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ABSTRACT
Background. The pattern of dyslipidaemia in South Asia

is believed to be different from that in other parts of the world.
Nonetheless, limited population-based data are available
from the region. We assessed the prevalence, types of, and
factors associated with dyslipidaemia among South Asians.

Methods. We used baseline data (2010–11) of the
Center for Cardiometabolic Risk Reduction in South Asia
(CARRS) cohort of 16 287 representative urban adults aged
>20 years from Chennai and Delhi in India and Karachi in
Pakistan. Total cholesterol (TC) was measured by the
enzymatic-cholesterol oxidase peroxidase method, high-density
lipoprotein-cholesterol (HDL-C) by the direct homogeneous
method and triglycerides (TG) by enzymatic methods. Low-
density lipoprotein-cholesterol (LDL-C) was calculated using

Friedewald’s formula. We defined high TC >200 mg/dl or
on medication; hypertriglyceridaemia >150 mg/dl, high
LDL-C >130 mg/dl or on medication and low HDL-C <40
mg/dl for males, <50 mg/dl for females. Multivariate
logistic regression was carried out to assess the factors
associated with dyslipidaemia.

Results. The prevalence of any dyslipidaemia was 76.4%,
64.3% and 68.5% among males and 89.3%, 74.4% and
79.4% among females in Chennai, Delhi and Karachi,
respectively. The prevalence of elevated TC was higher in
Chennai compared to Delhi and Karachi (31.3%, 28.8%
and 22.9%, respectively); males had a significantly greater
prevalence of high TG, whereas females had a greater
prevalence of low HDL-C in all the three cities. The most
common lipid abnormality in all three cities was low HDL-C,
which was seen in 67.1%, 49.7% and 61.3% in Chennai,
Delhi and Karachi, respectively. Only 2% of the participants
were on lipid-lowering drugs. Adjusted for other factors,
dyslipidaemia was positively associated with age, female sex,
obesity, hypertension, diabetes and tobacco use.

Discussion. Overall, almost seven in ten adults in urban
South Asia have some form of dyslipidaemia, and the
predominant subtypes were low HDL-C and high TG.
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INTRODUCTION
Coronary heart disease (CHD) is the most important cause of
mortality and the major cause of morbidity worldwide.1 Most
(60%) of the burden of CHD is in low- and middle-income
countries.1,2 Between 1990 and 2016, CHD increased by 81% to
become the leading cause of death in low- and middle-income
countries, while during the same period, it decreased by 43% in
high-income countries.3 Concurrently, the prevalence of CHD
was also reported to be higher in South Asians compared to
other ethnic groups in several studies.3–6

Dyslipidaemia or abnormal levels of serum lipids constitute
one of the important independent modifiable risk factors7 and
are estimated to account for 56% of CHD.8,9 Several studies have
found a strong association between dyslipidaemia and CHD
worldwide7,10 including in South Asians.11–13

Limited data are available regarding the prevalence of
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dyslipidaemia among South Asians. With economic growth
and lifestyle changes in South Asia, the prevalence of
dyslipidaemia is expected to increase and will have a major
impact on CHD-related deaths among this population.
Furthermore, there is a need to classify the most important types
of dyslipidaemia as this may influence what treatments can
successfully lower CHD events and mortality in the region. We,
therefore, conducted a population-based survey to determine
the frequency and pattern of dyslipidaemia and its associated
factors in three metropolitan cities of South Asia. We report the
lipid profiles in Chennai (India), Delhi (India) and Karachi
(Pakistan); determine the types of dyslipidaemia across
subpopulations (city, age and sex) and also assess the factors
associated with dyslipidaemia.

METHODS
We analysed cross-sectional survey data collected in 2011 from
the baseline of the Center for Cardiometabolic Risk Reduction
in South Asia (CARRS) study cohort. The study setting, sample
size calculation, sampling procedure and data collection have
been published earlier.14 The study used multistage cluster
random sampling to recruit 16 287 non-pregnant adult females
and males aged >20 years who were representative of Chennai
(India), Delhi (India) and Karachi (Pakistan). All participants (or
their next of kin or caregivers) provided written informed consent
prior to enrolment. Data were collected through household
interviews in local languages and standardized measurements
of anthropometry and blood pressure. Blood samples (15 ml)
were collected in fasting state in the morning. For the three cities
together, response rates were 94.7% for questionnaire
completion and 84.3% for bio-specimens.

