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Abstract
Diabetes mellitus is a major public health problem globally. It is the cause of serious and sometimes
life-threatening complications leading to death. It is one of the most common non communicable
diseases and leading cause of death in most developed countries including Bangladesh. It is associated with the increased risk of microvascular (nephropathy and retinopathy), macrovascular
(cardiovascular diseases, stroke) and other mixed (cataract, pulmonary tuberculosis, foot ulcer
etc.) complications. The aim of this study was to determine the risk factors related to diabetes
complications and to propose competing risk models for analyzing complications of diabetes mellitus. We study 2887 diabetic patients from the BIRDEM registry record books for the period from
1984 to 1997 who have at least two follow-up visits and who are free from complications at the
first visit. The data on variables such as 2-hBG, age, sex, family history of diabetes, area of residence, educational level, BMI, SBP, DBP and treatment status are obtained. Also, the time from the
diagnosis of type 2 diabetes mellitus (T2DM) to the occurrence of complications was recorded. We
use the competing risk hazard model and examined the potential risk factors for determining the
development of such complications. This study reveals that increase in blood pressure is a potential risk factor for CHD and nephropathy in T2DM. We also found that male and illiterate patients
are more affected by nephropathy. In our study, we also revealed that female and illiterate patients are also more influenced by cataract.
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1. Introduction
Diabetes is the most common metabolic disorder and non communicable diseases and it is the fourth or fifth
leading cause of death in most developed countries. There is substantial evidence suggesting that diabetes mellitus has become epidemic in many developing and newly industrialized nation. There are 371 million people
living with diabetes worldwide [1], the number of affected people is predicted to reach 438 million by 2030 [2].
Because of the rapid increase in diabetes prevalence, the number of diabetes complications is rising quickly. For
long time diabetes is a contributory factor in the development of diabetic late complications such as macrovascular and micro-vascular complications. The macro-vascular complications are related to atherosclerosis and
include mainly coronary artery disease (CAD), peripheral vascular disease (CVD) and cerebrovascular disease
(CVD or stroke). Nephropathy, neuropathy and retinopathy are related to the micro-vascular complications [3].
There are only a few prospective studies to investigate the risk factors of long term complications of Type 2 diabetes mellitus (T2DM). A centralized referral system of diabetes subjects at BIRDEM enabled us to investigate
retrospective cohort of diabetes and its complications from 1984 to 1997.
Cox [4] developed a survival model for analysis censored lifetime data with appropriate time dependent covariates. Farewell [5] extended the theory of the proportional hazards model for competing causes of failure. There
are several references where proportional hazards model deals with the modeling of longitudinal data for diabetes related complications. Duckworth et al. [6], Holman et al. [7], Ueda et al. [8], Boguslawa et al. [9], Hu et
al. [10] and Tuner et al. [11] used the theory of cause-specific proportional hazards model under competing risk
framework. In these studies, models for transitions have been proposed. Such models have applications to the
study of survival in prospective studies and clinical trials where study subjects are followed to determine their
status or well-being over a period of time. During each individual’s observation period, the subject may be classified into various states of health and may die from several causes of death.
In 1998, Turner et al. studied the identification of the risk factors for coronary artery disease in type 2 diabetes. They used the Cox proportional hazards model and it was known as the United Kingdom Prospective
Diabetes Study (UKPDS). In this study they have considered two states, one transient state and one absorbing
state such as coronary artery disease. In this study they found that increasing age, sex male, LDL, HbA1c, SBP,
DBP and smoking were the major risk factors for development of coronary artery disease. So this study concluded that the complications would be prevented or delayed if the patients control their LDL, HbA1c and blood
