
manner through data collection in Mittal hospital and research
centre, Pushkar road and Keshvam hospital Maharana Pratap
Nagar Ajmer, Rajasthan, India. Hospital record of 400 cases (200
diabetic (study group group A) and 200 non diabetic control group
group B) admitted between July 2016 and July 2017 was observed

(only those cases where a detailed history of diet and stress was
available).

We divide the discussion in four parts

Primary findings related to basal characteristics and risk
factors

There was no major difference in BMI, positive family history
and vital parameters in both groups (Table 1). There was no overt
increase in pulse rate (sympathetic activity) and respiratory rate in
either group.

In dietary history in group A v/s B group there was major difference
in total carbohydrate intake 55 v/s 82%, fast food intake 80% v/s
20% and time given in consuming food. (Group A v/s group B,
table 2) i.e. less carbohydrate, high fast food diet with hasty eating
in patients with high blood glucose. No gross difference in fat
consumption, fibre consumption in either group.

In group A v/s group B there was major difference in exercise
duration and regular schedule table 1. Group A cases had poor
exercise schedule as compared to group B.

Assessment of mental health life style factors suggested a state of
more mental work and less mental rest in group A as compared to
group B (84% v/s 12%). In group A even the duration of sleep was
less (12% v/s 90%). Group A Cases were severely stressed based
on PSS (93% V/S 10%). There was chronicity in such life style
factors i.e. in > 90% present for at least 5 years (Table 3).

Over all up to 80% of cases had combination of at least 2 risk
factors including diet/exercise and mental exhaustion/stress i.e.
Less carbohydrate diet consumed quickly, poor exercise and
mental exhaustion associated with diabetes.

Secondary findings related to blood investigations and their
association with risk factors

a) Secondary findings- In group A cases PH was towards alkaline
side as compared to group B (7.41-7.45 v/s 7.1-7.34). Serum K+
level were at lower side in group A as compared to group B (3.0-
3.7 v/s 4.1-6). Serum lactic acid was also at a lower side in group
A v/s group B. (table 4) Presence of alkalosis, hypokalemia, low
lactic acid and high blood glucose in group A (diabetic cases).
(ABG values 1, 2, 3). On the contrary in group B acidic PH, high
K+ and high lactic acid was associated with low blood glucose.
(ABG value 4 and 6). ABG 5 is of the same case of ABG 4.

ABG 5 shows slight increase in PH after 50 ml of injection sodium
bicarbonate associated with reduction in lactic acid, K+ and
increase in blood glucose.

b) Association of secondary findings to risk factors (primary
findings)? How

In previous studies high carbohydrate diet specially made from
wheat flour, freshly cooked, if consumed slowly generates high
lactic acid in blood [21,22]. On the contrary diet like fast food or
junk food, Chinese food consumed hurriedly provides less lactic
acid. These findings are similar to low serum lactic acid levels
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found in group A and high lactic acid levels found in group B.
In group A total carbohydrate consumption was < 50% in half a
number of cases, less eating time and excess fast food consumption.

Good exercise generates good lactic acid and increases serum
K+ levels [21-23], in muscles and vice versa. In group A lack of
exercise is associated with low serum lactic acid and less serum
K+ values.

Chronic stress and mental exhaustion is associated with increased
baseline sympathetic discharge (There is physiological depletion
of neurotransmitters and desynchronized activity of brain in stress
and mental exhaustion associated with fast mental speed). This
is depicted as loss of amplitude and gives low voltage fast Beta
activity in EEG. This brain activity is associated with poor control
of cortical areas to hypothalamus and there is increase in basal
sympathetic discharge. Spikes are seen in SSR (Sympathetic skin
response) assessment [9,24-29]. In group A there was chronic
stress and mental exhaustion.

How secondary findings related to serum K+?

a) Low lactic acid is associated with alkaline PH which shifts
extracellular K+ to intracellular space and results in hypokalemia
[22], which is present in our findings in group A and conversely in
group B [22]. Finding of ABG 4 and ABG 5 clearly indicates that
increase in PH shifts K+ intracellular reduces insulin functioning
associated with increase in blood glucose.

b) Increase in sympathetic activity is associated with persistent
hypokalemia due to increase in activity of Na/K ATPase pump
which shifts K+ intracellular, also present in current study in group
A[21,22].

We summarize the findings

In group A there is less carbohydrate in diet, lack of exercise,
chronic mental exhaustion/stress associated with alkaline PH, low
serum lactic acid levels and hypokalemia. Low serum lactic acid
results in alkaline PH and shifts extra cellular K+ to intracellular
space (ECF to ICF). Increased sympathetic activity directly
produces hypokalemia. Chronically hypokalemia affects insulin
secretion and utilization and results in diabetes (findings in group
A).

