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A MATHEMATICAL MODEL FOR ATTENUATING THE SPREAD OF
DIABETES AND ITS MANAGEMENT IN A POPULATION

IBRAHIM ISA ADAMU, YUSUF HARUNA AND E. J. D. GARBA

ABSTRACT

We study the dynamics of diabetes in a population based on the etiology of the disease. In carrying out the
study, we proposed that; a population generate non-diabetic non — susceptible sub-population, and a non-diabetic
susceptible sub-population, the non-diabetic susceptible sub-population can further generate a population of diabetics
without complication, who can later transit to a population with diabetic complications. Based on the etiology
dynamics, we proposed control measures at the point of transition from the population to non-diabetic susceptible
population, and at the point of transition from diabetes without complications to diabetes with complications. For this
study, we intend to look at the control measure. In this regard, we proposed a mathematical model for the dynamics of
diabetes by incorporating a control parameter h, so as to investigate how to control diabetes in a population. The
result of the study suggested that; we need to control the incidence of diabetes, I(t), and improve the control measure,
h, for transition from diabetes without complication to diabetes with complication. Thus entailing going further in
research to; Look into the dynamics of the genetics of transmission of the diabetic gene, to investigate how to reduce
the spread (and hence the incidence I(t)) of diabetes, and to also look into the influence of the control factor h, on the
dynamics of glucose metabolism, this will give an insight on how to manage diabetic patients.

KEY WORDS: Diabetes, Population, Genes, Genetics, Etiology.
INTRODUCTION

Diabetes mellitus is a recognized consequence of hereditary haemochromatosis, David et al (2003). Genomic
wide scans for linkage have reported a number of chromosomal regions that may harbor genes involved in type I
diabetes, with the most promising, replicating findings on chromosomes 1g21-q24, 2937, 12924 and chromosome 20;
Florence et al; (2003). Type | diabetes develops in individuals who are genetically susceptible; Janne et al (2004). In
genetic epidemiology, population-based disease registers are commonly used to collect incidence and/or genotype
data or other risk factor information concerning affected subjects and their relatives or a whole population, Janne
(2008).

The incidence and prevalence of diabetes are increasing all over the world; complications of diabetes
constitute a burden for the individuals and the whole society. It is now commonly admitted that diabetes is sweeping
the globe as a silent epidemic largely contributing to the growing burden of non-communicable diseases and mainly
encouraged by decreasing levels of activity and increasing prevalence of obesity, Bouteyab et al (2004). This trend of
incidence & prevalence in a population, despite medical intervention, is a case for serious concern.

Accordingly experts suggested that the dynamics of incidence & prevalence of diabetes in a population depends on;
1) The dynamics of the natural history of the disease in a population (Bouteyab et al 2004).
2) The dynamics of diabetes gene frequency in a population (Masatoshi Nei, 2006).
To understand and model the above dynamics, we need to know the natural history dynamics of diabetes in a
population.
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Description of the Natural History Dynamics

Bouteyab et al, (2004) schematically described the natural history dynamics of diabetes in a population as follows;

Let u =rateof natural death

y = rate of reCoV ery from complications
. o O =rate of death from complications
A =rateof developing complications, . o
v = rate of developing disability

1(t) =the incidence of diabetes without complicati ons

Then, the natural history dynamics is as follows (With notations as defined above).

oC(t)
f
Population 'O 0 b - AD(1), c) |, ue@)
Il () {
uD 1C (1)

Fig. 1: Schematic model for the dynamics of diabetic population(Bouteyab et al)

On the basis of the above schematic model, Bouteyab et al (2004) developed the following mathematical model that

describes the dynamics of the diabetic population;

dfigtj =—(A+0)c(t)+AC(t). t=0; c(0) = ¢,
G I G (1)
prani () — (v 4+ 8)C(t) — uN(t),t = 0; N(0) = N,

Where 0 =y+ u+v+0, N(t)=D(t)+C(¢t)

Using the above idea of the dynamics of the natural history of a diabetic population, we want to model the dynamics of

diabetes in a population by incorporating control parameters, so as to investigate how to manage diabetic patients,

and to regulate the spread (and thus the incidence) of diabetes in a population. For this purpose, we decomposed a

population into; susceptible sub-population and Non- susceptible sub-population, and introduced control measures at

two stages of the dynamics of diabetes as follows:

1. Control measure at the stage of diabetes without complication, to inhibit transition from diabetes without
Complication to diabetes with complication in a population

2. Control measure at the pre susceptible stage, to reduce or inhibit the transmission of the diabetic gene, from
generation to generation
The dynamics of the subpopulations are as follows;

Susceptible Sub-population:

A member of this sub-population can;

- Move to the state of diabetic without complications (State 1), and then develop (move to the state with)
complications (State Il) with time.

