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Abstract

Background: This study aims to determine the hazard ratio of having any
complication from diabetes mellitus, and the associations between comorbid-
ities and risk of having any complications from diabetes mellitus among di-
abetic patients who have attended government primary care clinics. Me-
thods: Secondary data were retrieved from the Malaysian National Diabetic
Registry which included all patients who received care. The data from the
study on the socio-demographic, diabetes complications, clinical and treat-
ment characteristics were analyzed using descriptive statistics. Cox regression
was performed to estimate the hazard ratio for comorbidities, tobacco use,
duration of diabetes and socio-demography characteristics upon time to di-
abetic complications. Results: Adjusted for other covariates, increase number
of comorbidities contributed the highest hazard ratio risk: 1 comorbid (aHR:
2.47, 95% CI: 2.39, 2.55), 2 comorbidities (aHR: 4.34, 95% CI: 4.22, 4.47), 3
comorbidities (aHR: 6.56, 95% CI: 6.31, 6.81) and 4 comorbidities (aHR: 9.13,
95% CI: 8.20, 10.17). Other factors: age > 40 years (8%) Malays (27%) and
smokers (10%) have hazard risks to develop diabetic complications. Conclu-
sions: Increase in number of comorbidities will increase the risk of getting
diabetes complications. Other factors such as age, gender, race, smoking sta-
tus and duration of diabetes are also noted to contribute to increase risk for

DOI: 10.4236/jdm.2018.83009 Aug. 22, 2018 84

Journal of Diabetes Mellitus


http://www.scirp.org/journal/jdm
https://doi.org/10.4236/jdm.2018.83009
http://www.scirp.org
https://doi.org/10.4236/jdm.2018.83009
http://creativecommons.org/licenses/by/4.0/

N. A. Muhamad et al.

diabetes complications.
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1. Introduction

Diabetes is a major global health problem which has put a strain on the global
economy with an estimated budget of US 1.31 trillion globally [1]. WHO re-
ported a consistent incremental trend of global diabetes up to four-fold since
1980 [2]. A recent report by the International Diabetes Federation estimated
8.8% global prevalence of diabetes or 425 million adults aged 20 to 79 years old
are diabetic [3]. The WHO data representing 130 countries indicated 382 million
people had diabetes in 2013, and this number is expected to increase up to 592
million by 2035 [2]. The trend of diabetes has been on the rise especially in low
and middle-income countries [3] [4] with 84.5% of undiagnosed diabetes which
will increase the number of diabetic cases in the future [3]. Diabetes can lead to
complications that significantly impact the quality of life and causes premature
mortality [4]. WHO estimated 3.7 million burden of deaths attributable to high
blood glucose which includes 1.5 million diabetes deaths and additional 2.2 mil-
lion deaths of other complications associated with high blood glucose level
among upper middle income and low income countries [4].

The rise in diabetes prevalence has been attributed to numerous factors, includ-
ing population growth and ageing [5]. Other factors, such as obesity and physical
inactivity, have also contributed substantially to the global diabetes burden. Thus,
preventing these factors can prevent or delay the onset of type 2 diabetes [5] [6].
Several studies have also documented clinical evidence of multiple comorbidities
which will increase the risk of diabetes complication and complicate diabetes
management [7] [8]. Comorbidities also increase the burden of medical expend-
iture and care for patients with diabetes and other range of complications for
treatment [9] [10]. Other study also indicates lower utilization of specialist care
has been proven to contribute an increased risk of diabetes complications [11].

In Malaysia, the recently published population-based survey of National
Health and Morbidity Survey 2015 indicates 17.5% of known and undiagnosed
diabetes among adults aged 18 years and above [12]. The survey also revealed an
incremental trend in diabetes prevalence from 5.5% among adults aged 18 to 19
years and peaks in older age [12]. Recent findings in Malaysia recruited patients
from general hospitals, diabetes clinics and referral clinics reported high burden
of diabetic patients with uncontrolled coexisted complications [13]. The study
also found worsening glycemic control with multiple comorbidities despite of
adherence to medication [13]. Another studies utilized a cohort of diabetes pa-

tients attended primary health care clinic in Malaysia reported high burden of
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comorbidities especially in hypertension and complications associated with di-
abetes [14] [15].

