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Influence of fish consumption on the distribution of serum
cholesterol in lipoprotein fractions: comparative study
among fish-consuming and non-fish-consuming
populations

Gandham Bulliyya PhD

Department of Physical Anthropology, School of Biological Sciences, Sri Venkateswara University, Tirupati, India

The objective of this study was to investigate serum lipoprotein levels in order to assess cardiovascular disease
(CVD) risk factors between fish-consuming populations and non-fish-consuming populations, as it has been
speculated that fish intake reduces CVD risk. A representative sample of one thousand subjects (529 men and
471 women) were selected, with ages ranging from 20 to 70 years, from 40 villages belonging to fish-
consuming (500) or non-fish-consuming (500) populations. Serum lipoprotein lipids such as total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were
analysed biochemically using standard procedures. The ratios of TC : HDL-C and LDL-C : HDL-C were
computed. Mean values of serum LDL-C and the ratios of LDL-C : HDL-C and TC : HDL-C were significantly
lower and HDL-C levels were higher in fish-consumers than in non-fish-consumers. The concentrations of HDL-C
decreased with increasing age, while the reverse was true for LDL-C and for the LDL-C : HDL-C and
TC : HDL-C ratios. There were significant sex differences for certain age groups in both of the population
groups. The 5th, 50th and 95th percentile cut-off values for these parameters were lower in fish-consumers than
in non-fish-consumers. The prevalence of individuals at risk of CVD because of low HDL-C (<35 mg/dL), high
LDL-C (>130 mg/dL) and their atherogenic ratios (LDL-C : HDL-C > 3.5 and TC : HDL-C > 4.5) was
significantly greater in non-fish-consumers. This study highlights that the fish-consuming population had a
lower atherogenic risk than the non-fish-consuming population. The intake of fish may have substantial
implications for public health and health economy by decreasing the risk of CVD. However, more studies are
warranted to better define the mechanisms of cardioprotection by dietary fish and fish oils.

Key words: cardiovascular disease risk factors, fish consumption, India, long-chain n-3 polyunsaturated fatty acids, serum
lipoprotein lipids, Tirupati.

Introduction
Cardiovascular disease (CVD) is the most frequent cause of
morbidity and mortality not only in developed nations but
also in developing nations like India.1,2 India is experiencing
a process of rapid epidemiological transition in terms of pat-
terns of health and disease as communities transform their
social and economic structures.3 There have been marked
changes in the diet and lifestyle characteristics of Indian
people, resulting in a rapid emergence of CVD. An increase
in CVD mortality has been documented following the recent
acculturation and socioeconomic development and the bur-
den of disease is predicted to increase over the next
20 years.4–6 The people living in urban India have CVD rates
similar to Indians living overseas, having the highest rates
reported for Indian people.7,8 The prevalence of CVD in rural
areas is half that of urban India.7,9 However, the overseas
Indian rates are double those of the United States and four-
fold higher than those of rural China and Japan.10

The role of blood lipids and lipoproteins in predicting
morbidity and mortality from CVD has been well estab-
lished.11,12 Cholesterol and its lipoprotein subfractions, such
as high-density lipoprotein cholesterol (HDL-C) and low-
density lipoprotein cholesterol (LDL-C), have received
considerable attention.13–15 The significance of elevated
LDL-C is identified as the major atherogenic plasma lipo-
protein.16–18 Variations in LDL-C concentrations account for
a large part of the variance in CVD incidence within high
risk populations.17 Prospective epidemiological studies have
shown that low plasma HDL-C is an independent risk factor
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for CVD.19,20 Further, studies have shown that the ratios of
LDL-C : HDL-C and total cholesterol (TC) : HDL-C are the
strongest determinants of overall risk evaluation for
CVD.13,21

Changes in the dietary patterns of populations are con-
sidered to be related to trends in CVD risk.22 Dietary factors
are suggested to have a significant impact on such CVD risk
factors as hyperlipidemia, hypertension and obesity.23–25

Japanese people are known to have one of the longest life
expectancies and their diet is believed to be the most ideal
diet in the world.26,27 Their low death rate from CVD has
been attributed to their high intake of fish and other seafood.
Epidemiological studies have revealed a reduced incidence
of CVD in populations with a high or moderate fish con-
sumption.28–30 This has been attributed to the abundance of
long-chain n-3 polyunsaturated fatty acids (n-3 LCPUFA)
present in fish oils, including eicosapentaenoic acid (EPA;
20:5n-3), docosapentaenoic acid (DPA; 22:5n-3) and
docosahexaenoic acid (DHA; 22:6n-3).31 The hypolipidemic
effect of dietary fish oils has received much recognition in
both scientific and non-scientific press.32,33 The dietary n-3
LCPUFA of fish oils exert beneficial effects by reducing
platelet aggregation and improving blood lipoprotein pro-
files. Further, fish/fish oil consumption has been associated
consistently with triglyceride-lowering effects. The most
consistent effects of n-3 LCPUFA are the reduction of serum
cholesterol,32 triglycerides,33 very-low density lipoprotein
cholesterol (VLDL-C) and LDL-C.34,35 Further, intake of
n-3 LCPUFA increases HDL-C in normal subjects.36 How-
ever, some studies have shown contradictory results regard-
ing the anti-atherogenic effects of n-3 LCPUFA from fish
and fish oils.37,38

There are limited studies describing the dietary habits of
Indian populations in relation to CVD risk profiles. The pre-
sent study was conducted with the objective to investigate
atherogenic risk factors using lipoprotein lipids of healthy
subjects from a habitual fish-consuming population and a
similar non-fish-consuming group.