Specimen handling and laboratory analysis
The blood samples were transported from field sites in cold
chain to the laboratories for analysis. All the three accredited
laboratories in respective cities participated in a Randox
International Quality Assessment Scheme. Blood samples were
analysed on the same day they were collected.

Total cholesterol (TC) was measured by the enzymatic-
cholesterol oxidase peroxidase method, high-density lipoprotein-
cholesterol (HDL-C) by the direct homogeneous method and
triglycerides (TG) by enzymatic methods (Roche-Diagnostics,
Switzerland). Low-density lipoprotein-cholesterol (LDL-C) was
calculated using the Friedewald formula.

Plasma glucose was measured by the hexokinase/kinetic
method in Chennai and Delhi and by the glucose oxidase/end-
point method in Karachi. The glycated haemoglobin (HbA1c)
was measured by the high-performance liquid chromatography
method.

Study measures and definitions
Dyslipidaemia was defined according to the ATPIII guidelines:15

high cholesterol if TC >200 mg/dl (5.17 mmol/L) or on lipid-
lowering medicine; hypertriglyceridaemia if TG >150 mg/dl
(1.69 mmol/L); high LDL cholesterol if LDL-C >130 mg/dl
(3.36 mmol/L) or on lipid-lowering medicine and low HDL-C if
HDL-C <40 mg/dl (1.03 mmol/L) among males or <50 mg/dl
(1.29 mmol/L) among females. ‘Any type of dyslipidaemia’ was
defined if one or more abnormal serum lipids were present. We
also calculated non-HDL-C by subtracting HDL-C from TC.
High non-HDL-C was defined as >150 mg/dl (1.69 mmol/L).

Based on participant responses, education was categorized

as no formal education, high/secondary schooling and college
graduate and above. To characterize household wealth, principal
component analysis was used and the total scores were
categorized in tertiles of socioeconomic status (lowest tertile
representing the poorest and highest tertile representing the
wealthiest).16 Occupation was categorized into those not
working, unskilled, skilled, trained and professional. Intake of
fruits (all fruits and fruit juices) and vegetables (leafy green, raw
and cooked vegetables) from the Food Frequency Questionnaire
was categorized into <2 servings/day, 2–4 servings/day and >4
servings/day. Body mass index (BMI) was reported as: <23,
23–25 and >25 kg/m2. Hypertension was defined as on medication
or an average of two blood pressure (BP) readings where
systolic BP >140 mmHg and/or a diastolic BP >90 mmHg. Pre-
hypertension was defined as systolic BP between 120 and 140
mmHg and/or diastolic BP between 80 and 90 mmHg using the
JNC-7 criteria.17 Diabetes was categorized as no diabetes, pre-
diabetes, newly diagnosed diabetes and known diabetes. Known
diabetes was defined as individuals with a self-reported history
of diabetes. Newly diagnosed diabetes was defined as fasting
plasma glucose (FPG) >126 mg/dl and/or HbA1c >6.5% and no
prior diagnosis of diabetes. Pre-diabetes was defined as FPG
100–125 mg/dl (impaired fasting glucose or HbA1c 5.7%–6.4%)
and no prior diagnosis of diabetes. Current tobacco use and
alcohol consumption were categorized as Yes/No based on
participant responses.

Statistical analysis
The analysis was done on Stata software (version 14.2 SE,
StataCorp, TX, USA) with appropriate sampling weights. We
used multiple imputations to account for missing outcomes.
The number of missing values in the CARRS dataset has been
published previously.16 In short, missing values in the
questionnaires, blood pressure, BMI, blood biochemistry and
overall were 0%, 4.9%, 23%, 15.8% and 25%, respectively.
Imputation methods are described in greater detail elsewhere.16

All the estimates are reported for the multiple imputed dataset
unless otherwise specified.

Continuous variables were displayed as mean and 95%
confidence interval (CI) and percentages (95% CI) for categorical
variables. Characteristics of the population were summarized
overall and for males and females separately stratified by the city.
We reported mean levels of lipids and prevalence of dyslipidaemia
standardized to world population overall, stratified by sex and
city using the WHO’s world standard population.18 We used the
SVY technique for all analyses to account for the complex survey
design, including survey strata and sampling weights.

Associations between risk factors and dyslipidaemia were
assessed using multivariate logistic regression analysis with
abnormal serum levels of high TC, high TG, high LDL-C, low
HDL-C and any type of dyslipidaemia as dependent variables.
Age (centred to mean), sex, education, occupation, wealth
index, consumption of fruits and vegetables, BMI, presence of
hypertension and diabetes and tobacco and alcohol use were
considered independent variables. To assess the relationship
of age with abnormal serum levels of high TC, high TG, high
LDL-C, low HDL-C and any type of dyslipidaemia, the scatter
plot was plotted between proportions with abnormal serum
levels with age. In addition, we did a sensitivity analysis by
excluding participants on treatment for dyslipidaemia in the
regression model.