Numerous studies have been conducted to investigate factors associated with
diabetes complications [9] [16]. There were several studies in Malaysia docu-
mented types of diabetes complications [13] and medication adherence [13] [17].
However, based on our current knowledge, none of the studies measure time
factor or duration of diabetes to the development of the complications associated
with diabetes. Hence, we feel the necessity to further explore the risk of these
coexisted conditions with other predictors by considering the time factor to de-
veloping diabetes-associated complications. Understanding on these coexisted
conditions and other factors is important for health care practitioners especially
at the primary health care setting to manage diabetic patient more effectively.
This information is also essential for the primary health care provider to im-
prove the quality of care and outcomes of diabetic patient to inhibit complica-
tions and reduce the burden of chronic or secondary care as a result of diabetes
complication. Therefore, this study aims to determine the hazard factors of hav-
ing any complication from diabetes mellitus, and its association with comorbidi-
ties among diabetes patients attended government primary health care clinics by

utilizing data from the Malaysian National Diabetic Registry.

2. Methods
2.1. Data Collection

Data for this study was obtained from the National Diabetes Registry (NDR). The
NDR routinely records information on patients with diabetes mellitus (DM) ma-
naged by participating Ministry of Health (MOH) health clinics since 2009. It con-
sists of two related components, namely, the patient registry and clinical audit da-
taset. The audit dataset is a subset of the patient registry. On an annual basis, a
proportion of patients from the registry are randomly selected for auditing of clin-
ical variables and clinical outcomes and they are added to their registry record [15].

In all MOH health clinics, diabetes mellitus is diagnosed based on the plasma
glucose criteria either fasting plasma glucose (FPG) or 2-hour plasma glucose
(2-h PG) value after a 75-g oral glucose tolerance test (OGTT) or the A1C crite-
ria. The cut-off point for FPG is 126 mg/dL (7.0 mmol/L), for 2-h PG is 200
mg/dL (11.1 mmol/L) and for A1C is 6.3% (45 mmol/mol). A diagnosis of di-
abetes mellitus is confirmed when the results for any of the two tests mentioned
earlier are beyond the threshold [18].

2.2. Site Selection Criteria

There are currently 1061 health clinics managing patients with DM. However,
for this study we selected 963 participating health clinics throughout the country
that provided complete data of diabetic patients to NDR. These 963 clinics were
also chosen because these clinics participated in the NDR database project that

compiled complete information of patients with DM in primary health care set-
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ting. Health clinics which did not participate in the NDR database system were
excluded from this study.

2.3. Patient Selection Criteria

The registry includes all patients with DM managed at the participating health
clinics. These patients came with any type of DM namely Type 1 DM (T1DM),
Type 2 DM (T2DM), and other types of DM, such congenital diabetes, cystic fi-
brosis-related diabetes, steroid-related diabetes that is induced by high doses of
glucocorticoids, and several forms of monogenic diabetes. For the purpose of
this study, only patients with TIDM and T2DM were included. Additional in-
clusion criteria were DM patients aged between 20 - 70 years old, diagnosed
from year 1990 and above, with information of comorbidities; ischemic heart
disease, cerebrovascular disease, hypertension and dyslipidemia. All patients
with missing date of diagnosis and complications related to DM were excluded.
A total of 729,743 patients were identified from the registry. Of these, 567,442
were included in the final analysis. All data were de-identified prior to analysis.
This study was registered under the Malaysia National Medical Research Registry
(NMRR) with the identification number NMRR-17-33234334 and funded by
MOH. The Malaysian guideline permits the use of secondary data from the regi-
stry if the data are anonymised. Hence, the data were de-identified prior to analysis.

2.4. Statistical Analysis

Analysis was performed to determine the distributions of socio-demographic
factors, diabetes complications, namely, retinopathy, nephropathy, diabetic foot
ulcer and amputation, and number of comorbidities. For all cases with diagnosis
dates (diagnosed since 1 January 1990), the Cox proportional hazard model was
performed to calculate crude and multivariable-adjusted hazard ratios (HRs) in
the model with the variables; smoking status, type and duration of diabetes, and
number of comorbidities. Time was defined as diagnosis date to time of compli-
cations; retinopathy, nephropathy, diabetic foot ulcer and amputation. Time pe-
riods were defined as less than five years, five to ten years and more than ten
years. All analyses were performed using Stata SE 12.1 software. All reported

p-values were 2-sided, and p < 0.05 indicates a significant difference.

3. Results

During the study period, a total of 567,442 patients with mean age of 56.59 (SD
9.38) years met the inclusion criteria. About 57% (325,361) were females and more
than 60% were Malays. A majority of the patients were nonsmokers (80.5%). The
demographic characteristics of the respondents are presented in Table 1.

Clinical characteristics showed that almost 100% (564,140) of the patients
were T2DM with a mean disease duration of 7.14 (SD4.90) years. With regards
to comorbidities, almost 65% (365,765) had been diagnosed with hypertension,
55% (312,260) with dyslipidaemia, 4% ischemic heart disease and 1%
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Table 1. Demographic characteristics (N = 567,442).