pressure. In 2002, Boguslawa et al. also used this model for microvascular and macrovascular complication of
Type 2 diabetes. In this study they have considered two states, one transient state and one absorbing state such
as nephropathy, proliferative retinopathy, cardiovascular disease and stroke. In this study they found that FBG
and MABP were the major risk factors for development of nephropathy and retinopathy in patients with type 2
diabetes. It was also found that the cholesterol was a risk factor for retinopathy. It was also revealed that the
mean arterial blood pressure was a significant risk factor for coronary artery disease and stroke. High cholesterol
level increases the hazard for coronary artery disease. It was also found that the history of smoking was not a
risk factor for such complications. This study was not able to prove the role of increased fasting blood glucose in
the development of macrovascular complications but they found that high blood pressure was a risk factor for
cardiovascular disease, stroke, nephropathy and retinopathy. In 2003, Ueda et al. used the Cox proportional hazards model for factors affecting progression of renal failure in patients with type 2 diabetes. In this study it was
observed that male patients, lower hemoglobin, and lower albumin were significant predictors for progression of
nephropathy. It also revealed that insulin therapy was found to be a significant predictor for slow progression of
renal failure and higher mean blood pressure was also a risk factor of progression of renal failure. This study did
not prove a significant association of HbA1c and fasting plasma glucose. In 2004, Hu studied the sedentary lifestyle, obesity, and impaired glucose regulation and found as the risk factors for type 2 diabetes. This study revealed that increased physical activity was associated with a significantly reduced risk for type 2 diabetes but
inversely associated with any joint levels of BMI and glucose level.
In 2008, Holman et al. discussed the ten years follow-up study in type 2 diabetes and it is the United Kingdom Prospective Diabetes study (UKPDS). In this study, two groups such as conventional therapy (dietary re-
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striction) or intensive therapy (either sulfonylurea or insulin, or in overweight patients, metformin) for glucose
control, were included and they attended annual UKPDS clinics for 5 years. In this study, they have taken newly
diagnosed type 2 diabetes mellitus to find out the association between microvascular complications and myocardial infarction with blood glucose. This study concluded that the levels of blood pressure and plasma creatine
and the ratio of albumin to creatine did not differ significantly between the two groups at any time. This study
proved that continued benefit after metformin therapy was evident among overweight patients. This study also
indicated that intensive glucose control starting at the time of diagnosis was associated with a significantly decreased risk of microvascular disease. However, for cardiovascular risk reduction in patients with type 2 diabetes the importance of lipid-lowering therapy was emphasized.
In 2009, Duckworth et al. used the Cox proportional hazards model for glucose control and vascular complications in Veterans with type 2 diabetes. In this study also, two groups such as the intensive-therapy (for tight
glucose control) group started on maximal doses and the standard-therapy (for moderate glucose control) group
started on half of the maximal doses of diabetic medications. In this study we found that the most common event
was hypoglycemia, with significantly more episodes in the intensive-therapy group than in the standard-therapy
group. This study also revealed that the intensive glucose control in patients with type 2 diabetes had no significant effect on major cardiovascular events, death, or microvascular complications. Only change in albumin level
for nephropathy, any worsening of albumin excretion was greater in the standard therapy group; progression to
macroalbuminuria was also significant.
The objective of this study was to identify the potential risk factors with diabetes related complications at different stage of first diagnosis of diabetes to follow-up periods. In this paper, we used the cause-specific hazards
models of competing risk framework for diabetes related complications data at BIRDEM.