A sensitivity analysis for estimates (means and prevalences)
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between the complete case dataset and multiple imputed datasets
was also performed. We also reported estimates that were age–
sex standardized to the regional population.18

The study was approved by the ethics committees of the
Madras Diabetes Research Foundation (Chennai), Public Health
Foundation of India and All India Institute of Medical Sciences
(AIIMS, Delhi), Aga Khan University (Karachi) and Emory
University (Atlanta). Written informed consent was obtained
from all participants.

RESULTS
General characteristics of the study population
Of the 16 287 participants, 42.4% (6906) were recruited from
Chennai, 32.9% (5364) from Delhi and 24.7% (4017) from Karachi.
The mean (95% CI) age of the participants was 42.2 (41.1, 43.4)
years and 53.3% were females (Table I). Overall, compared to
males, females were slightly younger (41.2 v. 43.4 years), were
less likely to report smoking (6.9% v. 41.2%), report alcohol use

TABLE I. Description of the study population stratified by sex and city
Variable Chennai Delhi Karachi

Mean age (years)
Total 41.1 (39.7–42.6) 44.1 (42.0–46.2) 41.7 (41.1–42.2)
Males 42.4 (40.2–44.6) 44.8 (41.8–47.8) 43.2 (42.2–44.2)
Females 40.1 (38.2–41.9) 43.4 (40.6–46.3) 43.4 (40.6–46.3)
Sex (%)
Males 46.1 (37.7–54.4) 50.1 (40.0–60.2) 47.1 (45.1–49.1)
Females 53.9 (45.6–62.3) 49.9 (39.8–60.0) 52.9 (50.9–54.9)
Current smokers (%)
Total 20.6 (17.1–24.2) 23.9 (19.4–28.4) 27.0 (25.2–28.8)
Males 40.9 (38.4–43.5) 40.7 (36.0–45.5) 42.5 (39.6–45.4)
Females 3.3 (2.4–4.1) 7.0 (5.1–9.0) 13.1 (11.0–15.2)
Current alcohol use (%)
Total 21.2 (17.1–25.3) 16.1 (12.1–20.1) 2.4 (1.6–3.1)
Males 46.0 (43.4–48.5) 32.0 (27.9–36.0) 4.9 (3.3–6.4)
Females 0.0 (0.0–0.0) 0.2 (0.0–0.3) 0.2 (0.0–0.4)
Mean body mass index (kg/m2)
Total 25.4 (25.1–25.6) 25.3 (24.9–25.7) 25.3 (25.1–25.5)
Males 24.0 (23.8–24.2) 24.3 (23.9–24.8) 24.1 (23.8–24.3)
Females 26.5 (26.3–26.3) 26.3 (25.6–26.9) 26.3 (26.0–26.7)
Overweight (%)
Total 16.2 (14.9–17.5) 14.8 (13.6–15.9) 14.4 (13.0–15.8)
Males 18.4 (16.7–20.2) 16.8 (15.1–18.6) 16.8 (14.7–18.9)
Females 14.2 (12.5–16.0) 12.7 (11.3–14.1) 12.3 (10.6–14.0)
Obesity (%)
Total 50.9 (48.4–53.5) 50.1 (46.6–53.6) 49.5 (47.6–51.4)
Males 39.1 (36.6–41.6) 42.2 (37.6–46.7) 40.0 (37.4–42.5)
Females 61.0 (58.4–63.7) 58.1 (53.4–62.7) 58.0 (55.3–60.6)
Mean waist circumference (cm)
Total 83.7 (83.1–84.3) 87.4 (86.4–88.4) 87.8 (87.3–88.3)
Males 86.0 (85.3–86.7) 88.8 (87.6–90.1) 89.8 (89.1–90.5)
Females 81.7 (81–82.4) 86.0 (84.6–87.4) 86.0 (85.3–86.7)
Mean fasting plasma glucose (mg/dl)
Total 107.4 (105.5–109.4) 112.3 (110.0–114.5) 104.4 (103.0–105.7)
Males 106.3 (103.5–109.2) 113.5 (110.5–116.5) 104.1 (102.2–106.0)
Females 108.4 (105.7–111.0) 111.1 (107.9–114.2) 104.6 (102.7–106.5)
Hypertension (%)
Total 28.0 (25.4–30.7) 38.5 (35.4–41.7) 32.0 (30.4–33.6)
Males 32.6 (29.5–35.7) 41.6 (38.0–45.2) 30.6 (28.3–33.0)
Females 24.1 (20.4–27.7) 35.5 (30.6–40.5) 33.2 (31.0–35.5)
Mean years of schooling
Total 7.9 (7.6–8.1) 8.7 (8.1–9.2) 7.1 (6.7–7.4)
Males 8.7 (8.4–9.0) 9.7 (9.0–10.3) 8.4 (8.0–8.8)
Females 7.2 (6.8–7.5) 7.7 (6.8–8.5) 5.9 (5.4–6.4)
Assets owned (%)
Low 46.1 (43.6–48.5) 31.4 (26.4–36.4) 16.7 (14.8–18.7)
Medium 37.0 (35.0–39.0) 24.3 (22.0–26.5) 47.1 (44.7–49.5)
High 16.9 (15.5–18.4) 44.3 (38.3–50.4) 36.2 (33.1–39.3)
Overweight (BMI >23.0–24.99 kg/m2); obesity (BMI >25.0 kg/m2). Hypertension is defined as on medication or a systolic
blood pressure >140 mmHg and/or a diastolic blood pressure >90 mmHg. Assets owned: Total scores from principal
component analysis were categorized in tertiles (lowest tertile representing poorest [low] and highest tertile representing
wealthiest [high])
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(0.1% v. 31%), had higher BMIs (26.4 v. 24.1 kg/m2) and lower
waist circumference (84.1 v. 87.9 cm). About 61% of the
participants had high/secondary school education followed by
primary education (22%) and graduation and above (16%), and
there was no difference between male and female respondents.
Female participants also had lower BP (systolic BP 119.2 v. 126.4
mmHg; diastolic BP 79.7 v. 82.9 mmHg) and similar FPG (108.3
v. 108.3 mg/dl) compared to males. Only a small proportion of
participants were on lipid-lowering drugs (2.4%).

