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ABSTRACT

Diabetes and urbanization are major contributors to increased risk factors of cardiovascular diseases. Study-
ing whether atherogenic dyslipidaemia increases with urbanization in type 2 diabetes mellitus is, therefore,
important. The sample of the present study consisted of 400 subjects. They were categorized according
to residential area and diabetes into four groups: urban diabetic group, urban non-diabetic control group
(from a metropolitan city Delhi), rural non-diabetic diabetic group, and rural control group (from villages
of Khanpur Kalan, Sonepat, Haryana). Differences in lipid levels and risk factors of emerging cardiovascu-
lar diseases between groups were evaluated with analysis of variance. Diabetic patients of both urban and
rural areas had significantly higher total cholesterol (TC), triglycerides (TG), very low-density lipoproteins
(VLDL), TC to high-density lipoprotein cholesterol (TC/HDL) ratio, TG to high-density lipoprotein cho-
lesterol (TG/HDL) ratio, and atherogenic index (AI) compared to respective controls (p<0.05). The HDL
concentrations in urban diabetics were significantly lower (p<0.05) than in urban non-diabetic group and
rural diabetic group. Comparison between urban and rural diabetic groups showed significantly higher
atherogenic dyslipidaemia (AD) in the urban patient-group (p<0.05). We evaluated significant relation-
ships of diabetes and urbanization with AD by multiple regression analysis. Receiver operating curve (ROC)
analysis showed high area under curve (AUC) for TG/HDL in urban diabetic group (0.776, p<0.0001) and
in rural diabetic group (0.692, p<0.0001). It is concluded that diabetes was associated with higher AD pa-
rameters. Urbanization in diabetes is also associated with elevated levels of AD, indicating higher risk in
urban population. This study suggests that TG/HDL may be particularly useful as atherogenic risk predictor
in newly-diagnosed type 2 diabetic patients.
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INTRODUCTION areas (5). The real impact of diabetes is through car-
diovascular diseases (CVDs), and diabetic patients
are at high risk of developing micro- and macro-
vascular complications, with 200% greater CVD

risk than non-diabetic individuals (6-8).

The rising prevalence of diabetes in India (1,2) and
other developing countries (3) is chiefly attributed
to urbanization. Currently, India is facing a three-
fold rise in the prevalence of diabetes in urban as
well as in rural areas (4). Among the people of In-
dia, the prevalence differs between urban and rural

Atherogenic dyslipidaemia (AD), characterized by
the elevation of plasma total cholesterol (TC), trig-
lycerides (TG), TG-rich very low-density lipoproteins
(VLDL), increased low-density lipoprotein choles-
terol (LDL), and reduced high-density lipoproteins
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(HDL) contributes significantly to the excess risk of
CVD (9). The newly-addressed lipid profiles: non-
HDL, TC/HDL-C, TG/HDL-C, and LDL-C/HDL-C
ratios are proposed to be more useful than the tradi-
tional ones in CVD risk prediction (10). The Adult
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Treatment Panel (ATP-III) of the National Choles-
terol Education Program has recommended these
markers as better predictors of CVD risk in diabe-
tes (11). Some studies suggested lipid abnormalities
and higher levels of cardiometabolic risk factors in
urban populations compared to rural counterparts
(12).

With an ever-increasing incidence of both type 2
diabetes mellitus (T2DM) and CVD in most urban
populations, there has been a stressful need for
studies that could evaluate risk of cardiovascular
disease—the largest cause of death in developing
countries (13). Moreover, morbidity and mortality
due to CVD at premature age is reported to be high
in diabetes (14). Despite high prevalence (4,5,15),
there is paucity of studies showing differences in
CVD risk factors between urban and rural diabetic
population. Moreovet, data on AD among diabet-
ic patients in urban and rural areas of developing
countries, like India, are uncertain. In addition,
there are no definitive reports on the variation of
emerging cardiovascular indices, such as TG/HDL
and atherogenic index (AI) among urban and ru-
ral diabetic patients versus respective non-diabetic
controls from north India. Therefore, we studied
AD among diabetic patients from urban national
capital region versus rural area in north India.