2. Model
The main objective of this study was to develop the competing risks model for Type 2 diabetes mellitus (T2DM)
related complications data. For the proposed model we consider seven states of one is transient “healthy” state
and others are absorbing “complications” state such as CHD (C), retinopathy (R), nephropathy (N), cataract
(CAT), TB (PUL) and other diseases such as stroke, PVD, Keto, skin, etc. (Other) and in this study we considered the patients who have without any complications at the beginning of the study.
To construct the proposed model, we assume that the estimation of one cause regards failure and the remaining
five causes are censored. Under this assumption we consider the following transitions where S denotes the state:
1) SDM → SC
2) SDM → SR
3) SDM → SN
4) SDM → SCAT
5) SDM → SPUL
6) SDM → SOther
Figure 1 shows the transition to various complications.
Now to define the model in detail, let there be n individuals are in the study when it starts and time tij ;
i = 1, 2, n . and j = 1, 2,3, 4,5, 6 . Then the defined hazard rates of this model are functions of different cova-

Figure 1. Flow diagram for the proposed competing risk model.
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riates. The extended Cox’s proportional hazard model can be expred as,

λij ( t ; z ) = λ0ij ( t ) e i ( ) j ;
z t β

i = 1, 2, , n;
j = 1, 2, , 6;

where zi ( t ) is a vector of p covariate values for the ith subject depending at time t and β is a vector of coefficients and λ0ij ( t ) is unspecified arbitrary functions and β ′j =  β j1 , β j 2 , , β jp  . Now the extension of causespecific hazard function model for different transitions defined as

λ1 ( t ; z ) = λ01 ( t ) e z (t ) β1

λ2 ( t ; z ) = λ02 ( t ) e z (t ) β2
λ3 ( t ; z ) = λ03 ( t ) e z (t ) β3
λ4 ( t ; z ) = λ04 ( t ) e z (t ) β4

λ5 ( t ; z ) = λ05 ( t ) e z (t ) β5
λ6 ( t ; z ) = λ06 ( t ) e z (t ) β6 ,
where λ01 , λ02 , λ03 , λ04 , λ05 , λ06 are arbitrary baseline hazard functions when covariates have no effects upon
given transition, and β1′, β 2′ , β3′ , β 4′ , β5′ , β 6′ are the unknown regression co-efficient vector corresponding to the
covariate set.

2.1. Estimation of Parameters
The partial likelihood function [12] for β is obtained by taking the product of all observed failure time t is
n

m

L ( β ) = ∏∏
=i 1 =j 1

z (t ) β j

ei

∑

( )

z (t ) β j

ei

R t( i )

( )

where R t( i ) be the risk set at time t(i ) .
Then the log-likelihood function becomes

=
L(β )



zi ( t ) β j


−
z
t
β
log
e
(
)
∑∑ i
∑
j

=i 1 =j 1 
R ( t( i ) )


n

m

To obtain the maximum likelihood estimator of β can be easily estimated by Newton-Raphson iterative procedure which requires the score vector and observed Fisher’s information matrix of β. Then the hth element of
score vector U ( β ) for cause j is obtained from
=
U jh ( β )

The

δ logL ( β )
= 0.
δβ jh

( h, k ) th element of Fisher’s observed information matrix I ( β ) is obtained as
δ 2 logL ( β )
−
I lp ( β ) =
; h, k =
1, 2, s, j =
1, 2,3, 4,5, 6.
δβ jl δ p β jp

2.2. Test of Hypotheses
For testing the hypotheses H 0 : β = 0 , we can use the asymptotic chi-squire for large samples as follows:

χ 2 = U ′ ( β ) I −1 ( β )U ( β )

where β is comprised of all vectors of parameters.
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3. Data and Variables

In this study the data were collected at BIRDEM hospital from medical record book from January 1984 to December 1997. All the data were registered diabetic patients at BIRDEM in the time of first diagnosis of diabetes
and we have taken those patients who were developed no complications at initial stage and followed them upto
1997. Out of 5528 patients, we have taken 2887 patients for our analysis and the other patients were excluded
for the different types of errors in information. The average duration of T2DM for these populations is approximately 5.61 years, ranging from 0.01 to 13.0 years. This study is based on the data from prospective study design. A total of 2887 diabetic patients were collected in the follow-up component of the study. In this study we
have considered the patients who have no complications at the time of first registration. After diagnosis of diabetes, they might have developed different types of complications during the subsequent follow-up periods.
Generally, different types of complications occur for diabetes such as Macro-vascular complications, Microvascular and also mixed type of complications. We also collected information on demographic, socio-economic
and anthropometric and clinical variables.
This study makes an attempt to address different types of diabetes related complications during the study period. The complications considered as, coronary heart disease (CHD), nephropathy, retinopathy, cataract, pulmonary tuberculosis (TB) and other diseases (stroke, foot ulcer, PVD, etc.). The explanatory variables are: demographic variables age, sex, family history of diabetes (FHD), etc.; socio-economic variables place of residence, educational level etc. and clinical and anthropometric variables height, weight and calculated body mass
index (BMI), blood pressure (systolic and diastolic blood pressure) and calculated mean arterial blood pressure
(MABP), 2-h after breakfast blood glucose (2-hBG) and treatment status according to the need of the individual
patients. Complications status considered the following categories: “0 = No” means the absence of complication
and “1 = Yes” means the presence of the complication and it flows for every complications. The explanatory variables considered the following categories: age (≤40 y = 0, <40 y = 1), sex (female = 0, male = 1), 2-hBG
(≤10.0 = 0, >10.0 = 1), MABP (≥93.33 = 0, 93.33 - 100.55 = 1, >100.55 = 2), BMI (≥21.46 = 0, 21.46 - 24.29 =
1, >24.29 = 2), FHD (No = 0, Yes = 1, Unknown = 3), residence (rural = 0, urban = 1, suburban = 2), schooling
(yes = 0, no = 1) and treatment (insulin = 0, tablet = 1 diet = 2).