Prevalence of dyslipidaemia
The overall age-standardized prevalence of high TC was 31.3%,
28.8% and 22.9% in Chennai, Delhi and Karachi, respectively
(Table II). The prevalence of high TG was more among males
compared to females in the three cities. The most common lipid
abnormality in the three cities was low HDL-C, which was seen
in 67.1%, 49.7% and 61.3% in Chennai, Delhi and Karachi,
respectively. The prevalence of high LDL-C was higher in
Chennai compared to Delhi and Karachi (29.1% in Chennai,
21.2% in Delhi and 19.9% in Karachi). At least one abnormal lipid
level out of four (based on TC >200 mg/dl or on treatment; TG
>150 mg/dl; LDL >130 mg/dl or on treatment; low HDL-C (<40
mg/dl for males, <50 mg/dl for females) was recorded in 76.4%,
64.3% and 68.5% among males and 89.3%, 74.4% and 79.4%

among females in Chennai, Delhi and Karachi, respectively. The
prevalence of dyslipidaemia using the complete case dataset
(n=13 707) and age–sex standardized to regional population is
provided in Supplementary Table SI (available at www.nmji.in).

The prevalence of high TC, high TG and high LDL-C was
higher with age categories among both females and males in
Chennai, Delhi and Karachi (Fig. 1, Appendix 1 [available at
www.nmji.in]). The distribution of low HDL-C with age is
curvilinear, initially showing a slight increase with increasing
age from 20 to 24 years onwards, but declining after 45 years of
age. Males had a significantly greater prevalence of high TG,
whereas females had a greater prevalence of low HDL-C.

Mean lipid levels
Mean levels (mg/dl) for lipid parameters excluding participants
on lipid-lowering drugs for Chennai, Delhi and Karachi were
as follows: TC (mg/dl) 183.0, 178.3 and 171.3; TG (mg/dl) 146.6,
144.0 and 135.5; HDL-C (mg/dl) 41.7, 46.2 and 42.8 and LDL-C
(mg/dl) 113.3, 103.9 and 102.2, respectively (Table III). Males
had lower values for mean TC (mg/dl) in Chennai, Delhi and
Karachi compared to females, while mean TG (mg/dl) was
lower among females compared to males in the three cities.
Supplementary Table SII shows the age–sex standardized
mean level of total serum lipids for all participants and shows