This study was done in two locations: a metro-
politan city (New Delhi) and rural villages (District
Sonepat) of Haryana, northern India. The primary
aims were to see whether the degree of dyslipidae-
mia and associated rise in lipid risk factors of car-
diovascular diseases differed significantly between
urban and rural populations newly-diagnosed with
T2DM. The changes in diabetes patients were also
studied in comparison with controls. The effect
of confounders: smoking, alcohol consumption,
obesity, hypertension, and family history of CVD
on lipid risk factors in diabetes was ruled out by
including newly-diagnosed T2DM patients who
were non-smokers, non-alcoholics, and normoten-
sives with normal BMI, with the aim of examining
whether the AD increases in urban patients versus
rural patients of diabetes.

MATERIALS AND METHODS
Study subjects and data

This retrospective study was set up to examine the
difference in lipid risk factors of cardiovascular dis-
eases among urban and rural individuals with a
new diagnosis of T2DM between 1 April 2012 and
30 September 2012. Briefly, the study was nested in

the national capital region of Delhi (urban) and the
Khanpur Kalan region of Sonepat, Haryana (rural)
at BPS Government Medical College. The following
information was extracted from reviewing medical
records: age, gender, smoking status, alcohol con-
sumption, previous cardiovascular events, BMI,
blood pressure recordings, and laboratory results
(lipid profile).

All individuals (n=400) were stratified into four
groups (100 each) according to diabetes and resi-
dential status: (i) urban controls (age 50.3+10.4
years, 50 male/50 female); (ii) urban diabetics (age
52.949.2 years, 61 male/39 female); (iii) rural con-
trols (age 49.3£11.0 years, 51 male/49 female); and
(iv) rural diabetics (age 51.5+10.0 years, 47 male/53
female). Diabetic patients had fasting blood sugar
(FBS) >126 mg/dL according to diagnostic criteria
of the American Diabetes Association. The poten-
tial confounding variables included extreme BM],
obesity, hypertension, smoking, alcohol-use, men-
opausal women, parental history of CVD, and hy-
poglycaemic medication. Because these confound-
ers may influence the results, we excluded them
in this study. Patients on antioxidant supplements
and hypolipidaemic agents, end-stage renal disease,
active infection, pregnant females, chronic or acute
illnesses, and patients suffering from endocrine dis-
orders other than T2DM were also excluded. For
the purpose of this study, medical records/laborato-
ry entries of all the participants were retrospectively
reviewed to obtain relevant data from all subjects.

Plasma levels of fasting glucose, total choles-
terol (TC), triacylglycerol (TG), and high-density
lipoprotein (HDL) were determined by enzymatic
colorimetric methods, using commercial kits. Since
the TG level in all participants was lower than 400
mg/dL, VLDL was calculated as TG/5 and LDL, us-
ing Friedwald formula (16). Various lipid risk fac-
tors of atherosclerosis, such as non-HDL (TC-HDL),
ratios of TG/HDL, TC/HDL, LDL/HDL, and non-
HDL/HDL, were determined from the lipid profile.
Al was calculated as the logarithm of the ratio of
concentrations of TG and HDL-C [Al=log (TG/
HDL-C)] (17).

Statistical analysis

Data obtained were presented as mean+SD. Be-
tween-group differences for all variables studied
were tested by one-way analysis of variance
(ANOVA) test. Prior to ANOVA, Levene’s test for
equality of variances was performed. Parameters
with different variances in different groups yielded
a positive Levene’s test (p<0.05) where logarithmic
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transformation to the data was applied. The inde-
pendent associations (if any) of urbanization, diabe-
tes, age, and sex with lipid risk factors of cardiovas-
cular diseases were studied by multiple regression
analysis. Receiver operating curve (ROC) analysis
was done to predict the atherogenic variables statis-
tically, with higher area-under-curve (AUC) values.
A statistical significance was reported at a two-tailed
p value of <0.05. All the statistical analyses were
done using the Excel spread sheets for Microsoft
and MedCalc software (version 12.1.0) (MedCalc®,
Mariakerke, Belgium).