Diabetic Foot

Characteristics Retinopathy  Nephropathy Ulcer Amputation
N (%) n (%) n (%) n (%) n (%)
Age group
<40 37,602 (6.63) 1116 (2.97) 1263 (3.36) 258 (0.69) 113 (0.30)
>40 529,840 (93.37) 35,321 (6.42) 38,281 (7.23) 6355 (1.20) 3419 (0.65)
Gender
Male 242,081 (42.66) 15,069 (6.22) 18,273 (7.55)  3345(1.38) 1852 (0.77)

Female 325,361 (57.34) 21,368 (6.57) 21,271 (6.54) 3268 (1.00) 1680 (0.52)

Race

Malay 358,577 (63.19) 22,656 (6.32) 28,062 (7.83)  4855(1.35) 2508 (0.70)

Chinese 92,726 (16.34) 6394 (6.90) 5723 (6.17) 653 (0.70) 400 (0.43)

Indian 73,874 (13.02) 4314 (5.84) 4153 (5.62) 820 (1.11) 490 (0.66)
Others 42,265 (7.45) 3073 (7.27) 1606 (3.80) 285 (0.67) 134 (0.32)
Smoking
status
Yes 31,999 (5.64) 2239 (7.00) 2752 (8.60) 6612 (1.17) 320 (0.62)
No 456,485 (80.45) 29,509 (6.46) 31,447 (6.89) 5088 (1.11) 2755 (0.60)

Not known 78,958 (13.91) 4673 (5.93) 5326 (6.76) 892 (1.13) 456 (0.58)

cerebrovascular disease. For each of these comorbidities, the proportion un-
known ranged between 4.3% to 8.5%. In terms of complications, 7% (39,544) of
the patients have nephropathy followed closely by retinopathy 6.42% (36,437),
diabetic foot ulcer 1.17% (6613) and amputation 0.62% (3532). A minority
comprising 0.04% (222) diabetic patients have all four complications as depicted
in Table 2.

Table 3 shows the Cox proportional hazard model on the risk of having any
complication, such as retinopathy, nephropathy and diabetic foot ulcer with
multivariable-adjusted hazard ratios (HRs) for selected socio-demographic data,
duration of diabetes, smoking, and number of comorbidities.

Age > 40 years was significantly related to slightly higher risk of complications
with an adjusted HR of 1.08 (95% CI; 1.04, 1.13) while female had lower risk
with HR of 0.87 (95% CI; 0.86, 0.88) respectively. Malay ethnicity was signifi-
cantly associated with having a significantly higher risk of any complication with
adjusted HR of 1.27 (95% CI; 1.25, 1.30). Diabetic patients who smoke were also
found to be associated with having complications with adjusted HR of 1.10 (95%
CL 1.07, 1.14). Compared to under-five years’ disease duration, longer periods
were significantly associated with a progressively lower risk of complications
(aHR 0.91; 95% CI 0.89, 0.93 for 5 - 10 years and 0.67; 95% CI 0.66, 0.69 for > 10

years). As for the number of comorbidities, the associated risk significantly
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Table 2. Clinical characteristics (N = 567,442).

Characteristics N %
Type of diabetes
Type 1 3302 0.58
Type 2 564,140 99.42

Duration of diabetes (year)

Mean(SD) 7.14 (4.90)
<5 200,666 35.36
5-10 237,419 41.84
>10 129,357 22.80

Ischemic heart disease

Yes 22,285 3.93
No 496,941 87.58
Not known 48,216 8.50

Cerebrovascular disease

Yes 6332 1.12
No 516,033 90.94
Not known 45,077 7.94
Hypertension
Yes 365,765 64.46
No 177,308 31.25
Not known 24,369 4.29
Dyslipidaemia
Yes 312,260 55.03
No 224,729 39.60
Not known 30,453 5.37
Complication
Retinopathy 36,437 6.42
Nephropathy 39,544 7.00
Diabetic foot ulcer 6613 1.17
Amputation 3532 0.62
All the above 222 0.04

increased with increasing number of comorbidities from aHR 2.47 (95% CI 2.39,
2.55) for one comorbidity to 9.13 (95% CI 8.20, 10.17) for patients with 4 com-
orbidities (Table 3).
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Table 3. Cox Proportional Hazard Ratio analysis to determine hazard of having any
complication (N = 567,442).