Maintaining the notations used by Bouteyab et al (2004) and introducing a control parameter that (supposed to)
inhibits transition to diabetes with complications denoted by “h”, we have the following description of the dynamics.
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State I: The number of diabetics without complications D(t) depletes by uD(t) & AD(t) as a result of natural death

and transition to state of diabetes with complications respectively, and increases by hD(t), C(¢t) & I(¢) as a result of;
inhibitory control measure, recovery from complications, and incidence of diabetes without complications respectively.

State II: The number of diabetics with complications C(t) depletes by uC(z), vC(t), SC(t) & »C(¢) as a result of

natural death, death from complications, severe disability and recovery from complications, and increases by AD(¢)

as a result of developing complications from D(t). This gives the following schematic diagram of the natural history
dynamics of the diabetic sub-population.

hD(t) 5C(1)
Susceptible It) D (tn AD(t), c (Tt) vC(1)
Sub-population < | —
l 7C (1) !
uD(1) HC (1)

Fig. 2. Modified schematic model for the dynamics of diabetic population

Non-susceptible subpopulation:

A non susceptible person will be non-diabetic with the following dynamics
Note: Susceptible means posses the diabetic gene.

¥v" The number of non-diabetic & non susceptible depletes as a result of natural death, and recharged from the

parent population.

For this sub-population, the schematic representation of the dynamics, is as follows;

NON-SUSCEPTIBLE , NON S
DIABETIC SUB POPULATION

Fig. 3: Schematic model for the dynamics of non- susceptible sub-population

Fusing the two schematic models of fig.2 & fig.3, and introducing diabetic gene spread inhibition parameter
denoted by €, we obtained the schematic diagram of the dynamics of any given population with respect to diabetes as

follows;
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POPULATION
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diabetic and non-
diabetic persons)
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NON-DIABETIC
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hD(t) d
AD(t)
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YI(t) yC(t)
N >
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Fig. 4: Our schematic Model for the dynamics of diabetic population

In this work we are going to develop equations that describe the dynamics of diabetes in a population that
incorporates the inhibitory control parameter, h, to investigate how it can play a role in retarding transition from
diabetes without complications to diabetes with complications.

MODELING
Methodology

Here we state assumptions, notations, parameters, and model development

Assumptions
% Underlying population is large and finite
« Individuals are assumed to have no complications at the point of first diagnosis at any time interval from the
start of the screening
< Probability (A) of a diabetic person developing complications is assumed to be constant.

Notations

The following notations are used;
I(t) = incidence of diabetes without complications.
D(t) = Number of diabetics without complications
C(t) = Number of diabetics with complications

N(t) = D(t) + C(t) is the total population of diabetics.
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Parameters:
7 = Natural mortality rate
d = Denotes the level of dieting in terms of calorie intake
A = Rate at which diabetic person develop complications
V4 = Rate at which complications are cured
h = Rate at which transition to diabetic with complications state is inhibited,
L = Rate at which diabetic patients with complications becomes severely
disabled.
o = Mortality rate due to complications.

0 =y+u+v+o

Developing Quations
In this work, we estimate “h” as h = ? where “ex”is the amount calories burnt as a result of physical exercise, and
“d” is the level of dietary calorie intake.

Now, looking at the schematic diagram of the dynamics of the susceptible sub-population in fig. 4, the equations

governing the rate of changes of C(t) & D(t) are as follows;

diiﬂ =1(t) — (A— h+ D) + yCi), Dp(0) = D, (
_______ 2
digitj =;D(t) - (y +p+v+8)C(t),c(0)=C,=0

System (2) is the required system of equations that governs the dynamics of the susceptible sub-population depicted
by the schematic diagram in fig 4.

Preliminary Result
Now looking at system (2) above, this describes

Q) The dynamics of the diabetic population, from diabetes without complication to diabetes with

complications & vice-versa in a diabetic population.

First, let us study system (2), we shall solve the system analytically so as to gain an insight into the dynamics of the
evolution of the diabetic population from diabetes without complications, to diabetes with complications & vice-versa
for the following reason;

Anal)l/tical solutions give room for sensitivity analysis which will give more insight into the dynamics of the diabetic
population.