4. Results
To construct the competing risks model for type 2 diabetes mellitus (T2DM) related complications data, we
consider one is transient ‘no complication’ state and others are absorbing (complications) state such as different
type of complications. We also assume that the estimation of one cause (complication) regards failure and the
remaining five causes are censored. Hence, if a transition ends with an event, then it is included in the model.
Table 1 shows the background characteristics of the study population. In our study we have retrieved 2887
diabetic patients. Among them male and female participant were 67.3% and 32.7% respectively. Age is a very
common risk factor for diabetes and about 86.3% of the patients were in the age group above 40 years. Most of
them (87.2%) were married during registration. Only 12.8% of them were unmarried. About two-thirds of the
diabetic subjects (68.9%) were registered from urban and only 22.4% from rural area. During registration only
about one-third of the subjects had positive family history of diabetes and about two-thirds could not confirm
whether there was any diabetic member in their families. The level of education of the patients registered in
1984 shows that about 11.4% were without any formal education, about 88.6% had primary, secondary or higher.
About one-fourth of the subjects had family members equal to or less than four and about 76.4% had family
member more than four. In our study we observe that the occupation of the respondents comprise of house-wife
29.3%, labour skilled or unskilled 7.4% and remaining 63.3% were the executive of government or non-government organizations, business proprietors, land-holder-farmers, school teachers, doctors, engineers and other
professions. Only 9.4% of diabetics gave the history of regular physical activities. Sedentary habits were reported by 38.3%. The subjects with both physical and mental works constituted the largest group (45.1%). These
occupational findings suggest that either the diabetes prevalence was less among those who were exposed to
physical activities than those who were not.
Table 2 shows the summary of transition of different types of complications. We found that the patients have
developed different types of complications such as coronary heart disease, nephropathy, diabetic retinopathy,
cataract, pulmonary tuberculosis and other disease were 5.2%, 5.8%, 6.2%, 5.6%, 2.8% and 10.8% respectively
during their follow up period among the participants who started with no complication at the initial stage.
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Table 1. Distribution of Type 2 diabetic subjects by background characteristics.
Variables

n

Frequency

Percentage

Sex:
Male
Female

2887

1940
947

67.2
32.8

Age:
≤40 y
>40 y

2887

396
2491

13.7
86.3

Marital Status:
Unmarried
Married

2865

368
2497

12.8
87.2

2887

658
1987
242

22.8
68.8
8.4

2887

1057
1199
631

36.6
41.5
21.9

Residence:
Rural
Urban
Suburban
FHD:
Yes
No
Unknown
Educational Level:
Illiterate
Primary or Higher

2887

327
2560

11.3
88.7

Family Member:
≤4
>4

2859

328
2531

23.6
76.4

845
200
1668

31.1
7.4
61.5

263
1073
1263
203

9.4
38.3
45.1
7.2

Occupation:
Housewife
Labour
Other Profession

2713

Type of Work:
Physical
Sedentary
Both
Non-Productive

2802

Table 2. Percentage distribution of diabetic patients having complications at different states.
Complications
Transition Type

No

Yes

Total

n

%

n

%

0-1

2737

94.8

150

5.2

2887

0-2

2719

94.2

168

5.8

2887

0-3

2709

93.8

178

6.2

2887

0-4

2724

94.4

163

5.6

2887

0-5

2807

97.2

80

2.8

2887

0-6

2576

89.2

311

10.8

2887

Table 3 displays the estimates of parameters for the hazards models of competing risk framework on diabetes
related complications during their follow-up period. We studied the cause defined as complications such as

