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Abstract

Background Nearly 80% of the world's noncommunicable disease (NCD) burden comes from developing countries,
where sex-related disparities in healthcare utilisation are common. However, studies on sex-related disparities in lipids
and cardiovascular risk among South Asians are limited. This study aimed to investigate sex-related differences in the
prevalence, management and outcome of lipids and related cardiovascular diseases (CVDs) among Sri Lankans to
inform necessary improvements in preventing, diagnosing, and managing CVDs in females in Sri Lanka, a resource-
limited South Asian setting.

Methods Secondary data from the World Health Organisation’s STEPS survey-2021, a community-based cross-
sectional study conducted across Sri Lanka from April to December 2021, were analysed. Hyperlipidaemia was
defined as having a total cholesterol (TC) level = 200 mg/dL or being on treatment for hyperlipidaemia. TC goal was
defined as a TC level <200 mg/dL. Rates of hyperlipidaemia prevalence, treatment uptake and TC target achievement
were compared between males and females. Sex-related disparities in the associations of hyperlipidaemia and CVDs
were assessed separately.

Results The study sample consisted of 4,634 adults (62.8% female) with a mean age of 46+ 13.7 years. The
prevalence of hyperlipidaemia was higher in females (46.3%) than in males (36.4%, P<0.001). Treatment uptake
was not significantly different between females (25.2%) and males (23.6%, P=0.467). Of those on treatment for
hyperlipidaemia, the TC goal achievement was low in females (68.1%) compared to males (82.4%, P <0.001).
Females (4.9%) had a lower prevalence of established CVDs compared to males (10.9%, P<0.001), but females with
hyperlipidaemia had higher odds (OR 1.24, P=0.038) of CVDs.

Conclusions Sri Lankan females had a higher prevalence and poorer control of hyperlipidaemia compared to males,
despite no significant difference in treatment uptake. However, the presence of CVDs was higher among males and
was independently associated with sex and hyperlipidaemia.
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Background

Cardiovascular diseases (CVDs) are the leading cause of
death worldwide, with 80% of cases occurring in low- and
middle-income countries [1]. Mortality due to CVDs is
rising globally, and this trend is partly driven by the grow-
ing population of middle-aged females worldwide [2].
Sex-related disparities in lipid profiles and cardiovascular
(CV) risks are well-recognised [2—4]. They are mediated
mainly by age and hormonal factors, particularly hor-
mones related to menstruation, pregnancy, breastfeed-
ing, and menopause [2]. Additionally, sex-specific factors
unique to females, such as hypertensive disorders of
pregnancy, primary ovarian insufficiency, and polycystic
ovary syndrome, also contribute to sex-related disparities
in lipids as well as CVDs [2, 5]. Autoimmune diseases,
which have a greater predilection to affect females, fur-
ther exacerbate CV risk [6, 7]. These biological vulner-
abilities are compounded by sociocultural factors related
to sex as well [8—10]. Females and older adults are more
likely to discontinue statin therapy [11-13]. Initially,
untreated females are less likely than males to initiate
statin treatment, regardless of their low-density lipopro-
tein cholesterol (LDL-C) levels [14, 15]. In addition, the
higher prevalence of psychosocial stress, depression, and
anxiety [16] among females, along with limited educa-
tion and awareness of CV risk factors [17, 18], contrib-
utes to suboptimal lipid profiles, high CV risk profiles
and adverse health outcomes, particularly in developing
countries [10, 19-21].

Literature on sex-related disparities in lipid profiles
shows evidence that girls, compared to boys, have higher
LDL-C and total cholesterol (TC) levels but similar high-
density lipoprotein cholesterol (HDL-C) levels [22].
Typically, females have higher TC and HDL-C levels and
lower TC/HDL ratios than males [23]. In early life, up to
18-19 years of age, girls have higher LDL-C and TC levels
than boys, but HDL-C levels are comparable. From early
adulthood to middle age (from 20 to 24 to 55-59 years),
females have lower LDL-C and higher HDL-C levels,
while LDL-C levels increase and HDL-C levels decrease
in males [23]. With older age, all lipid levels decline in
both sexes, with a more marked reduction in males [24].

Sex-related disparities in the management and out-
come of lipid-related diseases in South Asians, including
Sri Lankans, are not fully understood and show discor-
dant results from the global picture. South Asians tend
to have lower LDL-C levels compared to Caucasians at
any given age [25]. Previously reported literature reveals
Sri Lankan females to have higher TC, HDL-C, LDL-C,
and triglyceride (TG) values than males across all age
groups [26]. A community-based study did not identify
sex as being associated with differences in the prevalence
of hyperlipidaemia in Sri Lanka [27]. Identifying sex-
related disparities in South Asians is especially important
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as one-third of the world’s population resides in this part
of the world. Identifying sex-related disparities helps in
the targeted implementation of care in the primary pre-
vention of hyperlipidaemia as well as both primary and
secondary prevention of CVDs in females and males.

Therefore, this study aimed to investigate sex-related
differences in the prevalence, management and goal
achievement of hyperlipidaemia and the sex related dif-
ferences in the association of hyperlipidaemia and CVDs
(stroke, myocardial infarctions and peripheral vascular
diseases) in Sri Lankans, which could give insights into
South Asian perspectives. The study also aimed to inves-
tigate sex-related differences in lipids between urban,
rural and estate dwellers. Using nationally representative
data, this study will bring context-specific insights that
could inform more equitable, sex-sensitive CVD preven-
tion strategies in the region.