Assuming a steady state for I(t) i. e. I(t) = I(independent of time, t), and differentiating the first equation of system (2)
with respect to t, we have;

d®p(r) dD(t) dc (t)
1t2 =(-A+h—p) 1t Ty 7S (3)

Using system (2) in equation (3), we have:
d?D (t)
A2

= (A+h—@[(=A+h —p)D(t) +yC(t) +1]+y[AD (1) — OC(1)]

=(A=h+u)’ D) —(A—h+ whC(t)—(A—h+ p)l + y(AD({) - 6C(t)))
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=2~k 1)+ 2D (= h+ wy +70)CO = (2= bt )l === == == === 4)
Where 0 =y+u+v+0

From the first equation of system (2), we have

) = Lpanie o P T .
CLtJ —;I:.T‘f..i h+|u}D~n:' f} (5)

Using (5) in (4) we have;

0 = (-4 @ +y DO ~ (YO — k40 + 70) [HER wneno@—r)] — (A — h+ )l

=@ -h+w?*+y0D® —(E+2-h+ =L~ (A-h+W(6+1—h+wDE) +
Ce1d klpd (4 hiwpd
dD(E
=_{g4+1i _h+,u_‘|%+wn{£l — (A —hA + 15D £ 37
dl{t
=—{9+A—h+,u]%+(y1—pe+he—AejD{rHe:

Let o=(0+A—h+u)&pB=yl—10-h0-0u

dED(t] . dD(t)
7E I + BD(t) + 61
_ &) aoit)

= +a

dt® dt

_dp® i
= dt +o dt _JCD(tj—HI —————————————— (6)

The auxiliary equation for the homogeneous part of (6) is

—ot o’ +4p

2

=D, (1)=C, exp%(—a-h/az +4ﬂ)t+C2 exp%(—a—\/az +4ﬂ)t

— BD(t) =461

m’+om—-f=0 = m=

For the particular solution, we have, using method of undetermined coefficients.

D,(t)=C———-—m e (7)

p
Using (7) in (6), we have:

0+0-pC =46l :Cz—%

=D()=D_(t)+D,(¢)
=CleXp%(—a+\/az+4ﬂ)t+C2 exp%(—a— 0'2+4ﬂ)t _________________ (8)

From equation (5), we have;
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1o o? +ap)cexpil oot +45) z(fafm)czexp;( o-o? +ap) 1
o= +(/1—h+,u)[C1exp ( o+y0? +4, )t+C expl ( o— \/0'2+4ﬂ (Zl)j I

Crexpilovor v ap)i)tlosor +ap)s (1—n+ u))
e, o om +48) ) b o—om <48 ) (- m))-(2- hw)[fﬁj I

7 =%(0'—\10'2 +4ﬂ), 7, Z%(O'-F\/O'z +4ﬂ)

~.C(t) =%{Cl(— 7, +A—h+ p)exp(=n,)t +C, (=17, + A= h+ 1)exp(-1,)t - %(Q)— I} — —(9) Now

C@)=+ Let

(8) & (9) constitute the solution of the system (2). Using the initial conditions we have;

DO)=Dy= €ty oo (10)
1 1 From
C(0) = Oz—{Cl(—nl+/1—h+/1)+C2(—772 +A—h+p) —%(w)—zj —————————— 11)
e
(10), we have;
C, =D, J{%}—CZ —————————————————————————————— (12) Using

(12) in (11), we have;
5. C(0) = o%[[DO +[%j—c2j(—m +A—h+p)+Cy(=n, +A—h+p) —(’IL;“)(Q)—IJ
:1(D0(_771+/7~_h+,u)_cz(_771+/7~_h+/u)+cz(_772+ﬂ_h+ﬂ)+i§(_771+/1_h+ﬂ)_Wlﬂ-'—m(gl)_[j
v
(e, (@), (2=h+p) j
B L (A= h+ p) - (A1
) 5 g i) 5 (@)

(or)

1
:7(C2(_772 +771) +D0(_771 +/7~_h+/u)_7771 _Ij

1
:7(C2(_772 +771) +D0(_771+/7~_h+,u

PCy(=n, + )+ Dy (= + A—h+w) B—(0)n, — I
B

0=C,(-n, +m)B+Dy(-m+A—-h+w)f—(b)n, —Ip

_Do(_771+/1_h+ﬂ)ﬂ+(01)’71+1ﬂ
(=77, +m,)p

0=

=C,=
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Equation (12) now becomes