Materials and methods
The present study was a cross-sectional evaluation of coastal
villages of the Nellore district, situated in the south-eastern
part of the state of Andhra Pradesh, India. The district of Nel-
lore extends from 13°3′N to 15°10′N in latitude and from
79°5′Ε to 80°15′E in longitude on the south-east coast. The
study area was selected by random sampling from 40 rural
villages at a distance of 10–140 km from the headquarters of
the district, Nellore town. All of the villages were located in
similar geographical, environmental and cultural settings and
represented average living standards. A total of 1000 healthy
subjects aged 20–70 years were studied, matched for sex
and age. The survey participants were divided into fish-
consuming and non-fish-consuming populations based on
their history of regular fish consumption. There were 500 sub-
jects (266 men and 234 women) in the fish-consuming group
and 500 subjects (263 men and 237 women) in the non-fish-
consuming group. All of the subjects gave their informed

consent prior to participation. Subjects with a history of non-
communicable disease and medication were excluded.

Subjects were selected on the basis of their habitual fish
consumption during the previous years. They were asked to
categorise whether their habitual intake included either
marine or freshwater fish. Those who ate a minimum of three
fish meals per week were placed in the fish-consuming
group. The frequency of fish consumption ranged between 3
and 7 meals per week with an average of 20–30 g/day. Those
who had not consumed fish in their lifetime were classified
as being of the non-fish-consuming population. The main
occupations of these population groups were fisherman, agri-
culturalists and labourers. Other sociocultural habits of the
study populations were almost similar.

Demographic data were recorded on such factors as age,
sex and birthplace, and on the level and type of physical and
lifestyle activities. Home visits were undertaken and the 24 h
recall method was used to assess the dietary intake of each
individual in a 20% subsample. The amounts of raw foods
were calculated from the cooked food consumed by an indi-
vidual index person using volumetric conversions. Total
individual calories and nutrient intake were computed from
the Indian food tables and details pertaining to the sampling
procedures, as well as the nutrient intake of these popula-
tions, have been reported previously.39,40

Venous blood samples were taken in the morning hours
and serum was separated and stored at – 20°C until the
analysis was carried out. The fatty acid profiles of serum
phospholipids were determined. The lipids were extracted
into chloroform/methanol, separated by thin-layer chroma-
tography, isolated and methylated (trans-methylation cata-
lysed by boron trifluoride). The fatty acid concentration of the
samples was measured by gas-chromatographic analysis and
the relative concentrations of each fatty acid was expressed as
a percentage of the total fatty acids. Detailed methods and
results on serum fatty acids and lipids (TC, triglycerides and
phospholipids) are published elsewhere.39–41

The level of HDL-C in serum was measured after precip-
itation of chylomicrons, LDL and VLDL with buffered
phosphotungstic acid and magnesium chloride, using the
same method as that for total cholesterol (TC).42 The LDL-C
concentration was calculated according to the Friedwalds’
equation:

LDL-C = TC – HDL-C – (triglycerides ÷ 5)

This formula was considered reliable for the subjects whose
triglycerides levels were < 400 mg/dL.43 The following cut-
off points for elevated lipoproteins were determined as risk
factors using the criteria of the American National Choles-
terol Education Program:13 HDL-C, < 3 5 mg/dL; LDL-C,
> 130 mg/dL; LDL-C : HDL-C, > 2.0; and TC : HDL-C,
4.5.44

The statistical measures used were mean, median, stan-
dard deviation, percentage and percentile. The differences in
mean values between men and women, and between popula-
tion groups, were analysed by the Student’s t-test. The χ2-test
was performed in order to demonstrate any difference in the
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prevalence of lipoproteinemia risk markers between groups.
A difference of P < 0.05 was accepted as significant.

Results
Table 1 shows the distribution of the study populations
according to gender and age group. Among the fish-
consuming population, the largest proportion (21%) was
aged 41–50 years and the smallest proportion (18%) was
aged 31–40 years. As for the non-fish-consuming population,
23% of them were aged between 51 and 60 years, while 18%
were in the age group of 61–70 years.

The mean concentrations of serum lipoproteins among
fish-consuming and non-fish-consuming populations are pre-
sented by age and sex in Table 2. For both of the population
groups, the mean values were almost similar for age (46.5 vs
46.0 years), body weight (51.4 vs 51.8 kg), height (167 cm)
and body-mass index (18.6 vs 18.7 kg/m2). The HDL-C
concentrations were decreased consistently with age in both
of the sexes and populations. Mean HDL-C levels were sig-
nificantly higher in fish-consuming subjects than in non-fish-
consuming subjects. A difference between the sexes was
significant only in the age group of 21–30 years (P < 0.05)
among non-fish-consumers. The proportion of HDL-C

present in TC was expressed as HDL%, which showed a
decreasing trend as age advanced. The HDL% was greater in
both sexes among the fish-consumers, compared with the
non-fish-consumers. The fish-consuming group had signifi-
cantly higher favourable HDL-C levels among men and
women than the non-fish-consuming population of the same
age group.