Methodology

Secondary data were analysed from the STEPS Noncom-
municable Disease Risk Factor Survey — Sri Lanka 2021,
which is part of the World Health Organization’s (WHO)
STEPwise approach to noncommunicable disease (NCD)
risk factor surveillance (STEPS) under the Adult Risk
Factor Surveillance project [28, 29]. This cross-sectional
community-based study assessed the prevalence of
behavioural and biological risk factors for noncommuni-
cable diseases in Sri Lanka from April to December 2021.
Non-Sri Lankans living temporarily and individuals men-
tally or physically unfit to be included in the study were
excluded from the survey. A total of 6267 nationally rep-
resentative adults, aged 18 to 69, who had lived in their
current residence for more than 6 months at the time of
sampling, were studied using multi-stage stratified clus-
ter sampling. The sample was stratified based on district
and area (urban, rural, estate) levels. A primary sampling
unit (PSU) was considered a cluster. The frame of PSUs
was based on the census blocks prepared at the Census
of Population and Housing — 2011, which was updated
for the first quarter Labor Force Survey in 2018. Thus,
644 PSUs were selected using Probability Proportionate
Sampling (PPS) method, based on the population of the
area [29] The study sample was selected using popula-
tion data from the Department of Census and Statistics
(DCS). Data was collected in three steps: an interviewer
administered questionnaire, physical measurements, and
biochemical measurements. The methodology was pub-
lished previously [28]. Step 1 involved collecting data on
sociodemographic characteristics, behavioural risk fac-
tors for NCDs and factors related to an increase in the
physiological risk using an interviewer-administered
questionnaire. Step 2 included collecting physical mea-
surements such as height, weight, waist circumference,
blood pressure and spot urine collection from the study
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participants. Finally, step 3 involved collecting biochemi-
cal measurements to assess fasting plasma glucose and
serum TC levels.

De-identified survey data (N = 6267) were extracted,
and only participants with complete TC data (N = 4634)
were included in the analysis (Supplementary Table 1).
Hyperlipidaemia was defined according to the Adult
Treatment Panel III (ATP III) guidelines by the National
Cholesterol Education Programme (NCEP) as having
a TC > 200 mg/dL or currently being on treatment for
hyperlipidaemia [30]. Sex was defined as a set of biologi-
cal features associated with physical and physiological
features, including chromosomes, gene expression, hor-
mone function and reproductive/sexual anatomy [31].
Level of education was determined by the total number of
completed years of schooling (excluding pre-school). Par-
ticipants were then grouped into six mutually exclusive
categories based on the highest qualification attained: (1)
no formal schooling, (2) up to Grade 5, (3) passed Grades
6-10, (4) passed G.C.E. ordinary level (O/L), (5) passed
G.C.E. advanced level (A/L), (6) degree or higher level
of education. Main occupation categories followed the
national STEPS coding as: “engaged in economic activ-
ity” (any paid employment or self-employment), “seeking
and available for work” (unemployed and actively seeking
work), “student’, “engaged in household activities” (full-
time unpaid domestic work/caregiving),retired’, “unable
to work (elderly/disabled)’, and “other” [28, 29].

Body mass index (BMI) was calculated by dividing an
individual’s weight in kilograms by the square of their
height in meters. The average of the last two out of three
systolic blood pressure (SBP) readings was used as the
current SBP. The predicted 10-year CV risk was calcu-
lated in participants aged 40 years or above, without
a history of CVDs, and with complete data for CV risk
calculation (N = 2667). The wealth index was calculated
according to the method published before, and patients
were categorised into five wealth quintiles (from 1 (poor-
est) to 5 (richest) [29]. Ten-year CV risk in females and
males of 40 to 79 years of age without existing CVDs
were calculated using the 2019 WHO CV risk prediction
charts for the South-East Asia Region (SEAR) using the R
statistical package [32, 33]. These charts estimate 10-year
CV risk based on age, sex, smoking status, diabetes sta-
tus, SBP, and TC levels. A high CV risk was defined as a
10-year risk of 20% or more [34]. The lifetime CV risk in
females and males of 20 to 59 years of age without exist-
ing CVDs was calculated using the ASCVD Risk Estima-
tor (Available at: https://tools.acc.org/ldl/ascvd_risk_est
imator) and a Python-based program [1]. Patients were
stratified into two risk categories: low- (< 39%), and high-
lifetime risk (> 39%), following the American College
of Cardiology (ACC) and American Heart Association
(AHA) guidelines [35, 36].
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The prevalence estimates of hyperlipidaemia, treatment
uptake rates and the percentage of individuals with nor-
mal TC level (TC < 200 mg/dL) were stratified accord-
ing to sector of residence and compared across males and
females. TC treatment goal achievement was defined as
having TC < 200 mg/dL in individuals receiving treat-
ment for hyperlipidaemia. Continuous variables were
assessed for normality and expressed as means with stan-
dard deviations (SD) if normally distributed and medi-
ans with interquartile ranges (IQR) if not. Differences
between groups were assessed using the independent
samples t-test for normally distributed variables and the
Mann—Whitney U test for non-normally distributed vari-
ables. Categorical variables were expressed as frequen-
cies and percentages, with group comparisons performed
using the chi-square (x2) test. Stratified analyses were
performed by age group (< 50 years and > 50 years) to
find associations related to the pre-and post-menopausal
status, based on the average age of menopause in Sri
Lanka (50th centile 50.18, 95% CI 49.51.99 years) [37, 38].
Binary logistic regression analysis was conducted to iden-
tify factors associated with hyperlipidaemia, achievement
of the TC target, and the presence of existing CVDs.
Existing CVDs were captured via self-report using stan-
dard WHO STEPS questions, ever having a heart attack,
chest pain from heart disease (angina), or a stroke. All
statistical tests were two-sided; a P-value < 0.05 was con-
sidered statistically significant. Analysis was conducted
using IBM SPSS Statistics for Windows, Version 20.