TABLE II. Age–sex standardized prevalence* of total cholesterol, triglycerides, high-density
lipoprotein-cholesterol (HDL-C), low-density lipoprotein-cholesterol and non-HDL-C, and
prevalence of any dyslipidaemia by sex across Chennai, Delhi and Karachi cities

Variable Chennai Delhi Karachi

Total cholesterol (>200 mg/dl or on drug)
Total 31.1 (29.3–32.8) 28.8 (27.1–30.5) 22.9 (21.3–24.5)
Males 29.3 (26.8–31.8) 27.9 (25.4–30.3) 20.3 (18.0–22.6)
Females 32.8 (30.4–35.2) 29.7 (27.5–31.9) 25.5 (23.3–27.8)
Triglycerides (>150 mg/dl)
Total 34.6 (32.8–36.3) 33.6 (31.6–35.5) 30.4 (28.7–32.2)
Males 41.1 (38.2–44.0) 38.7 (35.7–41.7) 32.6 (30.2–35.0)
Females 28.1 (26.2–30.0) 28.4 (25.7–31.1) 28.3 (25.9–30.7)
High-density lipoprotein-cholesterol (<40 mg/dl for males; <50 mg/dl for females)
Total 67.1 (65.1–69.1) 49.7 (47.5–52.0) 61.3 (59.4–63.2)
Males 54.9 (51.8–57.9) 40.8 (38.1–43.4) 54.1 (51.4–56.8)
Females 79.3 (76.9–81.7) 58.7 (55.4–62.0) 68.6 (65.9–71.2)
Low-density lipoprotein-cholesterol (>130 mg/dl or on drug)
Total 29.1 (27.5–30.8) 21.2 (19.5–23.0) 19.9 (18.4–21.4)
Males 26.3 (24.1–28.6) 20.8 (18.1–23.4) 18.6 (16.5–20.8)
Females 31.9 (29.5–34.4) 21.6 (19.5–23.8) 21.2 (18.9–23.4)
Dyslipidaemia: at least 1 of 3
Total 49.2 (47.4–50.9) 42.0 (40.1–43.9) 39.2 (37.5–41.0)
Males 51.3 (48.6–54.1) 44.4 (41.6–47.2) 40.1 (37.4–42.9)
Females 47.0 (44.8–49.3) 39.6 (37.1–42.0) 38.4 (36.0–40.7)
Dyslipidaemia: at least 1 of 4
Total 82.9 (81.5–84.2) 69.3 (67.0–71.7) 73.9 (72.3–75.5)
Males 76.4 (74.3–78.5) 64.3 (61.4–67.2) 68.5 (66.1–70.9)
Females 89.3 (87.7–91.0) 74.4 (71.1–77.6) 79.4 (77.2–81.5)
Non-HDL-C† (>150 mg/dl)
Total 37.9 (36.2–39.5) 31.1 (29.3–33.0) 26.1 (24.5–27.7)
Males 37.2 (34.9–39.6) 32.7 (30.0–35.3) 26.4 (24.0–28.8)
Females 38.5 (36.2–40.8) 29.6 (27.0–32.1) 25.8 (23.5–28.1)
* prevalence data and 95% confidence intervals are age- and sex-standardized to the world’s population † Non-HDL-
C calculated as total cholesterol minus HDL-C  Definitions: dyslipidaemia, at least 1 of 3, i.e. (i) total cholesterol
>200 mg/dl or on drug; (ii) triglycerides >150 mg/dl; (iii) low-density lipoprotein-cholesterol >130 mg/dl or on drug.
Dyslipidaemia, at least 1 of 4, i.e. (i) total cholesterol >200 mg/dl or on drug; (ii) triglycerides >150 mg/dl; (iii) low-
density lipoprotein-cholesterol >130 mg/dl or on drug; (iv) high-density lipoprotein-cholesterol <40 mg/dl for males,
<50 mg/dl for females
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FIG 1. Age–sex specific prevalence of dyslipidaemia–total
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that the mean values are slightly lower compared to those on
treatment. The mean values excluding participants on treatment
using the complete case dataset (n=13 362) and standardized
to regional population is also provided in Supplementary
Table SIII. The mean values are almost similar to the values
reported in Table III.

Factors associated with dyslipidaemia
Overall, the relation of age with high TC, high TG, high LDL-C,
low HDL-C and at least one abnormal lipid level was fairly linear
with some curvatures at older ages (Table IV).

In regression analysis, we noted that higher age (>) (odds
ratio [OR] 2.14); female sex (OR 1.15); residence in Chennai (OR
1.30); high assets owned (OR 1.34); higher BMI; participants
with prehypertension and hypertension; participants with
prediabetes and diabetes and tobacco use (OR 1.17) were all
associated with higher TC.