C12D0+(t91)+DO(—771+/1—h+y)ﬂ—(491)r71—1ﬂ
(=2 + 1)

_ Doﬂ(_ﬂz +771)+(91)(_ 1, +771)+D0(_771 +/1_h+ﬂ)ﬂ_(91)’71 - 1p
(—7, +m.)8
_ —Dyfn, + Dy S, _(‘91)’72 + (‘91)’71 — D, S, "'Do(/1 —h+ ,U)ﬂ_ (‘91)’71 - 1p
(=72, —m)8
_—Dyfn, _('9[)’72 +Do(/1_h+,u)ﬂ_[ﬂ
- (_’72 _’71):3
_ Doﬂ(_ n,+A-h +ﬂ)_('9[)’72 -1
- (_772 +’71),B
Therefore the solutions C(t) & D(t) to system (2) are:

D(t) = Cl exp(_ﬂl) I+ Cz exp(_ﬂz)t _________________________________ (13)

C() = %(cl(— 1y + A=h+ p)exp(-m)t+Cy (=17, + A—h+ u)exp(—nz)t—W(al)—lJ ——— (14)
where

O=y+u+v+o

oc=0+A-h+u

=y —A0+6h— ub

T Z%(O'_‘\/O'2 +4ﬂ)
7, =%(a‘+\/az +4ﬂ)
C - Doﬂ(_nz +/1_h+:u1)_(01)’72 —-1p
' (=7, +m,)B
—Dy(=m +A—h+u)p+6In, +1p
C,=
(=7, +m,)p

Therefore; equations (13) & (14) gives the number of diabetics with & without complications at any time tin a
population.

Sensitivity Analysis

Consider the following system of O.D.E

dD(t)
dr

dC(t)

Cdr

=I(t) — (A — h+w)D(t)+ yC(t),D(0) = D,

=AD(t) —(y+u+v+8C(t),c(0)=C,=0
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We obtain the critical values as follows;

Assuming a steady state for I(t) (i.e. I(t)=I(independent of time t)), then at critical points the above system reduces to;

~(A-h+u)D@O)+CE)=0 ——— (15)
AD()—(y+ u+0+8)C() =0 == — e (16)
Solving for C(t) & D(t) from (15) & (16), we have:
Al 16
) O(A—h+u)-72 2 — A+ 60(A—h+ u)

This implies that, the solutions C(t) & D(t) to the O.D.Es will revolve around the critical point values.

LIMITING CASE BEHEAVIOUR
Taking the limit of the solutions (13) & (14), i.e.

D) = C,exp(-,) 1 + C, exp(-17)1 —%

C(r) = %(cl(— ny+A—h+ p)exp(-n,)t+C, (- n, +/1—h+ﬂ)exp(—nz)t—w(91)—lJ

B
we have:
() limD@) = C, x0+C, x0— lim ZF#+0*+)D)
Ao Ao y) — 10+ h@— ub
limC() =C, x0+C, x0-1lim MJJ .
Ao A-seo y/j V4+u+o
(if) IimD(z)zCle+C2xO—Iim{gj=;
7 70 ﬂ /»l_h
lim C(6) = C, x 0+ C, x0— lim — A=y p AL
oo roe (YA — A0 + h@ — u@) v H—h
(i) |ImD(t) C,x0+C, x0—|lmg __
oo B A—h+pu
lim C(1)=C, x0+C, x 0~ lim (A=h+ ol ~-71=0
o2yl —(A—h+u)(y+u+v+9)
(v) |ImD(t) C,x0+C, xO—llmﬂ:;
uaooﬂ /1+/U h

IImC(t)——(C %0+ C, x0)— [MQI—JJ
4 s

D—>0

Z_{M}_ll _

Iy
~(A-h+pu) /4

1
Y Y
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] 1
) L'"g D(t)= C,exp(-n,)t + C, exp(-n,)t —
— H— h

lim C(1)= é(cl(—m ~ h+ 1)eXp(-n, )+ C (=7, — h+ ) exp(—ny) 1 )

where, as A — 0, then,
O=y+u+v+96,0=0+u—h, p=Mh-u)b
m=to s w0 w7 a0} 1, =30+ w1+ O 107~ 4u0)
_ DyfB(-n, + p)—01n, - 1B
(_772+771);B
=_D0(_771 + ) +0In, + Ip
(_772+771);B