All procedures performed in this study adhered to
the Helsinki Declaration’s ethical principles and pro-
fessional conduct standards. Ethics approval for the
STEPS study in Sri Lanka was obtained from the Ethics
Review Committee of the Sri Lanka Medical Association
(ERC/17-021).

Results

A total of 4634 participants between 18 and 69 years
were included in the analysis. Of them, 2914(62.8%) were
females and 1720(37.3%) were men, with mean ages of
45.5+13.5 years and 46.4+13.9 years respectively. Of
the female participants, 38 (1.3%) were pregnant moth-
ers. The baseline characteristics of the study population
are presented in Table 1. Overall, females were younger
(P=0.015) and had lower rates of smoking (P<0.001),
alcohol consumption (P<0.001), stroke (P=0.015),
ischaemic heart disease (P=0.014) and had lower SBP
(P<0.001). Average years of schooling were more in
females (9.9 years, SD 3.5) than in males (9.7 years, SD
3.5) (P=0.039). The mean waist circumference and
BMI were significantly higher in females compared to
males; 87.4 (SD 87.4) vs. 86.2 (SD 12.2) cm, p=0.003 and
25.2(SD 5.5) vs. 23.3(SD 4.6) kg/m* p <0.00, respectively.
However, the mean systolic blood pressure in females
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Table 1 Baseline characteristics of the study population
Females Males Pvalue?
N(%) N(%)
N=2914 N=1720
Age groups 0.002
18-29 418 (14.3) 249 (14.5)
30-44 1015 (34.8) 507 (29.4)
45-59 893 (30.6) 588 (34.2)
60-69 588 (20.2) 378(21.9)
Age =50 years 1183(40.6) 767(44.6) 0.008
Level of education 0.003
No schooling 102 (3.5) 40(2.3)
Up to grade 5 350 (12.0) 244 (14.2)
Passed grade 6-10 1285 (44.1) 823 (47.8)
Passed G.CE. O/L 502 (17.2) 266 (15.5)
Passed G.CE. A/L 536 (18.4) 266 (15.5)
Degree and above 138 (4.7) 80 (4.7)
Level of education 1(0.0) 1(0.1)
Main Occupation <0.001
Engaged in economic activity 905 (31.1) 1411 (82.0)
Seeking for and available work 41 (14) 49 (2.8)
Student 110 (3.8) 72(1.1)
Engaged in household activities 1723 (59.1) 4(0.8)
Retired 58 (2.0) 10 (6.4)
Unable to work (elderly/disable) 75(2.6) 61 (3.5)
Other 2(0.1) 3(0.2)
Income category (by monthly household income in LKR), n (%) (N=*2905, **1713) <0.001
Category 1 (<10 000) 214 (74) 76 (44)
Category 2 (10 001-23 500) 478 (16.6) 265 (15.5)
Category 3 (23 501-36 500) 689 (23.7) 420 (24.5)
Category 4 (36 501-52 000) 752 (25.9) 470 (27.4)
Category 5 (52 001-81 500) 471 (16.2) 270 (15.8)
Category 6 (>81 501) 288 (9.9) 208 (12.1)
Do not know 13(0.3) 4(0.1)
Wealth index 0.255
Poorest quintile 606 (20.8) 322(18.7)
Second quintile 573(19.7) 346 (20.1)
Third quintile 614 (21.1) 349 (20.3)
Fourth quintile 580 (19.9) 347 (20.2)
Richest quintile 541 (18.6) 356 (20.2)
Sector of residence 0.170
Urban 417 (14.3) 272 (15.8)
Rural 2396 (82.2) 1377 (80.1)
Estate 101 (3.5) 71(4.1)
Behavioural Risk factors
Current smokers 300 502 (29.2) <0.001
Alcohol consumption within the last 7days 8(0.3) 473 (27.5) <0.001
Inadequate vegetable/fruit consumption (N=*2881, **1695) 1421 (49.3) 860 (50.7) 0.355
Inadequate physical activity (N=*207, **241) 98 (47.3) 104(43.2) 0.374
Medical history
Hypertension 753 (25.8) 479 (27.8) 0.135
Diabetes mellitus 479 (16.4) 289 (16.8) 0.747
Stroke 21(0.7) 25(1.4) 0.015
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Table 1 (continued)
Females Males Pvalue?
N(%) N(%)
N=2914 N=1720
Ischaemic heart disease (IHD) 238(8.2) 177 (12.8) 0.014
Existing cardiovascular disease 248 (8.5) 188 (10.5) 0.006

IHD ischaemic heart disease, BMI body mass index, CV cardiovascular, N number, SD standard deviation

*Females
**Males

*** excluding patients who already have cardiovascular diseases

2 All P values were calculated using the Chi-square test, except where specifically mentioned

Detailed analysis of wealth index can be downloaded from (http://www.health.gov.lk/moh_final/english/others.php? pid=127).
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Fig. 1 Prevalence rate of hyperlipidaemia in the 25 districts of Sri Lanka. Created via Data wrapper Regional Maps: A-Total B- in females, C- in males

was lower than in males, 127.9 (SD 22.2) vs. 131 (SD 20.3)
mmHg, <0.001. There was no difference in the fasting
blood glucose level between females and males, 106.3(SD
64.2) vs. 106.3(46.9), p = 0.853.

Figure 1 shows the distribution of hyperlipidaemia by
stratified by district and sex.