High TG was less common among females compared to males
(OR 0.59). In addition, residents of Karachi had lower TG
compared to those of Delhi (OR 0.96).

For high LDL-C, we found that higher age, residence in
Chennai, affluent population (high assets owned), higher BMI,
hypertension and diabetes (known, newly diagnosed and
prediabetes) were all associated with high LDL-C.

Low HDL-C was high in Chennai (OR 2.21) and Karachi (OR
1.78) compared to the population of Delhi. Female sex (OR 2.12),
higher BMI, participants with diabetes and prediabetes were all
significantly associated with low HDL-C.

Chennai (OR 2.75) and Karachi (1.47) residents were more
likely to have at least one abnormal lipid level among all the lipids

compared to those of Delhi. We found that other factors
associated with dyslipidaemia (at least one abnormal lipid level
among all the lipids) were higher age, female sex, higher BMI and
participants with known diabetes, newly diagnosed diabetes
and prediabetes.

The associations between exposures and high TC, high TG,
high LDL-C, low HDL-C or at least one abnormal lipid level
stratified by males and females are shown in Supplementary
Tables SIV and SV.

DISCUSSION
Main findings
Our study represents a large urban South Asian population
which showed a disturbingly high prevalence of dyslipidaemia.
Seven of ten adults in these mega cities had at least one
abnormal lipid value. The prevalence of dyslipidaemia was
higher among females than males. The proportion of participants
on lipid-lowering drugs is extremely low. The most striking and
major type of dyslipidaemia among the study population was
low HDL-C and high TG. Low HDL-C was more common among
females, whereas high TG was more frequent among males.
Higher age, female sex, higher BMI, hypertension, diabetes
mellitus and tobacco use were associated with higher likelihood
of having dyslipidaemia.

Comparison with previous research
Our study findings on the high prevalence of dyslipidaemia are
consistent with previously reported data from India and
Pakistan.19–21 A study among adult Arabs in Saudi Arabia found
a similar dyslipidaemia profile.22 A 2013 update of heart disease

TABLE III. Age–sex standardized mean values* of total cholesterol (TC), triglycerides (TG), high-density lipoprotein-
cholesterol (HDL-C), low-density lipoprotein-cholesterol (LDL-C), TC–HDL-C ratio and non-HDL-C (excluding
participants on treatment) by sex across Chennai, Delhi and Karachi cities

Variable Mean (95% confidence interval)
Chennai Delhi Karachi

TC (mg/dl)
Total 183.0 (181.5–184.5) 178.3 (176.7–180.0) 171.3 (169.8–172.9)
Males 180.5 (178.1–182.8) 177.2 (174.6–179.8) 168.7 (166.5–170.9)
Females 185.6 (183.7–187.5) 179.5 (177.5–181.6) 174.0 (171.7–176.3)
TG (mg/dl)
Total 146.6 (143.0–150.2) 144.0 (140.3–147.7) 135.5 (131.8–139.2)
Males 163.7 (157.2–170.3) 157.5 (151.1–163.8) 144.6 (138.4–150.7)
Females 129.4 (126.3–132.5) 130.6 (126.4–134.7) 126.4 (122.4–130.4)
HDL-C (mg/dl)
Total 41.7 (41.3–42.1) 46.2 (45.6–46.8) 42.8 (42.4–43.3)
Males 40.0 (39.4–40.6) 43.7 (43–44.4) 40.0 (39.5–40.6)
Females 43.3 (42.8–43.9) 48.7 (47.8–49.5) 45.6 (44.9–46.4)
LDL-C (mg/dl)
Total 113.3 (112.0–114.6) 103.9 (102.4–105.4) 102.2 (101.0–103.5)
Males 109.7 (107.8–111.7) 102.8 (100.6–105.1) 100.9 (99.3–102.5)
Females 116.9 (115.1–118.6) 105.0 (103.0–107.1) 103.6 (101.5–105.6)
TC–HDL-C ratio
Total 4.6 (4.5–4.6) 4.1 (4.0–4.1) 4.2 (4.2–4.3)
Males 4.7 (4.7–4.8) 4.3 (4.2–4.4) 4.4 (4.4–4.5)
Females 4.4 (4.4–4.5) 3.8 (3.8–3.9) 4.0 (3.9–4.1)
Non-HDL-C† (mg/dl)
Total 141.5 (140.0–142.9) 131.6 (129.7–133.6) 128.8 (127.3–130.4)
Males 140.3 (138.2–142.4) 133.6 (130.6–136.5) 129.2 (127.1–131.2)
Females 142.7 (140.7–144.6) 129.7 (127.3–132.2) 128.5 (126.1–130.9)
* Mean values and 95% CIs are age- and sex-standardized to the world’s population  † Non-HDL-C calculated as total cholesterol minus HDL-C
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TABLE IV. Multivariate analysis showing factors associated with high total cholesterol (TC), high triglycerides (TG), high low-
density lipoprotein-cholesterol (LDL-C), low high-density lipoprotein-cholesterol (HDL-C) and dyslipidaemia