As expected, the mean concentrations of LDL-C as well
as LDL proportion to TC (LDL%) were progressively
increased with age in both of the sex and population groups.
The increase in LDL-C with age for men was smaller
(43.9 mg/dL and 53.8 mg/dL), while it was greater for
women (48.2 mg/dL and 61.6 mg/dL). Fish-consuming men
and women had significantly lower levels of LDL-C (95.9 vs
103.6 mg/dL and 96.3 vs 101.4 mg/dL, respectively) than
non-fish-consumers. Women had lower LDL-C concentra-
tions than men in younger age groups (21–30 and
31–40 years), while in older age groups, women dominated
over men. Significant variation was found between the sexes
in the age group of 31–40 years in the fish-consuming popu-
lation (P < 0.01). The differences between population groups
were commonly significant among men and women in the
age groups 21–30, 61–70 and total years.

Table 1. Distribution of study populations

Age Fish-consuming population Non-fish-consuming population
(years) Men Women Total Men Women Total

n (%) n (%) n (%) n (%) n (%) n (%)

21–30 56 (11) 46 (09) 102 (20) 46 (09) 49 (10) 95 (19)
31–40 50 (10) 42 (08) 92 (18) 47 (09) 48 (10) 95 (19)
41–50 57 (11) 54 (11) 111 (21) 54 (11) 51 (10) 105 (21)
51–60 53 (11) 48 (10) 101 (20) 68 (13) 49 (10) 117 (23)
61–70 50 (10) 44 (09) 94 (19) 48 (10) 40 (08) 88 (18)
Total 266 (53) 234 (47) 500 (100) 263 (52) 237 (48) 500 (100)

Table 2. Serum lipoprotein lipid concentrations (mg/dL) by age and sex among fish-consuming and non-fish-consuming
populations

Age Fish-consuming population Non-fish-consuming population Fish-consuming population Non-fish-consuming population
(years) HDL-C (mg/dL) HDL% LDL-C LDL%

Men
21–30 48.8 ± 5.8 (32.8) 46.7 ± 4.8 (31.2) 72.3 ± 18.0 (51.7) 80.8 ± 16.4 (54.0)**
31–40 48.2 ± 4.7 (29.0) 46.3 ± 4.9 (28.4)* 90.4 ± 23.2 (54.5) 89.1 ± 17.1 (54.7)
41–50 48.2 ± 5.5 (28.4) 45.1 ± 4.3 (25.9)** 93.8 ± 18.2 (55.3) 99.5 ± 21.7 (57.3)
51–60 47.7 ± 6.1 (24.9) 44.4 ± 5.3 (22.7)** 109.6 ± 20.1 (57.2) 114.2 ± 26.3 (58.3)
61–70 48.7 ± 5.8 (24.3) 44.2 ± 4.3 (21.2)* 116.2 ± 20.7 (58.1) 129.0 ± 31.9 (62.0)**
Total 47.7 ± 5.7 (27.5) 45.2 ± 4.9 (25.2)** 95.9 ± 25.0 (55.4) 103.6 ± 28.8 (57.7)**

Women
21–30 46.1 ± 5.7 (34.2) 48.7 ± 5.2 (32.7)*† 69.9 ± 14.8 (51.9) 77.4 ± 20.8 (52.0)**
31–40 48.7 ± 4.9 (31.4) 47.5 ± 5.7 (30.4) 80.3 ± 13.2 (52.6)†† 83.1 ± 20.5 (53.3)
41–50 47.2 ± 3.9 (27.5) 44.2 ± 4.2 (25.2)** 95.0 ± 19.8 (55.4) 98.8 ± 18.8 (56.3)
51–60 47.2 ± 5.8 (24.3) 44.5 ± 4.4 (22.5)* 111.9 ± 24.2 (57.8) 115.2 ± 26.9 (58.3)
61–70 47.6 ± 5.5 (23.0) 43.5 ± 4.5 (19.7)** 123.7 ± 22.4 (59.7) 139.0 ± 31.8 (63.1)**
Total 47.3 ± 5.2 (27.5) 45.7 ± 5.2 (25.7)** 96.3 ± 27.5 (56.0) 101.4 ± 32.2 (57.0)**