RESULTS

Compared to controls, there was a significant
change in FBS, lipids, and atherogenic lipid risk
factors among urban and rural diabetic patients.
There was also a significant change between urban
and rural diabetic groups with the difference being
more in the former group (Table 1). Lipids, such as
TC, TG, and VLDL, were significantly (p<0.05) in-
creased with a non-significant rise in LDL in both
categories of diabetic patients compared to their re-
spective control population. All these variables were
not significantly different between two diabetic
groups. The HDL level was found to be decreased
in both diabetic groups versus their respective con-
trols. The decrease was statistically significant in
urban patient-group when compared with urban
control group and rural diabetic group (p<0.05).
All lipid risk factors were significantly elevated in
both urban and rural patients versus their respec-

tive controls (p<0.05). All these variables presented
higher values in the urban diabetic patients when
compared with their rural counterparts (p<0.05).

To study the factors affecting the observed results,
multiple linear regression analysis was performed
with lipids and lipid risk factors as dependent vari-
ables and age, sex, diabetes, and urbanization as
independent variables. There was no significant as-
sociation of age and sex with the results observed.
It was found that atherogenic dyslipidaemia and
higher values of risk factors were associated with
urbanization and diabetes (Table 2).

The ROC analysis yielded AUC values to identify
optimum cutoff for predicting CVD risk in both
urban and rural diabetic patients. The results ob-
tained were depicted in Table 3. There were statis-
tically significant AUC values for lipid risk factors
in urban and rural patient-groups. Comparison of
ROC analysis showed that, among all lipid risk fac-
tors, the TG/HDL ratio had high AUC values in ur-
ban and rural populations as shown in Figure 1 and
2 respectively.

DISCUSSION

Our results are in agreement with the recent study
by one of us (VS Reddy) reporting AD among the
newly-diagnosed T2DM patients compared to
controls (17). The present study is novel in its ap-
proach of addressing the differences in AD between
diabetic patients of urban and rural residences of
northern India.

Table 1. Biochemical characteristics of the study population

Variable Urban controls Urban diabetics Rural controls Rural diabetics
FBS (mg/dL) 88.94+10.50 148.39+38.22" 91.05+11.77 162.80+57.24%
TC (mg/dL) 202.54+43.30 219.05+51.56" 199.74+44.19 222.46+56.621
TG (mg/dL) 157.63+66.50 218.65+85.38" 157.33+67.62 215.42+84.481
HDL (mg/dL) 43.41+6.34 38.15+8.35" 44.0616.65 45.30+6.708
LDL (mg/dL) 126.09+44.24 132.64452.99 126.31+44.59 131.21450.12
VLDL (mg/dL) 31.42£13.32 43.81+17.11* 31.45+13.56 43.14+16.921
Non-HDL 159.13+38.32 180.90+48.63" 155.69+38.94 177.17+£51.841
TC/HDL 4.65+0.61 5.90+1.48" 4.51£0.60 4.89+0.80%
TG/HDL 3.67£1.56 6.02+2.83" 3.59+1.48 4.83+1.90%
LDL/HDL 3.00£0.80 3.361£1.04" 2.83£0.69 2.87£0.86%
Non-HDL/HDL 3.65+0.61 4.90+1.48" 3.51+0.60 3.89+0.80%

Al 0.53+0.18 0.73+0.20" 0.52+0.17 0.65+0.19%
*p<0.05 between urban controls and urban diabetic groups; p<0.05 between rural controls and rural dia-
betic groups; ¥p<0.05 between urban and rural diabetic groups; Al=Atherogenic index; FBS=Fasting blood
sugar; HDL=High-density lipoprotein; LDL=Low-density lipoprotein; Non-HDL=TC-HDL; TC=Total cho-
lesterol; TG=Triglycerides; VLDL=Very low-density lipoprotein
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Table 2. Results of multiple regression analysis in the study population