6

P. A. Khanam et al.

Table 3. Estimates the multi-state hazards model for different complications.
Risk Factor

CHD

Nephropathy

Retinopathy

Coeff (SE)

HR

Coeff (SE)

HR

Coeff (SE)

HR

2-h BG
≤10.0
>10.0

−0.48** (0.205)

0.619

0.097 (0.209)

1.102

0.080 (0.217)

1.084

Age
≤40.0
>40.0

0.126 (0.401)

1.134

−1.070*** (0.220)

0.343

0.053 (0.262)

1.054

MABP
≤93.33 - 100.5
>100.5

−0.131 (0.245)
0.414* (0.235)

0.877
1.514

0.645** (0.245)
1.247*** (0.244)

1.906
3.481

−0.019 (0.199)
0.173 (0.207)

0.793
1.189

BMI
≤21.46 - 24.29
>24.29

0.116 (0.256)
0.369 (0.249)

1.122
1.446

−0.086 (0.203)
−0.263 (0.216)

0.917
0.769

−0.222 (0.188)
−0.575** (0.214)

0.801
0.563

Sex
Female
Male

−0.047 (0.199)

0.954

0.292 (0.196)

1.339

−0.212 (0.188)

0.809

Residence
Rural
Urban
Suburban

0.561* (0.300)
0.307 (0.424)

1.753
1.359

−0.137 (0.199)
−0.990** (0.415)

0.872
0.371

−0.196 (0.190)
−0.373 (0.320)

0.822
0.689

School
Literate
Illiterate

−0.321 (0.396)

0.725

0.713*** (0.230)

2.039

−0.290 (0.281)

0.748

FHD
No
Yes
Unknown

0.293 (0.198)
−0.046 (0.259)

1.340
0.955

0.182 (0.189)
0.152 (0.218)

1.199
1.164

−0.286 (0.189)
−0.072 (0.202)

0.752
1.074

Treatment
Insulin
OHA
Diet

0.350* (0.209)
0.152 (0.273)

1.419
1.164

0.137 (0.193)
0.428* (0.233)

1.147
1.534

−0.174 (0.175)
0.182 (0.238)

0.841
0.834

Coeff (SE)

HR

Coeff (SE)

HR

Coeff (SE)

HR

2-h BG
≤10.0
>10.0

−0.656*** (0.197)

0.519

0.142 (0.364)

1.153

−0.406** (0.151)

0.666

Age
≤40.0
>40.0

0.279 (0.293)

1.321

−0.457 (0.309)

0.633

−1.319*** (0.142)

0.267

MABP
≤93.33 - 100.5
>100.5

0.054 (0.214)
0.147 (0.219)

0.947
1.158

0.054 (0.275)
-0.474 (0.365)

1.055
0.623

−0.253 (0.151)
−0.249* (0.169)

0.776
0.780

BMI
≤21.46 - 24.29
>24.29

−0.119 (0.201)
−0.477** (0.224)

0.888
0.620

−1.154*** (0.325)
−0.968** (0.342)

0.315
0.380

−0.041 (0.158)
−0.033 (0.168)

0.960
0.968

Sex
Female
Male

−0.330* (0.197)

0.719

0.429 (0.330)

1.535

−0.480** (0.139)

0.619

Risk Factor

Cataract

Pulmonary
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Residence
Rural
Urban
Suburban

−0.301 (0.203)
−0.127 (0.309)

School
Literate
Illiterate

0.487** (0.234)

FHD
No
Yes
Unknown

−0.060 (0.195)
0.045 (0.223)

0.942
1.046

0.067 (0.319)
0.726** (0.285)

1.069
2.067

−0.087 (0.139)
−0.081 (0.183)

0.916
0.922

Treatment
Insulin
OHA
Diet

−0.130 (0.193)
−0.079 (0.239)

0.879
0.924

−1.559*** (0.338)
−0.894** (0.386)

0.210
0.409

−0.649*** (0.148)
−0.243 (0.173)

0.523
0.784

Model Chi-square

0.740
0.682

0.469 (0.302)
0.139 (0.487)

1.628

0.434 (0.333)

542.6573

1.599
1.149

1.543

0.211 (0.157)
0.099 (0.254)

0.177 (0.190)

1.235
1.104

1.194

p-value = 0.000

*

p < 0.10, **p < 0.05, ***p < 0.005.