Figures in parentheses denote the proportion of lipoprotein to total cholesterol. †Significantly different between sexes for the same age group. *Significantly
different between population groups for the same age group. Statistical significance (Student’s t-test): †/*0.05 > P > 0.01; ††/**0.01 > 0.001. HDL%,
proportion of high-density lipoprotein to total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL%, proportion of low-density lipoprotein to total
cholesterol; LDL-C, low-density lipoprotein cholesterol.
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The age-specific means for the values of the LDL-C :
HDL-C and TC : HDL-C ratios are given as atherogenic
indices in Table 3. The distribution of these indices showed a
pattern similar to that of the LDL-C distribution. There was
an age-dependent increase in the ratios of LDL-C : HDL-C
for both of the sexes and the population groups. The mean
ratios of LDL-C : HDL-C were 2.03 and 2.05 for the fish-
consuming men and women, respectively, as compared to
2.32 and 2.26 for the non-fish-consuming men and women.
The mean LDL-C : HDL-C ratio was significantly lower
among the fish-consuming men for the 21–30 year (P < 0.05),
41–50 year, 51–60 year, 61–70 year and total (P < 0.01) age
groups than among the non-fish-consumers. Significant dif-
ferences were observed for women in the 41–50 year
(P < 0.05), 61–70 year and total years (P < 0.01) age cate-
gories. Similarly, the ratios of TC : HDL-C were increased
with advanced age for both of the population groups.

The normal limits of serum lipoproteins in either of the
populations did not show normal distribution curves. Instead,
they were skewed toward the lower level of mean values
among both the fish-consuming and non-fish-consuming

populations (Table 4). The median (50th percentile) values
were marginally lower than their respective mean values.
The median HDL-C and LDL-C values were 47.1 mg/dL and
93.9 mg/dL, respectively, for the fish-consuming population
and 44.9 mg/dL and 98.1 mg/dL, respectively, for the non-
fish-consuming population. The 5th, 50th and 95th per-
centiles for HDL-C and LDL-C were lower in the
fish-consuming group than in the corresponding non-fish-
consuming group. The cut-off values at the 95th percentile
were 54.1 mg/dL for HDL-C and 114.2 mg/dL for LDL-C
among the fish-consuming men, and 56.9 mg/dL for HDL-C
and 145.6 mg/dL for LDL-C for the fish-consuming women.
Among the non-fish-consuming group, the men had a HDL-C
value of 52.6 mg/dL and a LDL-C value of 164.5 mg/dL, and
the women had a HDL-C value of 53.4 mg/dL and a LDL-C
value of 170.5 mg/dL.

Using the criteria of National Cholesterol Education Pro-
gram (NCEP)13,44 for North America, the prevalence of
various at-risk categories for HDL-C, LDL-C and the
atherogenic ratios among the fish-consuming and non-fish-
consuming populations are shown in Table 5. Among the

Table 3. Ratios of LDL-C : HDL-C and total cholesterol : HDL-C by age and sex among fish-consuming and non-fish-
consuming populations

Age LDL-C : HDL-C TC : HDL-C
(years) Fish-consuming population Non-fish-consuming population Fish-consuming population Non-fish-consuming population

Men
21–30 1.56 ± 0.35 1.75 ± 0.40* 3.10 ± 0.37 3.22 ± 0.37
31–40 1.90 ± 0.55 1.95 ± 0.43 3.47 ± 0.62 3.55 ± 0.51
41–50 1.98 ± 0.47 2.23 ± 0.54** 3.56 ± 0.56 3.89 ± 0.60**
51–60 2.31 ± 0.41 2.61 ± 0.61** 4.05 ± 0.47 4.45 ± 0.77**
61–70 2.42 ± 0.51 2.94 ± 0.71** 4.16 ± 0.63 4.74 ± 0.86**
Total 2.03 ± 0.55 2.32 ± 0.71** 3.66 ± 0.66 4.01 ± 0.87**

Women
21–30 1.52 ± 0.27 1.61 ± 0.52†† 2.93 ± 0.23† 3.08 ± 0.60
31–40 1.66 ± 0.33† 1.77 ± 0.47† 3.15 ± 0.35†† 3.31 ± 0.51
41–50 2.03 ± 0.48 2.26 ± 0.47* 3.66 ± 0.55 4.00 ± 0.56**
51–60 2.40 ± 0.57 2.61 ± 0.63 4.16 ± 0.53 4.46 ± 0.70*
61–70 2.63 ± 0.52† 3.22 ± 0.77** 4.39 ± 0.60 5.09 ± 0.81†**
Total 2.05 ± 0.52 2.26 ± 0.81** 3.66 ± 0.73 3.95 ± 0.96**

Values are given as mean ± SD. †Significantly different between sexes for the same age group. *Significantly different between population groups for the
same age group. Statistical significance (Student’s t-test): †/*0.05 > P > 0.01; ††/**0.01 > 0.001. HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; TC, total cholesterol.