Variable Odds ratio (95% confidence intervals)
Total cholesterol TG (>150 mg/dl) LDL-C (>130 mg/dl HDL-C (<40 mg/dl Dyslipidaemia*
(>200 mg/dl or or on treatment) for males and <50
on treatment) mg/dl for females)

City (Delhi: reference)
Chennai 1.30 (1.15–1.47) 1.15 (1.02–1.31) 1.83 (1.57–2.14) 2.21 (1.95–2.50) 2.75 (2.39–3.17)
Karachi 0.82 (0.72–0.93) 0.96 (0.84–1.10) 1.09 (0.93–1.29) 1.78 (1.58–2.01) 1.44 (1.24–1.68)
Age (<35 years: reference)
35–44 years 1.47 (1.30–1.66) 1.24 (1.1–1.41) 1.42 (1.21–1.67) 1.00 (0.90–1.11) 1.24 (1.05–1.47)
>45 years 2.14 (1.86–2.47) 1.07 (0.93–1.22) 2.26 (1.89–2.71) 0.72 (0.64–0.82) 1.02 (0.89–1.18)
Sex (male: reference)
Female 1.15 (1.02–1.31) 0.59 (0.52–0.66) 1.07 (0.93–1.24) 2.12 (1.91–2.36) 1.68 (1.45–1.94)
Assets owned (low: reference)
Medium 1.10 (0.97–1.25) 1.00 (0.9–1.12) 1.15 (0.99–1.35) 0.93 (0.84–1.03) 0.88 (0.77–1)
High 1.34 (1.17–1.54) 1.05 (0.94–1.17) 1.52 (1.3–1.77) 0.90 (0.81–1.01) 1.09 (0.95–1.26)
Fruits and vegetable (<2 servings per day: reference)
>2 servings per day 1.06 (0.96–1.16) 0.98 (0.89–1.08) 1.07 (0.96–1.19) 0.97 (0.89–1.07) 1.08 (0.95–1.23)
Body mass index (<23 kg/m2: reference)
23–25 1.28 (1.11–1.49) 1.62 (1.41–1.88) 1.33 (1.14–1.56) 1.54 (1.36–1.75) 1.84 (1.53–2.2)
>25 1.26 (1.11–1.43) 1.98 (1.75–2.23) 1.35 (1.17–1.55) 2.10 (1.9–2.31) 2.34 (2.07–2.65)
Hypertension (normotension: reference)
Prehypertension 1.29 (1.14–1.45) 1.34 (1.18–1.52) 1.13 (0.97–1.32) 0.87 (0.77–0.98) 0.93 (0.8–1.08)
Hypertension 1.62 (1.43–1.84) 1.72 (1.54–1.93) 1.31 (1.12–1.53) 0.85 (0.76–0.96) 1.16 (0.98–1.37)
Diabetes (no diabetes: reference)
Prediabetes 1.39 (1.23–1.56) 1.57 (1.4–1.76) 1.49 (1.31–1.7) 1.24 (1.13–1.37) 1.52 (1.33–1.74)
Diabetes 1.71 (1.51–1.94) 2.83 (2.46–3.25) 1.70 (1.46–1.99) 1.57 (1.39–1.78) 2.25 (1.92–2.64)
Tobacco use (no: reference)
Yes 1.17 (1.03–1.32) 1.58 (1.39–1.79) 0.93 (0.81–1.07) 0.98 (0.87–1.1) 1.15 (1–1.33)
*Dyslipidaemia, at least 1 of 4, i.e. (i) total cholesterol >200 mg/dl or on drug; (ii) triglycerides >150 mg/dl; (iii) low-density lipoprotein-cholesterol >130 mg/dl or
on drug; (iv) high-density lipoprotein-cholesterol <40 mg/dl for males, <50 mg/dl for females

and stroke statistics among Americans23 reported similar
distribution of lipid abnormalities as found in our study but
lower prevalence of elevated TG and low HDL. On the contrary,
a study from urban Shanghai area, China, had shown strangely
low prevalence of low HDL-C (1.0%).24