Factors n Hazard ratio 95% CI p-value
Age group
<40 (ref) 37,602 1.00
>40 529,840 1.08 1.04, 1.13 <0.001
Gender
Male (ref) 242,081 1.00
Female 325,361 0.87 0.86, 0.88 <0.001
Race
Chinese (ref) 92,726 1.00
Malay 358,577 1.27 1.25,1.30 <0.001
Indian 73,874 0.96 0.93,0.99 0.005
Others 42,265 1.05 1.01, 1.08 0.011

Smoking status

*No (ref) 535,443 1.00
Yes 31,999 1.10 1.07, 1.14 <0.001
Type of diabetes
Type 1 (ref) 3302 1.00
Type 2 564,140 0.92 0.83, 1.02 0.110

Duration of diabetes (year)

<5 (ref) 200,666 1.00
5-10 237,419 0.91 0.89, 0.93 <0.001
>10 129,357 0.67 0.66, 0.69 <0.001

*Number of comorbidity

0 136,983 1.00

1 174,970 2.47 2.39,2.55 <0.001
2 235,632 4.34 4.22,4.47 <0.001
3 19,020 6.56 6.31, 6.81 <0.001
4 837 9.13 8.20,10.17 <0.001

Notes: *No indicates “No” and “Not known” categories. Reference category = 1.00. Backward stepwise me-
thod was applied. *Comorbidities; ischemic heart disease, cerebrovascular disease, hypertension and dysli-
pidemia; Complications; retinopathy, nephropathy and diabetic foot ulcer.

4. Discussion

The present study examined the hazard factors affecting the risk of developing
complications in diabetic patients from the NDR registry. These were nephro-
pathy, retinopathy, diabetic foot ulcer, amputation, and combination of all four

complications. In this large primary care clinic attendance database, our study
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showed that the presence of comorbidity especially patients with more comor-
bidities, smoking, older age ethnicity had increased risk of diabetic complica-
tions at any time during the follow up from this study.

Our study found an incremental risk of complications with the increasing
number of comorbidities. Studies reported the preponderance of diabetes pa-
tients with one comorbidity as compared to multiple comorbidities [19] [20] and
the presence of comorbidity was significantly associated with diabetic complica-
tions [20] [21]. Hypertension, hyperlipidemia and obesity were the commonest
comorbidity and about 20% had the secoexisted comorbidities [20]. It was also
reported an incremental trend of obesity correlates with the rise of diabetes es-
pecially in T2DM [22].

Several studies reported hypertension was the commonest comorbidity among
diabetic patients and the findings are consistent with the present study where
64.5% patients had coexisted hypertension [7] [19] [23] [24]. In India, hyperten-
sion was the most frequent comorbid among T2DM patients living in urban area
[7]. Hypertension has been identified as an important risk factor for nephropa-
thy and increases the risk of macrovascular and microvascular complications,
which require multifactorial medication for effective treatment [8]. The results
from other studies have proven that older people are more likely to present with
cardiovascular complications, higher rates of comorbid conditions, mortality,
and geriatric syndromes than elderly without diabetes [19]. Generally, the inci-
dence and prevalence of diabetes due to obesity and aging population attributa-
ble to 15% increment in health care expenditure by 2031 [25].

In this study, nephropathy and retinopathy were more prevalent as compared
to other complications and this finding concurs with other studies [16] [24]. Re-
tinopathy was found to be a constant complication in diabetes patients [16] and
all these complications were more predominant among older age [16]. Among
all the complications, neuropathy and nephropathy were the commonest com-
bined complications [16]. According to Donate-Correa et al. [26], one third of
diabetic patients are affected by diabetic nephropathy indicates significant of so-
cial and economic burdens that could lead to the chronic of end-stage renal dis-
ease [27]. A patient with early nephropathy has two times higher risk of retino-
pathy while a patient with advanced nephropathy has six times higher risk of re-
tinopathy [28]. A study reported that predictive factors for neuropathy include
duration of diabetes, retinopathy, HbA1C at second visit, and creatinine clear-
ance on third visit [29]. Other diabetic complication such as end stage renal dis-
ease (ESRD) has shown significant predictor with diabetes-associated mortality
adjusted for socioeconomic status [30]. Other study has documented neuropathy
as the most predominant complication among diabetic patients [16] especially
among Asian patients [31].

In this study, the percentage of diabetic foot ulcer (DFU) was lower than
nephropathy and retinopathy. Though it was lower than the global prevalence,
DFU causes the highest number of hospital admissions along with considerable

costs [3]. This complication includes longer lengths of hospital stay, higher hos-
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pital costs and higher mortality rates as compared to hospitalized diabetes pa-
tients without foot-related complications [32] [33]. About 15% of DM patients
will experience a foot ulcer at some point in their life [34] and the mortality risk
increases by 2.4-fold over diabetic patients without ulcers [35].