Independent variable

Dependent variable Diabetes Urbanization

B SE of B p B SE of B P
TC 18.62 5.10 0.0003 -1.54 5.28 0.76
TG 60.50 7.96 <0.0001 2.68 8.24 0.74
HDL -2.32 0.76 0.0025 -3.66 0.79 <0.0001
LDL -2.60 5.02 0.60 -1.13 5.20 0.82
VLDL 12.24 1.59 <0.0001 0.49 1.65 0.76
Non-HDL 20.94 4.64 <0.0001 2.11 4.80 0.65
TC/HDL 0.84 0.10 <0.001 0.51 0.10 <0.0001
TG/HDL 1.86 0.21 <0.0001 0.62 0.22 0.005
LDL/HDL 0.18 0.09 0.038 0.27 0.093 0.0031
Non-HDL/HDL 0.84 0.10 <0.0001 0.51 0.10 <0.0001
Al 0.17 0.01 <0.0001 0.05 0.02 0.017

Al=Atherogenic index; HDL=High-density lipoprotein; LDL=Low-density lipoprotein; Non-HDL=TC-
HDL; SE=Standard error of coefficient; TC=Total cholesterol; TG=Triglycerides; VLDL=Very low-density
lipoprotein; p=Coefficient; p=Statistical significance

Table 3. Receiver operating characteristic curves for atherogenic lipid risk factors in urban and rural

population

Urban controls vs Urban diabetics

ROC characteristics

Rural controls vs Rural diabetics

ROC characteristics

— Variable —
pvalue AUC Ssiisclfggtt};/ Criterion Criterion Ssi)nesclluﬁ‘gttyy/ AUC  pvalue
0.0012  0.628 81/44 >145 Non-HDL >141 79/43 0.622  0.0044
<0.0001 0.775 59/90 >5.4 TC/HDL >4.4 74/48 0.637  0.0014
<0.0001 0.776 76/74 >4.1 TG/HDL >5.0 51/87 0.692 <0.0001
0.0011  0.632 52/74 >3.2 LDL/HDL >2.7 62/54 0.520  0.671
Non-HDL/
<0.0001 0.775 59/90 >4.4 HDL >3.4 74/48 0.637  0.0014
<0.0001  0.775 76/74 >0.61 Al >0.60 52/85 0.691 <0.0001

protein; Non-HDL=TC-HDL,; TC=Total cholesterol;
tein; p=Statistical significance

Al=Atherogenic index; AUC=Area under curve; HDL=High-density lipoprotein; LDL=Low-density lipo-

TG=Triglycerides; VLDL=Very low-density lipopro-

Dyslipidaemia is one of the major risk factors of CVD
in diabetes (18). We observed significantly higher
levels of lipids (TC, TG, and VLDL) and all lipid risk
factors in both urban and rural diabetic patients
compared to their respective controls. In this study,
the LDL levels increased, though not significantly,
in both urban and rural diabetic patients. Although
LDL might not be higher, its metabolism is abnor-
mal in T2DM (19-21). Further, T2DM increased the
risk of CVD mortality independent of LDL levels,
adding to the greater overall cardiovascular risk in
this population (22). Furthermore, studies among
northern Indians have shown high TC, TG, and low
HDL as the most common lipid abnormalities, with

high prevalence of low HDL (12,23-24). There was
a decrease in HDL level in both the patient-groups
but the decrease was significant only in urban dia-
betics group compared to the urban control group.
These findings clearly indicate atherogenic changes
among diabetic patients.

It has been proposed that the emerging markers
of CVD risk, such as non-HDL, ratios of individual
lipids to HDL, and Al could serve as sensitive mark-
ers of insulin resistance, surrogates of small dense
LDL, beta-cell function and are better independent
predictors of atherosclerosis than the individual
lipid parameters (25-29). Al has been proposed as
a simple means to estimate AD and the residual
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value >4.1) in urban diabetic group

Figure 1. Comparison of receiver operating curve analysis of atherogenic lipid risk factors,
showing high area-under-curve value for TG/HDL-C (AUC 0.776, p<0.0001, criterion
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cardiovascular risk in T2DM even when LDL is at
or below targets in T2DM (27). In accordance with
the above observations, the significantly increased
lipid risk factors in our study indicate the presence
of atherogenic risk in newly-diagnosed T2DM pa-
tients. In addition, we propose different criteria for
lipid risk factors for predicting CVD risk in urban
and rural diabetic patients (Table 3). Among all li-
pid risk factors, high AUC values were observed for
TG/HDL, indicating the importance of this ratio
as a cardiovascular risk predictor even in the early
stages of T2DM. We found that the TG/HDL ratio
showed high AUC values of 0.776 (p<0.0001) in ur-
ban diabetics group (Figure 1) and 0.692 (p<0.0001)
in rural diabetics group (Figure 2), with a criterion
values of >4.1 and >5.0 respectively.