Table 2 presents the distribution of hyperlipidaemia,
treatment uptake and control in the total population and
stratified by sex. The overall prevalence of hyperlipidae-
mia in the sample was 42.6%, with substantial variation
across districts of Sri Lanka (Fig. 1; Table 2). The highest
prevalence was seen in the Kegalle district, with a preva-
lence above 52.6%. A higher prevalence of hyperlipidae-
mia, more than 52.6% was noted in a few districts among

females, but not among males. The overall prevalence
in the total population was higher in urban (47.0%) and
rural areas (42.3%) compared to the estate area (32.6%)
(Table 2).

Table 2 presents the prevalence of hyperlipidaemia,
treatment uptake and TC goal achievement in those
treated in the total population and stratified by sex. On
average, 2483(53.6%) had checked their lipid levels at
least once in their life prior to this study and this rate
was significantly higher among females (1613(55.4%))
compared to males (870(50.6%)), P=0.002. Overall,
females 1349(46.3%) had a higher prevalence of hyper-
lipidaemia than males 626(36.4%) (P<0.001). This sex-
related difference was significant in both <50-year-olds
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Table 2 Prevalence, treatment uptake and control of
hyperlipidaemia in the total population and stratified by sex

Total Females* Males** P
population®  N(%) N(%) value®
N(%) N=2914 N=1720
N=4634
Had checked choles- 2483 (53.6) 1613 870 (50.6) 0.002
terol levels at least once (55.4)
in life, prior to this study
Prevalence of hyperlipidaemia
In the total 1975 (42.6) 1349 626 (36.4) <0.001
population (46.3)
Age <50 years 976 (36.4) 658(38.0) 318(334) 0.017
Age > 50 years 999 (51.2) 691(584) 308(40.2) <0.001
By the sector of residence n (%)
Urban (N=*417, 324 (47.0) 219(52.5) 105(38.6) <0.001
**272)
Rural (N=*2396, 1595 (42.3) 1094 501 (36.3) <0.001
**1377) (45.6)
Estate (N=*101,**71) 56 (32.6) 36(356) 20(28.1) 0.194
By the level of 0214
education,
No schooling 49 (2.5) 35(26) 14 (2.2)
Up to grade 5 295 (14.9) 192 (14.2) 103 (16.5)
Passed grade 6-10 896 (45.4) 596 (44.2) 300 (47.9)
Passed G.C.E. O/L 319(16.2) 232(17.2) 87(13.9)
Passed G.C.E. A/L 336 (17) 239(17.7) 97 (15.5)
Degree and above 80 (4.1) 55(4.1) 25 (4)
By the Wealth index, 0513
n(%)
Poorest quintile 369 (18.7) 263 (19.5) 106 (16.9)
Second quintile 396 (20.1) 265 (19.5) 131 (20.9)
Third quintile 398 (20.2) 276 (20.5) 122 (19.5)
Fourth quintile 400 (20.3) 274 (20.3) 126 (20.1)
Richest quintile 412 (20.9) 71(20.1) 141 (22.5)
Total cholesterol 3015 (65.1) 1796 1219 <0.001
controlled < 200 mg/ 61.6) (70.9)

dL, n (%)
Treatment of hyperlipidaemia in patients with hyperlipidaemia, n (%)
(N=21975, 1349, **626)

Currently on some 488 (24.7) 340 (25.2) 148(23.6) 0467
treatment

Treatment type

On a statin 309(63.3) 208(61.2) 101(68.2) 0.152
On herbal medicine 84(17.2) 46 (13.5) 38(25.7)  0.002
Other/unspecified 95 (19.5) 86(253) 9(6.1)

Source of treatment 0.087
Government hospitals 271 (55.5) 198 (58.2) 73 (49.3)

Private hospitals 84(17.2) 57(16.8) 27(18.2)
Pharmacy 19 (3.9) 9(2.6) 0(6.8)

General practitioner 114 (234) 76 (224) 38(25.7)

Total cholesterol goal 321(72.5) 209(68.1) 112(824) 0.002

achievement

N number, SD standard deviation
2Total population, > comparison between males and females, *Females, **Males

P-values were calculated using the Chi-square test for categorical variables and
the independent samples t-test for continuous variables

Detailed analysis of wealth index can be downloaded from (http://www.health
.gov.lk/moh_final/english/others.php? pid=127)
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(P=0.017) and >50-year-olds (P<0.001), without show-
ing a major difference in pre-menopausal female group.
The sex-related difference was significant in both urban
(P<0.001) and rural (P<0.001) sectors but not in the
estate sector (P=0.194). The mean number of years of
schooling in females with hyperlipidaemia (9.9 years,
SD 4.6) was higher than that of males (9.4 years, SD 3.4)
(P=0.025) but there was no difference noted in the prev-
alence of hyperlipidaemia between females and males
of different quintiles of wealth index. The mean TC was
higher in females (192.8 mg/dL, SD 42.7) than in males
(183.8 mg/dL, SD 39.6) (P<0.001). Of all, 3015 (65.1%)
of the total population had a TC level below 200 mg/
dL in 1796(61.6%) of females vs. 1219(70.9%) of males
(P<0.001)).

The rate on treatment for hyperlipidaemia in the total
population was 24.7% and was not different between
females (25.2%) and males (23.6%), P=0.467 (Table 2).
Among all respondents receiving treatment, 309(63.3%)
were on a statin, while 84(17.2%) were on herbal medi-
cine. The percentage on statin was not different between
females and males (61.2%, 68.2% respectively, P=0.152),
but more males (25.7%) used herbal medicine than
females (13.5%) (P=0.002). The majority obtained treat-
ment from the state healthcare sector, with no sex-related
difference in this pattern. In patients who are on treat-
ment for hyperlipidaemia, the rate of TC goal achieve-
ment was significantly lower in females (68.1%) compared
to males (82.4%) (P=0.002).