Table 4. Percentile cut-off points for lipoprotein lipids among fish-consuming and non-fish-consuming populations

Lipoprotein lipid Fish-consuming population Non-fish-consuming population
(percentile) Men Women Total Men Women Total

HDL-C (mg/dL)
5th 36.7 37.2 37.0 36.1 36.3 36.1
50th† 47.3 46.9 47.1 44.6 45.1 44.9
95th 54.1 56.9 56.9 52.6 53.4 53.4**

LDL-C (mg/dL)
5th 54.1 53.2 53.8 56.9 54.3 55.8
50th† 94.3 93.4 93.9 99.6 96.5 98.1
95th 114.2 145.6 129.2 164.5 170.5 167.6**

†Fiftieth percentile values are marginally different from mean values. Statistical significance (χ2-test): **P < 0.01. HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol.
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fish-consumers, only 14.6 and 19.6% had low (<35 mg/dL)
and medium (36–45 mg/dL) HDL-C levels, respectively,
while 10.8 and 2.8% had high (131–155 mg/dL) and very
high LDL-C levels (>155 mg/dL). The corresponding per-
centages among non-fish-consumers were 17.8, 33.2, 19.2
and 8.8%, respectively. The atherogenic ratios were 7.2% for
LDL-C : HDL-C and 9.6% for TC : HDL-C among the non-
fish-consumers, but only 3.8 and 4.8% for the corresponding
ratios among the fish-consumers. The extent of risk preva-
lence was higher in women than in men in both populations.
The extent of lipoprotein risk status for HDL-C and LDL-C
was significantly higher in the fish-consuming group
(P < 0.01) than in the non-fish-consuming group (P < 0.01).

Discussion
The data presented here demonstrate that the fish-consuming
population has a favourable lipoprotein profile compared
with the non-fish-consuming population. The fish-consum-
ing group have considerably higher HDL-C and lower LDL-
C levels and atherogenic ratios than the non-fish-consuming
group. A diet rich in fish may therefore play a role in the
determination of lipoprotein differences between these diet
groups. Experimental and cross-cultural studies have
reported that the type of fat consumed induces both athero-
sclerosis and thrombosis in the aetiology of CVD.22,45,46

Among the dietary factors, the quantity of fat is a less impor-
tant, modifiable risk factor for CVD than the quality of fat
consumed.47 The fat content of the diet is reflected in the
fatty acid patterns in red blood cells and serum.48–51 The fish-
consuming group were characterised by an increased propor-
tion of n-3 LCPUFA in the serum, mainly due to the
accumulation of n-3 LCPUFA, such as EPA, DPA and DHA,
to a decreased proportion of n-6 LCPUFA.28,39 Further, an
increase in the n-3 LCPUFA series is negatively correlated
with n-6 LCPUFA and the ratio of n-6 : n-3 LCPUFA of fish-
consumers is much less (3.21%) than that of non-fish-
consumers (14.34%).39 Because fishing is the main

occupational activity of the fish-consuming population, it is
not surprising that fish is the main animal-protein source,
with almost every subject consuming fish daily. The accu-
mulation of n-3 LCPUFA in the serum phospholipids of the
membranes was associated with a reciprocal decrease in the
n-6 LCPUFA, especially arachidonic acid (20:4 n-3), due to
the inhibitory effect of n-3 LCPUFA in the synthesis of
arachidonic acid from linoleic acid (18:2 n-6). When com-
pared with the fish-consuming population, the average per
capita fish consumption of the Greenland Eskimos and
Japanese fishermen was estimated to be much higher.27,51–53

It is now well established that diets rich in fish and fish
oils protect against CVD.50,53 This study confirms pre-
vious observations from other countries indicating that fish-
consumers have less risk of CVD than non-fish-
consumers.52,54,55 The hypolipidemic effect of dietary fish
has been well documented.56,57 Moreover, previous studies
from the Indian region reported that the mean distributions of
blood lipids and blood pressures were significantly lower
in fish-consuming groups than in non-fish-consuming
groups.40,41

Although serum total cholesterol is an independent risk
factor for premature CVD, its atherogenecity is markedly
influenced by the levels of lipoprotein present in choles-
terol.16–18 The levels of lipoprotein present in cholesterol
(HDL-C) are greater in fish-consumers, while the levels of
LDL-C are lower in comparison to the non-fish-consuming
group. The evidence for an association between low HDL-C
and CVD is quite strong, playing a pivotal role in the
removal of excess cholesterol from the tissues.19,20 A low
content of HDL-C confers a greater risk of CVD compared
with a high concentration of serum triglycerides and choles-
terol, which is seen in virtually all countries and in both men
and women.58 A diet resulting in serum HDL-C reduction
and LDL-C elevation may augment the risk of CVD.

Several studies have documented that fish intake can
favourably affect lipoproteins with (higher) HDL-C and

Table 5. Prevalence of lipoprotein lipid risk status among fish-consuming and non-fish-consuming populations

Lipoprotein lipid Fish-consuming population Non-fish-consuming population
cut-off values Men Women Total Men Women Total

% n % n % n % n % n % n

HDL-C (mg/dL)
< 35 (Low) 14.7 39 14.5 34 14.6 73 17.9 47 17.7 42 17.8 89
36–45 (Medium) 16.9 45 22.6 53 19.6 98 35.0 92 31.2 74 33.2 166
46 < (High) 68.4 182 62.8 147 65.8 329 47.1 124 51.1 121 49.0† 245

LDL-C (mg/dL)
< 130 (Low) 93.2 232 85.4 200 86.4 432 75.3 198 68.4 162 78.0 360
131–155 (Medium) 5.4 27 11.5 27 10.8 54 17.1 45 21.5 51 19.2 96
156 < (High) 1.7 7 3.0 7 2.8 14 7.6 20 10.1 24 8.8† 44