How hypokalemia affects insulin action.
mechanism seems to be following

a) Insulin secretory mechanism-

Normally glucose entry in beta cells occurs through GLUT
transporters, after entry glucose is metabolized, increases cellular
ATP which inhibits K+ entry into cell through Karr channel.
Low intracellular K+ results in depolarization of Ca'" (calcium)
dependent exocytosis of stored insulin. There is increase in blood
levels of insulin [31].

The possible

All those conditions which inhibit insulin release are associated
with shift of K+ into cells. These include presence of insulin,
Catecholamines /increased sympathetic activity, alkalemia, low

lactic acids etc. [30-33]. These conditions are present in our study
(group A) (Figure 1).
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Figure 1: Insulin Release-Beta Cells of Pancreas.

b) Insulin utilization/sensitivity- This mechanism is difficult to
understand but there are following steps in insulin utilization-
After release insulin binds to its receptors (tyrosine kinase) in
various tissues like muscles, adipose tissue and others. After
binding to receptors there are various intracellular biochemical
changes [31]. These lead to GLUT 4 (glucose transporter)
expression over cells. This GLUT 4 expression allows entry of
glucose inside the cells through facilitated diffusion.

When insulin concentrations are low, GLUT4 glucose transporters
remains in a stored form and are not available for glucose transport.
Presence of insulin is mandatory for their action. In some way
entry of glucose through GLUT 4 is associated with K+ entry into
the cells [31,32] (Figure 2).
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Figure 2: Insulin Utilization in Muscle.

Normally after food intake there is increase in blood glucose levels
which shifts K+ out of the cells, reduces ICF K+ (ICF to ECF)
increases ECF K+. High ECF and low ICF (especially Beta cells
of pancreas) K+ quickly releases insulin in blood. This Insulin gets
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attached to its receptors in muscles fat tissue etc. and quickly shifts
the K+ back into the cells associated glucose entry inside the cells.

Conditions which favour such physiology are good exercise,
increase carbohydrate diet, stress/exhaustion free mind; all help in
increase/ shift of ICF to ECF/blood K+ [32-34] (Figure 3).

Diet Glucose /K+ Levels Normal in Blood
'y

v Increase In Blood Glucose
Glucose. A |
h v v %
| Shifts K+ To ECF \..____Lﬂus_c_lg,/
./I

v
Increase In Blood K+ /’

| /’I

v /
Low ICF/ High ECF K+  Glucose /K+ Simultaneous Entry
| i ®q f
I e o |

Pancreas .
‘ | @&y

v
* Insulin Release —

Figure 3: Normal Physiology (Insulin Kinetics).

Glucose entry through GLUT-4 transporters possibly involves
simultaneous uptake of glucose and K+. ECF hypokalemia
produces a resistant state where both insulin stimulated K+
uptake as well as insulin stimulated glucose uptake appears to be
suppressed. It seems that, if hypokalemia is present then insulin
release and utilization are suppressed.

Conditions opposing normal physiology are poor exercise, poor
carbohydrate diet, increase mental stress/exhaustion; all result in
less ECF/blood K+/ hypokalemia (high ICF). Thus inhibit insulin
release and K+ intake into the cells associated with poor glucose
uptake by cells and resulting in increase in blood glucose levels,
if such risk factors prevail for years then. Disturb insulin releasing
and utilization permanently and diabetes develops.

Various previous studies/references supporting role of K+ in
insulin utilization are following

Exercise directly increases ECF K+ associated with increased
sensitivity of insulin. Exercise also increases serum lactic acid
levels which further shifts K+ from ICF to ECF [32,33].

Diuretics which decrease serum K+, decrease insulin sensitivity
and increase risk of diabetes [20,35-37].

Diet low in K+ decreases insulin sensitivity [20,38,39].
Angiotensin system decreases serum K+ levels associated with
decreased insulin sensitivity [20,40-42].

Hypothesis of the study: Development of Diabetes

Chronicity of mental exhaustion/stress along with lack of exercise/
poor carbohydrate diet leads to persistent hypokalemia (shift of
ICF K+ to ECF K+) which possibly initially inhibits K+ /glucose
entry into muscles/fat tissue. Later on hypokalemia affects insulin
release. Lack of insulin further increases resistance non expression
of GLUT- 4 transporters and persistence of such situation for many
years’ results in diabetes.

Future projections

Aprospective trial is required with a possible radioisotope attaching
to K+ so as to understand the role of K+ in insulin kinetics in a
better way.

Clinical Implications

Based on evidences of the study following can be done for diabetes
prevention/management

1) Correct primary risk factor mental exhaustion, diet and exercise
to prevent hypokalemia.

a) Practice relaxation techniques to prevent burn out/ mental
exhaustion/stress.

b) Sound sleep to restore neurotransmitters.

¢) Adequate balance between mental work and rest.

d) Spending some time in garden to produce calmness in mind.

2. Diet rich in carbohydrates to produce more lactic acid and
fruits, lemon water, buttermilk directly producing acidic PH help
in shifting ICF K+ to ECF K+ for better functioning of insulin.

3. Proper exercise to improve insulin sensitivity
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