G

o

vi) Iim(lim D(t))z Iim{Cl exp(-n,)t+C, exp(—nz)t+LJ
y—>0 H— h

y—o 1—0

1

:m
lim(lim C () = lim 2[C, (=1, + ) exp(-11,) 1+ C, (=11, + ) exp(-1, )]
1

= lim -0=0
r=0 2y — 2y — 2yu

vii) lim D(t)= C, exp(=,)t +C, exp(=n, )i +————
70 A—h+u
o

lim C ()= m{[&(q (=7, + A+ ) exp(-n, ) +Liﬂjo[% Cy (17, + A+ ) exp(-1,) )t Ytvio)

= 0

where; as y — 0, then;
0> u+v+o6,0->2u+06+A-h+v, f>—-(A-—h+u)(u+v+09)

A =%( —m) 1, =%(0+m)

Dy S, + A+ p) -6, —1p

@ (\/02 +4ﬂXﬂ+u+5)/1

_ — Do B(=1m, + A+ ) + 0, + 18

= (w/az+4ﬂxu+u+5)/1

|
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o 1 (r+u+0)I
limD(t)= C, exp(-n,)t +C, exp(-n,)t +

viii) lim D(¢) = C, exp(=71,)t +C, exp(-11,) A (v ot DG h)
. A—h+ pu)ol
lim C(1)= 3 (Cy(=, + 2~ h+ ) exp(=11, )t +Cy (=17, + A~ h+ p1)exp(-1p, )t Gk 5 aar

Whereas o — 0;
0> pu+v+v, 0 >2u+v+y+A-h foyl—(u+v+p)(u+1-h)

i Z%(O'_\/W) up Z%(O""\/W)

Dy S(=n, + A+ u)—6ln, — I

C, =
(. —n,)B
C. = —Df(-n, + A+ p) +6)n, + 1S
, =
(m.—n,)8
ix)lim(lim(lim D(¢)) = lim(C, exp(-7,)t+Cn, exp(-n,)t) -
y—o A0 50 y—o —/Ll+h
=0xt+0xt— ! = !
—u+h H—h

—o A0 d—>

and lim(lim(lim C(1)))

M MA(C, (=7, + A h+ 12)exp(=n.) t +C, (=1, + A —h+ ) exp(—n, )t — LT X =1F)

y—0o A0y ﬂ

1 —h
= lim = (C, (17, — h+ 1) eXP(=11,) 1 +C, (=17, — h+ ) exp(=17,) t = ——— 6L ~ I
7oy (s —h)

=0
DISCUSSION ON LIMITING CASE BEHEAVIOUR

The following discussion is based on the results of section 2.5

1. From (i) of section 2.5; A — =0 = rate of developing complications becomes very high (which may result from

lack of optimal glucose control for patients without complications), when this occurs, the number of diabetics without

complications D(t) depletes to zero (0) irrespective of the incidence rate of diabetes. On the other hand, C(t)

approaches which depends only on I, ¥, i, §, v, &7 = ¥+ u+ v+ . This implies that; with very high

viut+d’

(uncontrollable) rate of developing complications A, the number of diabetics without complications, D(t), drops to

er
pEd+r

zero(0), while the number of diabetics with complications C(t), stabilizes at , this translate to the need to reduce

: . 61 . . ,
I', since reducing —— will not have practical benefit.
pEd+r

2. From (ii) of section 2.5; ¥ —* =0 = recovery from complications becomes very high (which may result from

intensive recovery programme for patients with complications), when this occurs, the number of diabetics without

!
complications, D(t), approaches E which depends only on I, i & k. On the other hand C(t) varnishes to zero,
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irrespective of the incidences {. This implies that; with high rate of recovery from complications, ¥, the number of

diabetics with complications C(t) drops to zero, while the number of diabetics without complications D(t) stabilizes at

T
w R

, this translate to the need to regulate I and h to bring down D(t) and C(t) respectively.