Few previous studies have reported the prevalence of
dyslipidaemia among South Asian immigrants and have
compared it with the local western population. Most of these
studies were of small sample and have reported that mean lipid
levels were higher among South Asian immigrants compared to
their Caucasian counterparts.25–27 However, one study
(MASALA) has also found comparable levels for HDL-C
between South Asian and other immigrants.28

Our findings from the study showing a predominance of the
high TG and low HDL combination reconfirm the presence of a
unique lipidotype of South Asians. This is part of a phenotype,
popularly known as South Asian dyslipidaemia consisting of
high serum levels of apolipoprotein B, lipoprotein (a) and TG
and low levels of apolipoprotein A1 and HDL-C.29

Several factors have been speculated to contribute to this
unique presentation. First, South Asians have a higher
concentration of plasma leptin and non-esterified fatty acids
and lower adiponectin compared to Caucasian population.30,31

Second, rapid economic development and urbanization in the
past two decades have resulted in the consumption of diets
high in saturated fats, cholesterol and refined carbohydrates
and low in polyunsaturated fatty acids and fibre.32 Third,

mechanization of industry, household work and transport has
resulted in considerably lower physical activity in South Asians.33

Unhealthy diets and sedentary lifestyle superimposed on
genetically predisposed South Asians may have resulted in a
high burden and unique forms of dyslipidaemia.34

We used guidelines wherein fairly low thresholds of LDL are
considered dyslipidaemic, and this may explain the low use of
lipid-lowering medicines. This may also be due to less awareness
about dyslipidaemia, treatment and control. Previous studies
conducted in South Asia (India, Pakistan and Bangladesh)
have shown suboptimal use of lipid-lowering drugs, especially
in those with lower education and wealth indexes.35–37 This low
use of lipid-lowering drugs such as statins in India may reflect
problems with access to healthcare, affordability, under-
diagnosis and cultural beliefs.38

Strengths and limitations of the study
Our prevalence estimates are based on representative
population-based samples from three large cities in South Asia,
standardized measurement techniques, uniform study protocols
and accounting for the complex study design in the analysis.
We also did multiple imputation using chained equation for
imputing all missing values across all variables. We used the
WHO’s world standard population to report the standardized
mean lipid levels stratified by age groups, sex and city, and
sensitivity analyses were also done by excluding participants
on treatment for dyslipidaemia in the regression model. The
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response rate for questionnaire was 94.7% and for bio-specimen,
it was 84.3%. However, we do not expect systematic differences
between responders and non-responders. The participation
rate can be considered high and acceptable to draw conclusions
about prevalence and associated factors in three cities of South
Asia. In addition, generalizability of our findings is limited to
adult males and females living in urban locations of South Asia.

The cross-sectional nature of the data limits causal inferences
and generalization of the results. However, with follow-up of the
CARRS cohort, which is currently in progress, the causal
pathways underlying the reported relationships with risk factors
could be investigated further.

Importance of the study findings
The public health implications of the results are that there is a
growing need to address dyslipidaemia at the population level
in South Asia. The unique presentation of high TG and low
HDL-C presents a major challenge. Data indicate the potential
benefit of treating hyperglyceridaemia over and above statin
therapy, and such studies in South Asian populations are
needed.39 In addition, rapid globalization and urbanization is
leading to swift changes in cardiometabolic profiles, calling for
aggressive population-level interventions to combat dyslipid-
aemia. Addressing dyslipidaemia means modification in lifestyle
focusing on urban lifestyle factors which may help prevent
associated risk factors such as diabetes, hypertension, tobacco
use and sedentary lifestyle. Awareness about the increasing
risk of dyslipidaemia and its associated risk factors for the
population needs to be communicated to relevant stakeholders
including health policy-makers, healthcare providers and, most
importantly, to the communities affected.

Females in South Asia were possibly at a higher risk as a
result of several sociocultural factors that preclude engaging in
healthier lifestyle habits such as physical activity.36

Conclusions
Dyslipidaemia is highly prevalent among the South Asian adult
population, more among females than males. Low HDL-C and
high TG were the major subtypes of dyslipidaemia. The
proportion of participants using lipid-lowering drugs is low.
Increasing age, female sex, increased BMI, hypertension,
diabetes mellitus and tobacco use were strong risk factors for
dyslipidaemia in South Asians.
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