CHD, nephropathy, retinopathy, cataract, pulmonary tuberculosis (TB) and other diseases and nine explanatory/predictor variables such as age, sex, 2-hBG, mean arterial blood pressure (MABP), body mass index (BMI),
area of residence, schooling, family history of diabetes (FHD) and treatment. For coronary heart disease (CHD)
we observe that the effect of lower 2-hBG have significantly greater risk as compared with high 2-hBG (2-hBG
≤10 v. >10, HR = 0.685, p < 0.02). It is also evident that the highest tertile of MABP (MABP ≤93 v. >101, HR =
1.748, p < 0.04), urban patients (rural v. urban, HR = 1.753, p < 0.05) and OHA (HR = 1.42, p < 0.08) p < 0.005)
treatments are associated significantly with greater risk for CHD than compared with high 2-hBG, lower MABP,
residence and insulin treatment. So the risk factors, 2-hBG, MABP, place of residence and treatment have significant associations for coronary heart disease (CHD) during their follow-up periods. For nephropathy, the effect of lower age (age ≤40 v. >40, HR = 0.343, p < 0.0001), middle (MABP ≤93.33 v. >93.33, HR = 1.906, p <
0.009) and highest tertile of MABP (MABP ≤93.33 v. >100.55, HR = 3.481, p < 0.0001) and illiterate (illiterate
v. literate, HR = 2.039, p < 0.002) patients have greater risk for nephropathy. So it reveals that age, MABP and
schooling have a significant association with nephropathy during follow-up period. It is only found that comparatively more lean patients (BMI: HR = 0.563, p < 0.007) have developed diabetic retinopathy. We also observe
that lower 2-hBG (2-hBG ≤10 v. >10, HR=0.519, p < 0.001), illiterate (literate v. illiterate, HR = 1.628, p <
0.037), lowest BMI (BMI ≤21.46 v. >24.29, HR = 0.620, p < 0.03) have developed cataract. So it reveals that
2-hBG, BMI are negatively associated with cataract while illiterate patients had developed cataract during their
follow-up period at a higher proportion. For pulmonary tuberculosis, comparatively more lean (BMI ≤21.46 v.
≤24.29, HR = 0.315, p < 0.0001; BMI ≤21.46 v. >24.29, HR = 0.380, p < 0.005) patients and family history of
unknown diabetes (FHD: No v. unknown, HR = 2.064, p < 0.01) are more affected by pulmonary tuberculosis. It
also shows that insulin (insulin v. OHA, HR = 0.323, p < 0.0005) treatment is not effective for TB. So for pulmonary tuberculosis, the risk factors, BMI, family history of diabetes (FHD) and treatment have significant associations with pulmonary tuberculosis. For other diseases, it is evident that comparatively lower age (age ≤40
v. >40, HR = 0.267, p < 0.0001) group, insulin (insulin v. OHA, HR = 0.75, p < 0.05) treatment and female (female v. male, HR = 0.619, p < 0.001) patients are more affected by other diseases during their follow up periods.
So it reveals that age, sex and treatment are significantly associated with other diseases.