Furthermore, atherogenic risk factors were sig-
nificantly high in urban patients versus rural pa-
tients, suggesting increased risk with urbanization.
Recently, Ramachandran et al. (1), reported high
cardiovascular risk factors associated with urbani-
zation in India. It is clear from our data that these
differences in lipid risk factors between urban and
rural patient-groups might be attributable to sig-
nificantly decreased HDL level in urban diabetics
group versus rural diabetics group. Therefore, par-

ticularly higher levels of AD in the urban group are
clinically meaningful owing to the changes in HDL.
The most common abnormality found in diabetes
is high TG with low HDL—the hallmark of AD
(27). Low HDL levels are often accompanied with
elevated TG levels as seen in this study and others,
and this combination has been strongly associated
with an increase in risk (30,31). Recent evidence
suggests that increased VLDL in diabetes results
in high levels of atherogenic remnants and lower
levels of athero-protective HDL, causing vascular
complications (32). Hyperglycaemia increases the
risk of microvascular complications while dyslipi-
daemia, a modifiable CVD risk factor that remains
largely uncontrolled in T2DM, is a major risk fac-
tor of macrovascular complications (33,34). In ad-
dition, hyperglycaemia progressively increases the
transfer of cholesterol esters from HDL to VLDL, di-
minishing HDL levels (35). Increased HDL catabo-
lism, free fatty acid flux, and impaired lipoprotein
lipase results in higher TG levels, hypercholestero-
laemia and lower HDL levels (18,30,36).

It has been reported that T2DM is an independent
risk factor of CVD, and the risk is three- to four-fold
high compared to non-diabetic population (37,38).
To better study the effect of urbanization on AD, we
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Figure 2. Comparison of receiver operating curve analysis of atherogenic lipid risk factors,
showing high area-under-curve value for TG/HDL-C (AUC 0.692, p <0.0001, criterion

value >5.0) in rural diabetic group
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performed the multiple regression analysis showing
independent association of diabetes with TC, TG,
HDL, VLDL and non-HDL levels. The higher levels
of TC/HDL, TG/HDL, LDL/HDL, non-HDL/HDL,
Al and lower levels of HDL in our study population
were associated significantly and independently
with both diabetes and urbanization. This clearly
suggests that, in addition to diabetes-associated in-
creased atherogenic lipid risk factors, urbanization
showed independent effect over increased lipid risk
factors in diabetes. We could not observe any sig-
nificant difference in age and sex between diabetic
and non-diabetic groups nor could these variables
be associated significantly with lipid abnormalities
in a multiple regression analysis.

Urbanization leads to unhealthy changes in life-
style, thus adversely affecting metabolic changes
leading to a two-fold increase in diabetes risk in ur-
banized areas of India than rural India due to indus-
trial development and lifestyle changes (4,39,40).
In this study, we excluded smokers, alcoholics, and
abnormal BMI to nullify their effect on the results.
However, our study has certain limitations, such as
lack of data on insulin resistance. Nevertheless, as
has been well-documented previously, increased
TG/HDL-C and Al, which we have also observed

in the present study, may serve as sensitive markers
for insulin resistance.

Strengths and limitations

We do not have data through direct interviews or
questionnaire on diet, physical exercise, education,
occupation, and sedentary activity, this being the
limitation of the study. As we investigated differ-
ences in lipid risk factors in a retrospective study,
we cannot rule out the fact that physical activity
might influence results. Recent studies have re-
ported that exercise and habitual physical activity
effectively improves lipid abnormalities, increasing
HDL levels in diabetes (41,42). Most of them in the
rural group were farmers requiring a lot of physi-
cal activity. On the other hand, most of the partici-
pants in urban group might have been engaged in
work that would require less physical activity com-
pared to rural participants. This may have probably
accounted for the higher levels of lipid risk factors
in the urban diabetic population compared to that
of their rural counterparts.