Atherogenic index 1
LDL-C : HDL-C (> 3.5) 3.8 10 8.1 9 3.8 19 6.8 18 7.6 23 7.2* 36

Atherogenic index 2
TC : HDL-C (> 4.5) 4.9 13 4.7 11 4.8 24 4.6 12 15.2 36 9.6* 48

Statistical significance (χ2-test): †0.05 > P > 0.01 (d.f. = 2); *0.05 > P > 0.01 (d.f. = 1). HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; TC, total cholesterol.
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(lower) LDL-C levels.29,31,33 The overall mean values of
HDL-C in fish-consumers were greater than those in non-
fish-consumers, despite the non-significant difference in
some age groups. In view of the predictive risk status for the
proportion of HDL-C in total cholesterol (HDL%), the for-
mer group had a relatively lower risk than the latter group.
The results of this study are in agreement with those of other
epidemiological and clinical studies.51,52,58,59 However, some
studies observed either no effect on HDL-C,60,61 or reduced
HDL-C.62 The mean LDL-C level among fish-consumers is
lower than that among non-fish-consumers, as reported in
other studies.35,36,59,63 Clinical studies have reported that a
high intake of fish and fish oils lowers LDL-C,33,64,65 but
this is not true for moderate or lower doses of fish oils.35,36 In
some controlled studies using relatively lower doses of fish
oils, no change was reported in LDL-C,66 while others docu-
mented an increased LDL-C level.67 However, some studies
with negative effects of n-3 LCPUFA on LDL-C warrant
further controlled clinical investigations.

There were differences between men and women in
regard to the lipoprotein levels by age. Overall, LDL-C and
the TC : HDL-C and LDL-C : HDL-C ratios increased with
age, which was evident in both of the population groups, in
accordance with the findings of others.13 In general, serum
concentrations of LDL-C increase with age, contributing to a
heightened risk of CVD in older women.68 This may be due
to the cholesterolemic impact of menopause as after
menopause, the atherogenic risk markers rise steeply in
women and exceed the levels found in men.2,7 Thus,
menopause is associated with a decrease in HDL-C levels
and an increase in LDL-C levels.67,69

The classification of lipid phenotypes by the measure-
ment of lipoproteins implies that only those with levels
above the 95th percentile were considered as abnormal.70

Hyperlipoproteinemia exists when the concentrations of
lipoproteins exceed the upper limits of normal. The per-
centile cut-off values were relatively lower in fish-consumers
than in the non-fish-consuming group. However, the values
of normal will vary according to the locality, age, sex distri-
bution and diet of the population under study.71

According to the American NCEP guidelines, a serum
LDL-C level > 130 mg/dL (3.5 mmol/L) is considered a risk
factor for CVD.13 If the value of the LDL-C : HDL-C ratio is
> 3.5, or the TC : HDL-C ratio is > 5.0, then diet therapy to
reduce the elevated LDL-C level is advised in order to reduce
the risk of CVD.21 Generally, individuals with a LDL-C level
> 130 mg/dL and a HDL-C level < 35 mg/dL (0.9 mmol/L)
are used as the index for CVD risk.72 However, the appropri-
ateness of using cut-off points employed in Western coun-
tries to define the risk thresholds for other areas is debatable,
and a LDL-C value of < 100 mg/dL is suggested to be ideal
for Indian people.72

The ratios of LDL-C : HDL-C and TC : LDL-C are fre-
quently used as a measure of atherogenecity. These indicated
that the risk of CVD was significantly higher in non-fish-
consumers than in fish-consumers. Based on the Framing-
ham Heart Study, these indices are important determinants

for assessing CVD, with the risk increasing several-fold
when a TC : HDL-C ratio of 4.5 or more is detected.21,22,73 In
the fish-consuming group, the atherogenic TC : HDL-C ratio
was 3.8%, and 7.2% in the non-fish-consumers, in excess of
the cut-off value of 4.5. This study recorded a LDL-C :
HDL-C ratio of 4.8% for the fish-consumers and 9.6% for
the non-fish-consumers, both being in excess of the cut-off
point of 3.5, which proved to be an important indicator of
CVD in population studies.21

A number of mechanisms have been suggested for the
reduced CVD risk associated with diets rich in fish and n-3
LCPUFA.33,74 Reduced concentrations of LDL-C and
VLDL-C in plasma during fish/fish oil consumption could be
attributed to several mechanisms. These include: a
favourable lipoprotein lipid profile; reduced synthesis of
triglycerides in the liver; an increased rate of catabolism of
VLDL due to an increase in the activity of lipoprotein lipase
or possibly hepatic lipase; an enhanced clearance rate of
LDL from plasma; an increased expression of high-affinity
LDL-receptors; and a combination of these potential mecha-
nisms.33,75