Amputation was among the less observed complication in this study. Finding
from a population-based study in Malaysia reported 4.3% of people with known
diabetes reported of lower limb amputations [36]. However, those findings con-
tradicted with this study where less than 1% of patients underwent leg amputa-
tion. According to Goodney et al. the highest risk for amputation are those with
persistent hypertension and obesity, poor care delivery in remote settings, and
poor engagement in health care systems [37]. Moreover, other study docu-
mented more evidence that amputation have contributed to the largest changes
in quality of life of diabetic patients besides stroke and loss of vision [38].

Numerous studies discussed age as a strong independent predictor for di-
abetes and comorbidity [7] [24]. Evidently, multiple comorbidities are more
prevalent among older people [24] and types of diabetic-associated complica-
tions [16] [19]. Those findings coincide with our finding where older patients
(>40 years old) are more prone with diabetes complications. Hypertension and
hyperlipidemia are more common among older patients with T2DM compared
to younger age [19]. Thus, management of older diabetic patients with multi
comorbidities could reduce mortality associated with diabetes complication [3].

Our study found being female is a protective factor for having any complica-
tions. This finding supports other studies, as males tend to increase comorbidity
burden, which consequently impact further diabetic-related complications [19]
[33]. It is well known that cigarette smoking increases the risk of developing di-
abetes [30]. Smoking is also more prevalent among males in this study and this
condition consequently contributed to higher risk of diabetic-associated com-
plications among males. Numerous studies have documented the impact of
smoking to diabetes and consequent diabetes complications and smoking also
significantly exacerbates diabetic nephropathy in T2DM patients [39].

Our study found Malays and other ethnics had increased risk for diabetes
complications and Indians had lower risk for diabetic complication adjusted for
other covariates. This situation might be attributable to other predisposes risk
factor such as BMI where the Malays were more prone to obesity and other me-
tabolic syndrome that coexist with diabetes [30]. One review highlighted high
rates of diabetes among Asian population attributable to high prevalence of ob-
esity which is more common in developing countries [30]. As compared to
western countries, Asian people are more prone to abdominal obesity and low
muscle mass with increased insulin resistance and the waist circumference re-
flecting central obesity substantially increased the risk of developing T2DM [30]
[31]. Obese patients were more likely to develop diabetic retinopathy such in In-
dian population and those with central obesity are associated with two times
more likely to develop diabetic retinopathy [40].

Our study found duration of diabetes of more than 5 years was significantly
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protective for diabetic complications. This is contradicting with other studies as
patients with comorbidities typically had longer diabetes duration, high HbAlc
[13] [41] and increased the odds of diabetic complications [3] [13]. This con-
flicting finding might be associated with our sample population as we only in-
cluded patients attended primary health care clinics. Primary care services pro-
vide multidisciplinary and extensive diabetic care with continuous monitoring to
reduce further complications [22] as compared to patients with uncontrolled
chronic diabetic with high rate of complications from the hospital [42]. This is
further supported by data where about 1.1 million of diagnosed diabetes patients
in Malaysia received treatment at primary health care for early prevention of di-
abetes complications [22] and patients with more comorbidity tended to have
more frequent clinic visit than patients with no documented comorbidities [20].

4.1. Recommendations

Health care workers assessing diabetic patients are recommended to establish
health risk-assessment tools that include comorbidities and lifestyle assessment
for use in primary clinical care setting for prevention strategies of diabetes com-
plications. It is vital to increase awareness among the public about the constella-
tion of diseases related to having diabetes and its associated morbidities and
mortality risks. Lifestyle management is essential to regulate blood glucose in-
clude physical activity and sleeping pattern [6]. Other study also reported coun-
seling for diabetic patients to modify their diet such as glycemic control has signif-

icant cost saving through control of complications associated with T2DM [43].

4.2. Limitations

NDR data only collect information of diabetic patients attending government
primary health care clinics in Malaysia and they do not include patients attend-
ing secondary and tertiary government hospital care and private healthcare ei-
ther general practitioner or private hospitals [15]. These data also rely on the
quality of documentation from the primary health care clinics and we anticipate
incomplete information from certain variables in the NDR that reduce sample

population in our analysis.

5. Conclusions

Among all factors, increase in number of comorbidities will increase the risk of
diabetes complications. Age, gender, race, smoking status, duration of diabetes
and the number of comorbidities (ischemic heart disease, cerebrovascular dis-
ease, hypertension and dyslipidemia) are the hazard factors of having any com-
plications to the patients. Older age and male gender are more likely to have the

hazard or risk for complication.
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