Associations of hyperlipidaemia in the total population
and stratified by sex are shown in Table 3. On un-adjusted
analyses, age, female sex, level of education, wealth quin-
tile, presence of diabetes mellitus, hypertension, waist
circumference, BMI>23 kg/m? and current smoking all
were associated with hyperlipidaemia. However, in men-
tion the method used and the model parameters adjusted
analyses hyperlipidaemia was positively associated only
with increasing age (OR 1.03, P<0.001), female sex (OR
1.56, P<0.001), increase in wealth quintile (OR 1.09,
P=0.002), diabetes mellitus (OR 1.32, P=0.001). When
considering associations of hyperlipidaemia in females
and males separately, apart from the associations with
hyperlipidaemia in the total population, level of educa-
tion was associated with hyperlipidaemia only in males
and not in females. The risk of hyperlipidaemia doubled
in females aged 50 years or more compared to females of
all ages.

Hosmer and Lemeshow

Test
-2 Log Cox & Nagelkerke R Chi-square df Sig.
likelihood Snell R Square
Square
5940.721° 0.058 0.078 349 8 09
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Table 3 Factors associated with hyperlipidaemia in females, males and the total population

Page 7 of 13

Females Males Total population
LR LR*

OR P OR P P aOR* 95% Cl P*
Age 1.04° <0.001 1.02° <0.001 <0.001 1.03 1.022-1.033 <0.001
Age =50 years 229 <0.001 1.34 0.004 <0.001
Female sex <0.001 1.56 1.352-1.802 <0.001
Level of education 0.299 0.002 0.024 0.99 0.932-1.059 0.842
Wealth quintile 0.420 0.212 0.021 1.09 1.032-1.142 0.002
Diabetes mellitus 1.66 <0.001 1.77 <0.001 <0.001 1.32 1.116-1.549 0.001
Hypertension 1.81 <0.001 1.18 0.071 <0.001 .11 0.956-1.277 0.177
Waist, cm 1.02° <0.001 1.01° <0.001 <0.001 1.01 0.999-1.012 0.096
BMI > 23 kg/m? 149 <0.001 1.30 0.010 <0.001 1.15 0.973-135 0.102
Current smoking 2.16° 0.099 0.98 0912° 0.008 0.95 0.759-1.188 0.649

LR Logistic regression, OR odds ratio, aOR adjusted odds ratio, Cl confidence interval, BMI body mass index.

All calculations for males and females were done using Pearson’s Chi-square unless specifically mentioned as

2 logistic regression.
b Fisher's exact test.

Logistic regressions were done using binary logistic regression.

“b7 which was done using Fisher's exact test.

* Adjusted for all the variables in the table (age, sex, diabetes mellitus, hypertension present or not, waist circumference, BMI, current smoking, moderate to severe

exercise and current alcohol consumption).

Table 4 Associations of non-achievement of total cholesterol goal in patients treated for hyperlipidaemia (n=443)

OR 95% Cl P-value aOR* 95% Cl P-value
Age 1.00 0.98-1.02 0.973 0.99 0.97-1.02 0.505
Female sex 2.56 1.56-4.22 <0.001 3.03 1.68-5.47 <0.001
Level of education 0.92 0.76-1.10 0.356 1.01 0.81-1.26 0.923
Wealth quintile 0.87 0.76-1.00.76.00 0.051 0.94 0.79-1.10 0424
Diabetes mellitus 0.78 051-1.16 0222 0.78 051-1.18 0.233
Hypertension 1.39 0.92-2.07 0.111 144 0.94-2.20 0.096
Waist, cm 1.00 0.98-1.01 0.627 0.99 0.97-1.02 0.586
BMI =23 kg/m2 1.08 0.67-1.73 0.755 1.14 0.62-2.07 0.677
Current smoking 1.01 041-2.45 0.988 041 0.15-1.15 0.089

LR Logistic regression, OR odds ratio, aOR adjusted odds ratio, Cl confidence interval, BMI body mass index

All odds ratios were calculated using binary logistic regression

* Multivariable logistic regression adjusted for age, sex, level of education, wealth quintile, diabetes mellitus, hypertension, waist circumference, BMI and current

smoking status

Of the individuals on treatment for hyperlipidaemia,
209(68.1%) of females and 112 (82.4%) of males achieved
TC treatment goals (Table 2). The factors associated
with the non-achievement of the TC goal are shown in
Table 4. Female sex was significantly associated with
non-achievement of TC goal in both adjusted (OR 3.03,
P<0.001) and non-adjusted models (OR 2.56, P<0.001).
Increasing wealth quintiles showed a marginal associa-
tion with poor goal achievement in non-adjusted analy-
ses but this association was nullified in adjusted analysis.
None of the other factors studied including age, level of
education, and metabolic risk factors were associated
with the non-achievement of the TC goal.