However, the rural region in this study is a devel-
oping region that lies close to urban region called
national capital region of India. Recent evidence
suggests that developing rural parts of the country
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are following the transition of urban India with
high rates of diabetes and associated high mortality
attributable to cardiovascular risk (43). In light of
this, our study reporting the differences of various
lipid risk factors among urban and rural population
is, therefore, important in view of urban transition
which may occur in the rural region of this study,
which is 100 km close to urban national capital re-
gion of India. It is noteworthy that our study is of
much importance in line with the recent reports
from north India, showing urban-rural differences
in lipid profile and the urban way of living, leading
to an increase in the prevalence of the well-known
risk factors of coronary heart disease (44,45).

Conclusions

AD was found in diabetic patients of both urban
and rural residence, with higher levels of lipid risk
factors in the urban patients. The rise in lipid risk
factors was associated independently with dia-
betes and urbanization in our study population,
indicating increased risk with urbanization. This
would suggest that these patients certainly require
physical exercise, diet and lifestyle management
in addition to therapeutic intervention to correct
abnormal values of atherogenic lipid risk factors,
importantly targeting hypertriglyceridaemia and/
or hypo-HDL-cholesterolaemia. Our study, owing
to the independent association of diabetes and ur-
banization with AD, would direct us and others for
further large prospective studies in determining the
contribution of diet, exercise, education, occupa-
tion, physical activity, and lifestyle patterns to the
increased atherogenic lipid risk factors with urbani-
zation.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the support re-
ceived from Prof. R.C. Siwach, Director, and Ms So-
nia, Lab Technician, BPS GMC, Haryana and also
specially acknowledge Dr. Aparna R. Bitla, Associate
Professor of Biochemistry, SVIMS, Tirupati, A.P, for
valuable advice on statistical analysis.

REFERENCES

1. Ramachandran A, Mary S, Yamuna A, Murugesan N,
Snehalatha C. High prevalence of diabetes and car-
diovascular risk factors associated with urbanization
in India. Diabetes Care 2008;31:893-8.

2. Misra A, Pandey RM, Devi JR, Sharma R, Vikram NK,
Khanna N. High prevalence of diabetes, obesity and
dyslipidaemia in urban slum population in northern
India. Int ] Obes Relat Metab Disord 2001;25:1722-9.

10.

11.

12.

13.

14.

Zimmet P, Alberti KG, Shaw J. Global and socie-
tal implication of the diabetes epidemic. Nature
2001;414:782-7.

Ebrahim S, Kinra S, Bowen L, Andersen E, Ben-
Shlomo Y, Lyngdoh T et al.; Indian Migration Study
Group. The effect of rural-to-urban migration on
obesity and diabetes in India: a cross-sectional study.
PLoS Med 2010;7:¢1000268. doi: 10.1371/journal.
pmed.1000268.

Mohan V, Pradeepa R. Epidemiology of diabetes
in different regions of India. Health Administrator
2009;22:1-18.

Joshi SR, Parikh RM. India—diabetes capital of the
world: now heading towards hypertension. ] Assoc
Physicians India 2007;55:323-4.

Mohan V, Deepa M, Deepa R, Shanthirani CS,
Farooq S, Ganesan A et al. Secular trends in the
prevalence of diabetes and impaired glucose toler-
ance in urban South India—the Chennai Urban
Rural Epidemiology Study (CURES-17). Diabetologia
2006;49:1175-8.

Grundy SM, Howard B, Smith S, Jr., Eckel R, Redberg
R, Bonow RO. Prevention Conference VI: Diabetes
and Cardiovascular Disease: executive summary;
conference proceeding for healthcare professionals
from a special writing group of the American Heart
Association. Circulation 2002;105:2231-9.

Garg A, Grundy SM. Management of dyslipidemia
in NIDDM. Diabetes Care 1990;13:153-69.

McLaughlin T, Reaven G, Abbasi F Lamendola C,
Saad M, Waters D et al. Is there a simple way to iden-
tify insulin-resistant individuals at increased risk of
cardiovascular disease? Am ] Cardiol 2005;96:399-
404.

Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults. Executive
Summary of the Third Report of the National Cho-
lesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III).
JAMA 2001;285:2486-97.

Malhotra P, Kumari S, Singh S, Varma S. Isolated li-
pid abnormalities in rural and urban normotensive
and hypertensive north-west Indians. ] Assoc Physi-
cians India 2003;51:459-63.

Purohit P. Cardiovascular diseases risk evaluation in
newly diagnosed type-2 diabetics: an association of
novel biomarkers apo proteins and C-peptide. Indian
] Endocrinol Metab 2012;16:1061-2.

Swerdlow AJ, Jones ME. Mortality during 25 years of

follow-up of a cohort with diabetes. Int ] Epidemiol
1996;25:1250-61.

500



Urban-rural differences in atherogenic dyslipidaemia

Agrawal P et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Kutty VR, Soman CR, Joseph A, Pisharody R, Vi-
jayakumar K. Type 2 diabetes in southern Kerala:
variation in prevalence among geographic divisions
within a region. Natl Med ] India 2000;13:287-92.

Friedewald WT, Levy RI, Fredrickson DS. Estimation
of the concentration of low-density lipoprotein cho-
lesterol in plasma, without use of the preparative ul-
tracentrifuge. Clin Chem 1972;18:499-502.

Manohar SM, Vaikasuvu SR, Deepthi K, Sachan A,
Narasimha SRPVL. An association of hyperglycemia
with plasma malondialdehyde and atherogenic lipid
risk factors in newly diagnosed Type 2 diabetic pa-
tients. J Res Med Sci 2013;18:89-93.

Mooradian AD. Dyslipidemia in type 2 diabetes mel-
litus. Nat Clin Pract Endocrinol Metab 2009;5:150-9.

U.K. Prospective Diabetes Study 27. Plasma lipids
and lipoproteins at diagnosis of NIDDM by age and
sex. Diabetes Care 1997;20:1683-7.

Steiner G. Lipid intervention trials in diabetes. Dia-
betes Care 2000;23(Suppl 2):B49-53.

Hettihewa LM, Gunasekera SW, Jayasinghe SS, Pal-
angasinghe S, Weerarathna TP, Kotapola I. Lipid ab-
normalities in type 2 diabetes mellitus patients in Sri
Lanka. Galle Med ] 2007;12:1-4.

Stamler J, Vaccaro O, Neaton JD, Wentworth D. Di-
abetes, other risk factors, and 12-yr cardiovascular
mortality for men screened in the Multiple Risk Fac-
tor Intervention Trial. Diabetes Care 1993;16:434-
44,

Gupta R, Prakash H, Kaul V. Cholesterol lipoproteins,
triglycerides, rural-urban differences and prevalence
of dyslipidaemia among males in Rajasthan. ] Assoc
Physicians India 1997;45:275-9.

Chadha SL, Gopinath N, Shekhawat S. Urban-rural
differences in the prevalence of coronary heart dis-
ease and its risk factors in Delhi. Bull World Health
Organ 1997;75:31-8.

McLaughlin T, Abbasi E, Cheal K, Chu J, Lamendola
C, Reaven G. Use of metabolic markers to identify
overweight individuals who are insulin resistant.
Ann Intern Med 2003;139:802-9.

Hanak V, Munoz ], Teague J, Stanley A, Jr., Bittner
V. Accuracy of the triglyceride to high-density li-
poprotein cholesterol ratio for prediction of the
low-density lipoprotein phenotype B. Am ] Cardiol
2004;94:219-22.

Hermans MP, Ahn SA, Rousseau ME. The atherogen-
ic dyslipidemia ratio [log(TG)/HDL-C] is associated
with residual vascular risk, beta-cell function loss
and microangiopathy in type 2 diabetes females. Li-
pids Health Dis 2012;11:132. doi: 10.1186/1476-511-
X-11-132.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Temelkova-Kurktschiev T, Hanefeld M. The lipid
triad in type 2 diabetes-prevalence and relevance of
hypertriglyceridaemia/low high-density lipoprotein
syndrome in type 2 diabetes. Exp Clin Endocrinol Dia-
betes 2004;112:75-9.