3. From (iii) of section 2.5; & — =0 = Mortality rate due to complications becomes very high (which may resuit

from lack of adequate control for complications), when this occurs, C(t) drops to zero, irrespective of the incidence, I,

while D(t) stabilizes at , which depends only on I, 4, . & p.This implies that; with very high mortality rate due

A-h+p

T
A—hitp

to complications, C(t) reduces to zero (0), while D(t) stabilizes at , this translate to the need to regulate I and h

to bring down D(t) and C(t) respectively.
4. From (iv) of section 2.5; v — =0 = Rate of developing disability becomes very high (which may result from

T

his’ which depends on

deterioration of complications), when this occurs, C(t) drops to zero, while D(t) stabilizes at

T
I-heu'’

I, A, h & w. This implies that; with very high rate of disability, C(t) drops to zero, while D(t) stabilizes at this

translates to the need to regulate / and k to bring down D(t) and C(t) respectively.

5. From (v) of section 2.5; 1 — 0 = Rate of developing complications approaches zero, when this occurs, D(t)

stabilizes at; Cy exp(—n )t + Crexp(—n,) t — ﬁ

while C(t)stabilizes at; C, [—'ql —h+p)exp(—n,)t + C, (—m, —h + pjexp(—n,) t. This
implies that; as the rate of developing complications approaches zero, D(t) depends on
I,and regulated by u,y,5, h & v, while C(t) depends only on &, ¥,d, h & v. In either case, this translates to the

need to regulate I and h to bring down D(1).

6. From (vi) of section 2.5; ¥ — & A — 0 = very high rate of recovery from complications and varnishing
1
u—h

aggressive and sustained recovery programme for patients with complications, and vanishing rate of developing

rate of complications, when this occurs, D(t) stabilizes at , While C(t) approaches zero. This implies that, with

complications, C(t) drops to zero, while D(t) stabilizes at , which depends on /, h & . This translates to the

H—h
need for regulating / and h to bring down D(t) and C(t) respectively.
7. From (vii) of section 2.5; » — 0 = Rate of recovery from complications approaches zero(0), when this occurs,
: [ . ,
C(t) approaches o, while D(t) approaches C, exp(-7,)t+C, exp(—nz)t+ﬁ. This implies that, with
varnishing rate of recovery () from complications, C(t) becomes too large (oo ), this is because of injection by A .
1
On the other hand, D(t) stabilizes at C, exp(-7,)t+C, exp(—nz)t+ﬁ , which depends on /, 1, A, 0,6 &h.

This translates to the need for regulating / and h to bring down D(t) and C(t) respectively.



A MATHEMATICAL MODEL FOR ATTENUATING THE SPREAD OF DIABETES 13

8) From (viii) of section 2.5; § = 0 =Rate of mortality due to complications vanishes, when this occurs, the number
diabetics without complications D(t) and the number of diabetics with complications C(t) approaches:

(y+u+0)I
A= (u+v+A)(A-h+u)

Cl eXp(—Ul)f +C2 EXp(—772)l‘ +

and

A—h+u)ol
%(Cl(—ﬂl +/1—h+y)exp(—772)t +C, (=1, + A—h+ p)exp(-n,)t _%

respectively. This implies that, as the rate of mortality due to complications approaches zero, C(t) & D(t) reduces to
the definite values shown above,

which are both functions of /, tt, 4, ¥ ,h & v. This translates to the need to

-1

regulate /, to bring down D(t) and C(t) respectively.

9) From (ix) of section 2.5;. % —a, A =0 & & =0 = Very high rate of recovery from complications,

decreasing rate of developing complications & mortality due to complications. When this occurs, the number of

diabetics without complications D(t) approaches Lh while the number of diabetics with complications drops to zero.
-

This implies that, with very high recovery rate (which can be as a result of rigorous recovery programme for patients

with complications), dereasning rate of developing complications and dereasinging mortality rate due to complications,

I
C(t) drops to zero, while D(t) stabilizes at _h. This translates to the need for regulating / and h to bring down D(t) and
.

C(t) respectively.

From the above discussion, the results suggest that; to Control diabetes, we need to reduce the incidence of diabetes
| and improve the rate of retardati on of transition to diabetes with complication. This will, respectively reduce cases of
diabetes incidence and manage sufferers to extinction.

CONCLUSSION

From the above discussion, we conclude as follows;

The system of equations describing the dynamics of diabetes in the susceptible sub-population suggest that;
we need to control the incidence | and improve the rate of inhibition, h for transition from diabetes without complication
to diabetes with complication.

This entails going further in research to;
1. Look into the dynamics of the genetics of transmission of the diabetic gene, to investigate how to reduce the
spread(and hence the incidence 1) of diabetes
2. Look into the effect of physical exercise and/or dieting on the dynamics of glucose metabolism, this will  give
an insight on how to manage diabetic patients.
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