Conclusion
The results of this study, along with other reports, lend sup-
port to the beneficial role of fish consumption on CVD risk
factors. These factors include high serum levels of HDL-C
and low serum levels of LDL-C, and the values of the LDL-C :
HDL-C and TC : HDL-C ratios. The reduction of LDL-C
and elevation of HDL-C are significant factors in reducing
CVD risk in the fish-consuming group. The prevalence of
dyslipoproteinemias and the atherogenic ratios were found to
be lower in the fish-consuming compared to the non-fish-
consuming group. It could be suggested from this study that
fish consumption improves the lipid profile. Further studies
are required in order to confirm these results and add more
insights to the understanding of cardioprotection. The
Indian people are undergoing a process of rapid sociocul-
tural transition associated with lifestyle changes in diet,
which can be expected to have an impact on the risk of sev-
eral degenerative diseases. Clinical trials with expensive
pharmacotherapies to prevent CVD have not shown appre-
ciable results, and some have even shown deleterious
effects. Dietary measures are therefore considered to be an
important aspect in promoting a healthy lifestyle for pre-
venting the country’s emerging CVD epidemic in the coming
millennium.

Acknowledgements. The author acknowledges the contribution of all
those involved in this study at the Department of Physical Anthro-
pology, Sri Venkateswara University, Tirupati, and also thanks the study
subjects for their enthusiastic participation. This study was funded by
the Council of Scientific and Industrial Research (CSIR) and the
Department of Science and Technology (DST), New Delhi.

References
1. Rajmohan L, Deepa R, Mohan V. Risk factors for coronary artery

disease in India. Emerging trends. Ind Heart J 2000; 52: 221–225.
2. Husten L. Global epidemic of cardiovascular disease predicted.

Lancet 1998; 352: 1530–1531.



G Bulliyya110

3. Bulliyya G. The key role of fats in coronary heart disease under
progressive urbanization and nutritional transition. Asia Pacific J
Clin Nutr 2000; 9: 289–297.

4. Reddy KS, Yusuf S. Emerging epidemic of cardiovascular disease
in developing countries. Circulation 1998; 97: 569–601.

5. Krishnaswami S, Prasad NK, Jose VJ. A study of lipid levels in
Indian patients with coronary artery disease. Int J Cardiol 1989; 
24: 337–345.

6. Krishnaswami S. Observation on serial changes in coronary artery
disease in Indians. Curr Sci 1998; 74: 1064–1068.

7. Chaddha S, Radhakrishna S, Ramachandran S. Epidemiological
study of coronary heart disease in urban populations of Delhi. Ind J
Med Res 1990; 92: 424–430.

8. Bhatnagar D, Anand IS, Durringhton PN, Patel DJ, Wander GS,
Marckness MI, Creed F, Temenson B, Chandrasekhar Y, Winter-
Botham M. Coronary risk factors in people from the Indian sub-
continent living in west London and their siblings in India. Lancet
1995; 345: 405–409.

9. Gupta R, Gupta H, Kumar N, Joshi A, Gupta V. Lipoprotein lipids
and the prevalence of hyperlipidemia in rural India. J Cardiovasc
Risk 1994; 1: 179–184.

10. Enas EA. High rates of coronary artery disease in Asian Indians in
the United States despite intense modification of life style: What
next? Curr Sci 1998; 74: 1081–1086.

11. Simons LA, Hickie JB, Balasubramaniam S. On the effect of
dietary n-3 fatty acids on plasma lipids and lipoproteins in patients
with hyperlipidemia. Arterioscler Thromb Vasc Biol 1995; 54:
75–88.

12. Gurr MI. Dietary lipids and coronary heart disease. Old evidence,
new perspective. Prog Lipid Res 1992; 31: 195–243.

13. National Cholesterol Education Program. Second Report of the
Expert Panel on Detection, Evaluation and Treatment of High
Blood Cholesterol in Adults, Adults Treatment Panel II. Circulation
1994; 89: 1329–1345.

14. Jacobs DR, Mebane IL, Bangdiwala SI. High-density lipoprotein
cholesterol as predictor of cardiovascular mortality in men and
women. Am J Epidemiol 1990; 31: 32–47.

15. Bass KM, Newschaffer CJ, Keog MJ. Plasma lipoprotein levels as
predictors of cardiovascular death in women. Arch Intern Med
1993; 153: 2209–2216.

16. Kannel WB, Wilson PWF. An update on coronary risk factors. Med
Clin North Am 1995; 79: 951–971.

17. Steinberg D. Lipoproteins and atherosclerosis: a look back and
ahead. Arterioscler Thromb Vasc Biol 1983; 3: 283–301.

18. Brown MS, Goldstein JL. A receptor-mediated pathway for choles-
terol homeostasis. Science 1986; 232: 34–47.

19. Castelli WP, Doyle HT, Gordon T. High-density lipoprotein choles-
terol and other lipids in coronary heart disease. Circulation 1997;
55: 667–672.

20. Gordon DJ, Probstfield JL, Garrison RJ. High-density cholesterol
and cardio-vascular disease. Prospective American studies. Circula-
tion 1989; 79: 8–15.