Hosmer and Lemeshow
Test

-2 Log likelihood Cox & Nagelkerke  Chi-square df  Sig.
Snell R R Square
Square

5439347 0048 007 4747 8 0784

Of all respondents, 436 (248 (8.5%) females and 188
(10.5%) males) have had pre-existing CVDs. The factors
associated with the presence of existing CVDs in the total
population and by sex are presented in Table 5. Male sex,
older age, presence of comorbidities, namely hyperlipi-
daemia, diabetes mellitus and hypertension were inde-
pendent associations of the presence of existing CVDs
in the total population. When comparing the associa-
tions of existing CVDs stratified by sex, the same factors
were associated with existing CVDs in females and males
except, increasing waist circumference and overweight
being positively associated with existing CVDs only in
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Table 5 Factors associated with the presence of existing cardiovascular diseases in females, males and the total population

Females Males In the total population
LR LR *

OR P OR P P aOR 95% Cl P
Age 1.04% <0.001 1.04° <0.001 <0.001 1.03 1.02-1.03 <0.001
Female sex 0.009 0.75 0.60-0.95 0.017
Level of education 0.036 <0.001 <0.001 0.8 0.72-0.89 <0.001
Wealth quintile 0.676 0.073 0.582 1.07 0.99-1.17 0.109
Hyperlipidaemia 3.23 <0.001 2.79 <0.001 <0.001 2.08 1.61-2.68 <0.001
In those < 50 years 2.86 <0.001 2.60 0.010
In those > 50 years 246 <0.001 225 <0.001
Diabetes mellitus 2.22 <0.001 1.89 <0.001 <0.001 1.37 1.07-1.75 0.012
Hypertension 1.69 <0.001 2.00 <0.001 <0.001 1.23 0.98-1.54 0.076
Waist, cm 1.01 0314 1.02 0.016 0.009 1.00 0.99-1.01 0.898
BMI =23 kg/m? 1.07 0.626 141 0.027 0.160 1.05 0.80-1.39 0.723
Current smoking 1.09° 1.000 0.941° 0.734 0.108 0.97 0.69-1.37 0.872

LR Logistic regression, OR odds ratio, aOR adjusted odds ratio, Cl confidence interval, BMI body mass index

All calculations for males and females were done using Pearson’s Chi-square unless specifically mentioned

2 Logistic regression
P Fisher’s exact test

All logistic regressions were done using binary logistic regression.

* Multivariable logistic regression, including all the variables in the table in the model (age, sex, level of education, Wealth quintile, hyperlipidaemia, diabetes
mellitus, hypertension, waist circumference, BMI = 23 kg/m?, current smoking status)

males (OR 1.02, P=0.016 and OR 1.41, P=0.027, respec-
tively) but not in females (OR 1.01, P=0.314 and OR 1.07,
P=0.626). The odds of the association of hyperlipidaemia
for CVDs in females (OR 3.23, confidence interval (CI)
2.42-4.33) was higher than that in males (OR 2.79, CI
1.92-4.06). The association of hyperlipidaemia for CVDs
in females vs. males was not different in patients less than
50 years and those 50 years or above.

Hosmer and Lemeshow
Test

-2 Log Cox & Nagelkerke  Chi-square df Sig.
likelihood Snell R R Square

Square
2680.217a 0.037 0.08 4475 8 0812

Of the total respondents, 438 had existing CVDs. Of
the patients who were naive to CVDs, 2667 of 40-69
years of age had complete data to calculate CV risk pre-
dictions. Their 10-year CV risk predictions were calcu-
lated using the WHO risk charts. The lifetime CV risk
was calculated in the subset of 20-59-year-olds. The
association of hyperlipidaemia with high 10-year CV
risk (including 10-year CV risk of =20% or with exist-
ing CVDs) and high lifetime CV risk (including lifetime
risk of =39% or with existing CVDs) stratified by sex are
shown in Table 6. Of the respondents, 10.9% were at high
10-year CV risk while 39.7% were at high lifetime CV
risk (Table 6). Hyperlipidaemia was associated with both
high 10-year CV risk as well as high lifetime CV risk. The
association of hyperlipidaemia with high 10-year CV risk
was stronger in females than in males, both in adjusted

and non-adjusted analyses. However, the independent
association of hyperlipidaemia with high lifetime CV
risk was stronger in males (OR 1.92, 95% CI 1.01-3.67)
than in females (OR 1.62, 95% CI 1.00 -2.63) in adjusted
analyses.

Life- Hosmer and Lem-
time eshow Test
risk  SexFemalel —2Log Cox& Nagelker- Chi-  df Sig.
cv likelihood SnellR ke R square
risk Square Square
Male 662.873* 0418 0.566 20.547 8 0.008
Female 853.927° 0375 0508 22399 8 0.004
Total 15314387 0.39 0.528 21447 8 0.006
sample
10- Hosmer and Lem-
year eshow Test
CV  SexFemalel —2Log  Cox& Nagelker- Chi-  df Sig.
risk likelihood SnellR keR square
Square Square
Male 1185.995% 0.099 0.179 21991 8 0.005
Female 1620.875° 0051  0.109 6372 8 0606
Total 2825653 0069 0.139 26439 8 <0.001
sample
Discussion