5. Discussion
In this study, we use competing risk hazard model for diabetes related complications data during the follow-up
period. It is clear that multistate hazards models can be an ideal choice for analyzing the data which consider
transition from no complication to complication. Our study revealed that almost two-thirds were male both at in-
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itial registration and also throughout the follow-up period. We also found that urban subjects were comparatively more than compared with rural or suburban. In our study we also found that average age ±SD was 47.07 ±
12.27. This indicates that older age is also a risk factor for T2DM. In our study we have taken 2887 patients,
among them the independently individual prevalence of CHD, nephropathy, retinopathy, cataract, pulmonary
tuberculosis and other disease were 5.1%, 5.7%, 6.1%, 5.6%, 2.7% and 10.9% respectively. In our study we observe that all the complications increased in the initial period of follow-up. The complications in the initial period of follow up may be attributed to late detection and registration of diabetes when they had already developed some complications. It is also possible that the complications might aggravate to such an extent that the
many of them are lost to follow up.
The pathogenesis of the long term complications in diabetes mellitus is not fully known and controversies exist about why it occurs in some patients and not in others. This study made an attempt to define more clearly the
risk factors influencing susceptibility to such complications in T2DM. There are a few clinical studies in this direction and focused only towards one complication at a time. Therefore, we attempted to do a follow-up study of
T2DM patients with macro and micro vascular complications. This study demonstrates that an increased mean
blood pressure was a risk factor for CHD, nephropathy, retinopathy and cataract in T2DM. These results are
consistent with the finding of other studies [8] [9] [11] [13]-[17]. The presence of hypertension is a risk factor
for development of the microvascular complications [9] [18] [19]. Our result is also consistent with this finding.
We also show that male and illiterate patients are more affected by nephropathy. These results are also consistent with other studies [14] [20]. It is likely that illiterate people are poor and they live in rural areas and these
patients belong to disadvantaged communities and their complications are detected in advanced stage when they
have developed typical symptoms with weight loss and even complications like nephropathy. On the other hand
the urban people with easy access to health, might prevent or reduce the diabetic complications like nephropathy.
And it also has significant association with males. These findings are consistent with [14]. In our study, we also
observe that female patients are also more affected by cataract. This result is also consistent with other studies
[17]. We also observe that the epidemiological studies have documented tendencies for cataracts to occur more
frequently among diabetics than in the general population [17] [21]. We have demonstrated the association between the increasing 2-hBG and the risk of long-term complications for cataract and other complications.
Though many studies reported hyperglycemia as a risk factor for macrovascular complication [22]-[24]. The relation of 2-hBG to CHD in subjects with type 2 diabetes is reported as controversial in some studies [9] [25] and
the multistate models provide evidence of such association. The two most world famous prospective studies -the
Diabetes Complication Control Trial (DCCT) and the United Kingdom Prospective Diabetes Study (UK-PDS)
concluded that strict monitoring and maintenance of normal blood glucose certainly prevents micro-vascular
complications. For macrovascular complications, glycemic control could not confirm such prevention. In our
study we reveal that increased age is also a major risk factor for CHD, retinopathy and cataract with T2DM.
This result is also consistent with other studies [17] [25]-[27]. We also found that males have higher risk of
nephropathy and TB as evident from the multistate models. These results are similar to other studies [14] [28]. It
is also evident that obesity is positively associated with the complications. There is positive association of diabetes complications and older age. There is positive association between MABP and CHD, nephropathy, retinopathy, and cataract. We observe that insulin treatment is more effective than compared with other OHA for
long-term complications with T2DM. In a recent study conducted in China, it is found that newly diagnosed
T2DM patients treated with intensive insulin therapy is better remission for T2DM. Remission was attributed to
early intervention with glucose control, reducing glucotoxicity and enabling pancreatic β-cell rest and recovery
of function [29]. Different studies show that the disease progression leads to β-cells deterioration and to reduced
secretion of insulin [30]. Early diagnosis and treatment of diabetes is essential to reducing or preventing the long
term complications [31] [32]. These results are also consistent to our study for long term complications.

6. Conclusion
This study reveals that increase in blood pressure is a major risk factor for CHD and nephropathy in T2DM. We
also revealed that urban participants were more affected by CHD whereas; rural population was the most vulnerable for developing nephropathy. We also found that male and illiterate patients are more affected by nephropathy. In our study, we also reveal that female and illiterate patients are also more influenced by cataract.
Furthermore, we couldn’t prove that the increasing blood glucose is a major risk factor for complications in
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T2DM. Finally, we may conclude from this study that the multistate models can provide extensive results and it
is evident that these transitional models are more likely to reveal the underlying relationships between the complications of diabetes mellitus and the potential risk factors on the basis of longitudinal data.
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