Dobiasova M. Atherogenic index of plasma
[log(triglycerides/HDL-cholesterol)]: theoretical
and practical implications. Clin Chem 2004;50:
1113-5.

Gordon L, Ragoobirsingh D, Morrison EY, Choo-
Kang E, McGrowder D, Martorell E. Lipid profile
of type 2 diabetic and hypertensive patients in the
jamaican population. J Lab Physicians 2010;2:25-
30.

Lamarche B, Després J-P, Moorjani S, Cantin B, Da-
genais GR, Lupien P-J. Triglycerides and HDL-choles-
terol as risk factors for ischemic heart disease. Results
from the Québec cardiovascular study. Atherosclerosis
1996;119:235-45.

Adiels M, Olofsson SO, Taskinen MR, Borén ]J. Dia-
betic dyslipidemia. Curr Opin Lipidol 2006;17:238-
46.

Stratton IM, Adler A, Neil HA, Matthews DR, Manley
SE, Cull CA et al. Association of glycaemia with mac-
rovascular and microvascular complications of type
2 diabetes (UKPDS 35): prospective observational
study. BMJ 2000;321:405-12.

Farmer JA. Diabetic dyslipidemia and atheroscle-
rosis: evidence from clinical trials. Curr Diab Rep
2008;8:71-7.

Goldberg IJ. Diabetic dyslipidemia: causes and con-
sequences. ] Clin Endocrinol Metab 2001;86:965-71.

Verges BL. Dyslipidaemia in diabetes mellitus. Re-
view of the main lipoprotein abnormalities and their
consequences on the development of atherogenesis.
Diabetes Metab 1999;25(Suppl 3):32-40.

Ruiz ], Thillet J, Huby T, James RW, Erlich D, Flandre
P et al. Association of elevated lipoprotein(a) levels
and coronary heart disease in NIDDM patients. Re-
lationship with apolipoprotein(a) phenotypes. Dia-
betologia 1994;37:585-91.

Zargar AH, Wandroo FA, Wadhwa MB, Laway BA,
Masoodi SR, Shah NA. Serum lipid profile in non-
insulin-dependent diabetes mellitus associated with
obesity. Int ] Diab Dev Ctries 1995;15:9-13.

Deo SS, Zantye A, Mokal R, Mithbawkar S, Rane §,
Thakur K. To identify the risk factors for high preva-
lence of diabetes and impaired glucose intolerance
in Indian rural population. Int | Diab Dev Ctries
2006;26:19-23.

Mohan V, Mathur P, Deepa R, Deepa M, Shukla DK,
Menon GR et al. Urban rural differences in preva-

Volume 32 | Number 3 | September 2014

501



Urban-rural differences in atherogenic dyslipidaemia

Agrawal P et al

41.

42.

lence of self-reported diabetes in India—the WHO-
ICMR Indian NCD risk factor surveillance. Diabetes
Res Clin Pract 2008;80:159-68.

Hayashino Y, Jackson JL, Fukumori N, Nakamura
F Fukuhara S. Effects of supervised exercise on li-
pid profiles and blood pressure control in people
with type 2 diabetes mellitus: a meta-analysis of
randomized controlled trials. Diabetes Res Clin Pract
2012;98:349-60.

Tolfrey K, Jones AM, Campbell IG. The effect of aero-
bic exercise training on the lipid-lipoprotein profile of
children and adolescents. Sports Med 2000;29:99-112.

43.

44.

45.

Chow CK, Raju PK, Raju R, Reddy KS, Cardona
M, Celermajer DS et al. The prevalence and man-
agement of diabetes in rural India. Diabetes Care
2006;29:1717-8.

Yadav D, Gupta M, Mishra S, Sharma P. Reference
interval for lipid profile in North Indian population
from Rajasthan according to various partitioning cri-
teria. Clin Chim Acta 2013;426:145-51.

Kumar R, Singh MC, Singh MC, Ahlawat SK, Thakur
JS, Srivastava A et al. Urbanization and coronary

heart disease: a study of urban-rural differences in
northern India. Indian Heart ] 2006;58:126-30.

502