Sri Lankan females, notably those aged above 50 years,
demonstrated a higher prevalence of hyperlipidaemia and
poor TC goal achievement compared to males despite
similar treatment uptake rates, even when adjusted for
other confounders like the level of education, wealth
index, and other metabolic risk factors. In contrast, the
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& prevalence of CVDs was higher among males. Male sex,
;6 % 3 = age, hyperlipidaemia, diabetes mellitus and hypertension
£s VS were independent associations of the presence of athero-
S% ., :’f sclerotic CVDs. Even though female sex was negatively
.% og % 8 associated with CVDs, hyperlipidaemia showed a stron-
";,g % E’E a § ? ger association with existing CVDs in females than‘ in
h males in stratified analysis. The independent association
g g of hyperlipidaemia with high 10-year CV risk was higher
c| 5L S s g in females compared to males. However, ‘the 1ndep‘endent
'% § ,-QC: MERS g association of hyperlipidaemia with lifetime CV risk was
EHi< E ;f oV 3 higher in males compared to women.
8 g 0\2 w S 2 The findings of this study align with and ?xpand upon
% SREL £ observations from other South Asian and international
A PR 2 studies. A decade ago, the Sri Lanka Diabetes and Car-
£ N 2‘:‘ diovascular Study (2005-2006) similarly reported tha}t
é " S females had higher mean TC, LDL-C, HDL-C, and tri-
%' S - % glyceride levels than males across all age groups [26].
é g o« § 2 E Notably, that study identifjle‘d femzflle sex as an indepen-
5Eg |0Vv-e 3 dent risk factor for hyperlipidaemia, glong with age and
g sa g adiposity [26] . Studies from other Asian countries have
5 © o : reported comparable patterns; for example, an exten-
S50 lajs 2 § sive Chinese study noted that middle-aged females had
§ 5 a higher prevalence of borderline-high or elevated TC,
A é § LDL-C, and triglycerides than males, especially beyond
5 Y S < < the fourth decade of life [39].
é g 5 % g g Globally, it is recognised that females tend to have
8L £ higher TC and HDL-C levels than males throughout
° % g E % mich of adult life [22]. This ‘female cholesterol excess’
'_g" C:; ; :S a § % ﬁ has been partly attributed to hormonal inﬂuen§es — oes-
2 trogen raises HDL-C and can delay the rise in LDL-C
2 8 until after menopause [2]. By midlife, as ovarian‘hormone
k] E S - g levels decline, females often experience surges in LDL-C
52 MER ; and triglycerides, surpassing levels observed in males [2].
5 E 9 °lve i The higher mean BMI and ove‘rweight rates obsel;ved
g \:’; o _§ in females in this étudy (64.2% with BMI > 23 kg/m vs.
AR é % g o 3 50.2% of males) likely contribute 51g’nlﬁcantly to their
S| [FNDmlaly - 2 more adverse lipid profiles. South Asian ferr}ales, espe-
3 g 2 cially in urban settings, may havse low?r physma‘l act1v1.ty
8 Py é E levels and dietary patterns predisposing to weight gain
3 :‘3 % S 3 c 5 and hyperlipidaemia due to sociocultural norms (e.g. sed-
g £ IV 22 entary domestic roles, dietary practices post-pregnancy)
2 |8 % 2 :5; o [40]. All these factors may cumulatively result in greater
fi g ?5 o o E lifetime exposure to atherogenic lipids in females [2]. It
5 f_’ ‘; ; § a E E é § :g’: is worth noting, however, that not all studies in Sri Lan}<a
% 13, _;, S have found sex-related differences — a recent community
b é 3 E survey in one province, for instance, did not identify sex
%‘ T~ 5 § 2 as a significant determinant of hyperlipidaemia [27]. That
5 E-A- o % null finding could reflect a smaller, younger sample or
S g Tg? é 23y regional lifestyle factors. In contrast, current nationally
% = % ; : § §‘ representative data and previous large-scale surveys sug-
2 £E 35 g z gest a consistent sex-related difference in lipid profiles.
i }3; é g § 5 < Treatment uptake was similar in females and males, in
2 T T g 3 % % contrast to findings reported in previ(.)us literatur.e [15,
E 3 = 538z 2 41, 42]. Although statin use did not differ by sex in the
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present sample, females were less likely than males to use
herbal therapies for lipid-lowering. This observation dif-
fers from the trends in many high-income settings, where
females have historically been less likely than males to be
prescribed statins or to receive intensive lipid-lowering
therapy [14, 43]. For instance, a managed-care analysis
in the United States noted that females were less often
screened, treated, or at LDL-C goal than males [14] . This
difference may be explained by the high literacy rate in
both females (94.3%) and males (92.3%) and less sex-
related inequality in Sri Lanka compared to most Asian
countries [44—46].

Nevertheless, the lower control rate in females points
to gaps in the quality and intensity of treatment in addi-
tion to the effect of biological sex. Potential factors
include suboptimal dosing or adherence: prior research
indicates females are more likely to discontinue statin
therapy than males, even when eligible [14]. They also
may be less likely to be escalated to high-intensity statins
due to concerns about side effects or a misperception
that their risk is lower [14]. As a result, females often
do not reach lipid targets. For example, a recent registry
from a tertiary centre showed only 30% of females with
established CVDs achieved LDL-C < 70 mg/dL, com-
pared to 43% of males [43]. This study mirrors this pat-
tern of poorer goal attainment in females despite their
greater uptake of therapy. This highlights an urgent need
to improve not just access to therapy but also adherence
and treatment optimisation in females. Culturally sensi-
tive education about medication importance, managing
statin side effects, and clinician vigilance in up-titrating
doses for females are warranted to close the control gap
[43] .

A familiar paradox was noted: females have more
hyperlipidaemia yet lower CV event rates, which cannot
be explained simply by sex. We noted that the association
of hyperlipidaemia and 10-year CV risk was stronger in
females but the association with lifetime CV risk was less
strong in females compared to men. It is well known that
females experience major atherosclerotic events approxi-
mately 5-10 years later than males on average [44]. Mul-
tiple biological and sociocultural factors likely underlie
the observed gender disparities. Beyond the effects of
endogenous hormones on lipids, females face unique risk
modifiers: conditions such as polycystic ovary syndrome,
hypertensive disorders of pregnancy (e.g. preeclampsia),
gestational diabetes, and early menopause, which are all
associated with hyperlipidaemia and CVDs [2]. These
factors are not captured in conventional risk scores but
could contribute to an elevated risk trajectory in females
that becomes apparent later in life. Females in this study
had a greater BMI and obesity, which is often linked to
a higher cardiometabolic burden. South Asian females
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may have more adverse fat distribution and inflammatory
profiles at a given BMI than males [47, 48].

Sociocultural components are undoubtedly at play [2]
. In many South Asian communities, men traditionally
engage in more physical activities (through labour or lei-
sure), whereas women may be less active due to house-
hold responsibilities and social norms limiting exercise
[47]. Dietary differences, possibly influenced by cultural
practices (such as women eating last or consuming car-
bohydrate-rich staples), might also affect lipid levels [49—
51]. Psychosocial stressors and mental health, including
depression and anxiety, are reported to be more preva-
lent in females and can indirectly worsen CV risk by hin-
dering healthy behaviours [10, 19]. Moreover, awareness
of CV risk is often lower in females; historically, heart
disease has been perceived as a “male” problem, lead-
ing to females being less likely to recognise symptoms
or seek preventive care [44]. Low health literacy and
socioeconomic disadvantages among females can further
exacerbate this. Notably, a large meta-analysis found that
low socioeconomic status confers a greater relative risk
of CVDs in females than in males [19]. Females of lower
socioeconomic strata may have less access to care, poorer
nutrition, and higher exposure to chronic stress, amplify-
ing their CV risk.

Overall, these data reinforce that females have a lower
CV risk, especially pre-menopausal, irrespective of their
lipid levels, but are not protected from CVDs as their
risk manifests later in life. Global trends are concerning
in this regard: in the last decade, CV mortality rates have
been rising in females, with middle-aged females show-
ing the fastest relative increase in atherosclerotic CVDs.
The findings of this study caution that a woman with
multiple risk factors (e.g. high cholesterol, obesity, hyper-
tension) should not be deemed low-risk simply because
her 10-year risk score is below a treatment threshold.
Short-term risk calculators can underestimate risk in
females [44] who often accumulate risk factor exposure
over an extended period before an event occurs. Thus, a
more nuanced approach to risk assessment in females is
needed, considering lifetime risk and the presence of risk
enhancers unique to females.

Strengths and limitations

There are several strengths in this study. This is a nation-
ally representative sample of Sri Lanka, and the method-
ology was robust, hence giving the best possible picture
of sex and hyperlipidaemia.

However, there are a few limitations to acknowledge.
The analysis was limited to individuals with TC mea-
surements available, which may have excluded those less
likely to undergo lipid testing or participate in the survey,
potentially introducing selection bias. CV risk predic-
tions were calculated only for individuals with complete



Mettananda et al. Lipids in Health and Disease (2026) 25:13

data, which may have introduced a similar selection bias.
However, this bias is likely minimal due to a multi-stage
stratified cluster sampling method. Only TC was assessed
due to financial constraints. Including additional lipid
parameters would have provided a more comprehen-
sive evaluation of the population’s CV risk and lipid goal
achievement. We used the ASCVD lifetime risk tool to
calculate lifetime CV risk in 20-59-year-olds without
existing CVDs, as there are no lifetime risk calculators
specific for Sri Lankans or South Asians. These esti-
mates may underestimate/overestimate lifetime risk for
Asians. However, the effect of this on gender disparity is
minimal, as we compared the lifetime risk of females and
males using the same tool.

Medication-related data, like medication adherence
and intensity of prescribed statins, were unavailable to
comment on, as the original STEPS survey data set did
not have complete data on these parameters. We col-
lected data of self-reported CVDs and therefore, this may
have introduced some recall and misclassification bias.
However, this bias was present for both sexes and there-
fore the chance of this bias affecting final conclusions
would be minimal. Further, confounding from unmea-
sured female-specific risk enhancers like early meno-
pause, previous pregnancy-related disorders or hormonal
therapy was not studied due to the unavailability of data.
Self-reported CVD history may introduce bias. However,
our stratified random sampling method captures the
effect/outcome of those risk enhancers on the prevalence
of hyperlipidaemia. The identified sex related disparities
between sexes could have been explained well had this
data been available.

Data on existing CVDs were based on the self-reported
history from patients. This could have introduced some
recall bias.

Conclusion

Sri Lankan females had a higher prevalence and poorer
control of hyperlipidaemia compared to males, despite no
difference in treatment uptake or when adjusted for other
confounders like the level of education, wealth index, and
other metabolic risk factors. Even though the presence
of CVDs was higher among males, it was independently
associated with sex and hyperlipidaemia. Therefore, there
is a critical need for the medical community to make a
paradigm change in the prevention of CVDs in females.
Routine screening for lipid disorders and other CV risk
factors should be strengthened in females and males,
especially at younger ages and during key healthcare
encounters. When hyperlipidaemia is identified, prompt
initiation of therapy and meticulous follow-up to ensure
control are essential — this may involve patient educa-
tion, overcoming therapeutic inertia, and addressing
sex-related barriers to adherence. Tailored public health
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measures for females are needed: lifestyle modification
programs that are culturally appropriate and accessible,
efforts to improve females’ knowledge of nutrition and
physical activity, and community campaigns to raise
awareness. A comprehensive approach, combining early
risk detection, equitable treatment, and the empow-
erment of females to adopt heart-healthy lifestyles, is
essential to address the rising burden of CVDs in South
Asian females. Improving the knowledge of females on
the importance of controlling lipids and the necessary
measures, especially breaking cultural barriers in females
engaging in physical activity, takes priority, as more
females have poorly controlled hyperlipidaemia com-
pared to men, but with similar treatment uptake.
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