21. Grundy SM, Goodman DEWS, Rifkind BM, Cleeman JI. The place
of high density lipoprotein in cholesterol management. A prospec-
tive from the National Cholesterol Education Program. Arch Intern
Med 1989; 149: 505–510.

22. Donnan PT, Thompson M, Fowkes FG, Prescot RJ, Housley E. Diet
as a risk factor for peripheral arterial disease in the general popula-
tion: the Edinburgh Artery Study. Am J Clin Nutr 1993; 57:
917–921.

23. Kushi LH, Lew RA, Stare FJ, Ellison CR, Lozy ME, Bourke G,
Daly L, Graham I, Hickey N, Mulcahy R, Kevaney J. Diet and 20-
year mortality from coronary heart disease. The Ireland-Boston
Diet-Heart Study. N Engl J Med 1985; 312: 811–818.

24. Tell GS, Evans GW, Folsom AR, Shimakawa T, Carpenter MA,
Heiss G. Dietary fat intake and carotid artery wall thickness: the
arteriosclerosis risk in communities study. Am J Epidemiol 1994;
139: 978–989.

25. Trustwell AS. Practical and relative approaches to healthier diet
modification. Am J Clin Nutr 1998; 67: 583S–590S.

26. Matswaki T. Longevity, diet and nutrition in Japan. Epidemio-
logical studies. Nutr Rev 1992; 50: 355–359.

27. Otsuka S. Japanese Food, Fast and Present. Abat Japan Series.
Tokyo: Tokyo Foreign Press Center, 1996; 1–88.

28. Siscovick DS, Raghunathan TE, King I, Weinmann S, Wicklund
KC, Albert J, Bovbjerg V, Arbogast P, Smith H, Kushi LH, Coppass
MK, Psaty BM, Lemaitre R, Retzlaff B, Childs M, Knopp LR.
Dietary intake and cell membrane levels of long-chain n-3 polyun-
saturated fatty acids and the risk of primary cardiac arrest. JAMA
1995; 274: 1363–1367.

29. Davinglus ML, Stamler J, Orencia AJ, Dyer AR, Liu K, Greenland P,
Walsh MK, Morris D, Shekelle RB. Fish consumption and the
30-year risk of fatal myocardial infarction. N Engl J Med 1997;
336: 1046–1053.

30. Albert CM, Hennekens CH, O’Donnell CJ, Ajani UA, Carey VJ,
Willett WC, Ruskin NJ, Manson JE. Fish consumption and risk of
sudden cardiac death. JAMA 1998; 279: 23–28.

31. Kromhout D. Fish consumption and cardiac death. JAMA 1998;
279: 65–66.

32. Schectman G, Boerboon LE, Hannah J, Howard BV, Mueller RA,
Kissebah AH. Dietary fish oil decreases low-density-lipoprotein
clearance in non-human primates. Am J Clin Nutr 1996; 64:
215–221.

33. Harris WS. n-3 Fatty acids and serum lipoproteins, human studies.
Am J Clin Nutr 1997; 65S: 1645–1654.

34. Nestel PJ, Connor WE, Reardon MF, Connor S, Wong S, Bostan R.
Suppression by diets rich in fish oil of very-low density lipoprotein
production. J Clin Invest 1984; 74: 82–89.

35. Illingworth DR, Harris WS, Connor WE. Inhibition of low-density
lipoprotein synthesis by dietary omega-3 fatty acids in humans.
Arterioscler Thromb Vasc Biol 1984; 4: 270–275.

36. Sanders TAB, Hinds A, Pereira CC. Influence of n-3 fatty acids
on blood lipids in normal subjects. J Intern Med 1989; 225S:
99–104.

37. Salonen JT, Nyssonen K, Salonen R. Fish intake and the risk of
coronary heart disease. N Engl J Med 1995; 333: 937–939.

38. Rodriguez BL, Sharp DS, Abbott RD, Burchfiel CM, Masaki K,
Chyou PH, Huang B, Yano K, Curb JD. Fish intake may limit the
increase in risk of coronary heart disease morbidity and mortality
among heavy smokers. The Honolulu Heart Program. Circulation
1996; 94: 952–956.

39. Bulliyya G, Reddy PC, Reddanna P. Traditional fish consumption
and fatty acid composition in fish consuming and non-fish consum-
ing populations. Asia Pacific J Clin Nutr 1997; 6: 230–234.

40. Bulliyya G, Reddy PC, Reddanna P. Arterial pressures in fish con-
suming and non-fish consuming populations. Asia Pacific J Clin
Nutr 1999; 8: 195–199.

41. Bulliyya G. Fish intake and blood lipids in fish eating and non-fish
eating communities of coastal south India. Clin Nutr 2000; 19:
165–170.

42. Burstein M, Scholnick HR, Morfin R. Rapid method for the isola-
tion of lipoproteins from human serum: precipitation with poly-
anions. J Lipid Res 1970; 11: 583–595.

43. Friedwald WT, Levy RT, Fredrickson DS. Estimation of the con-
centration of low-density lipoprotein cholesterol in plasma without
use of preparative ultracentrifugation. Clin Chem 1972; 18:
499–502.

44. National Cholesterol Education Program. Second Report of the
Expert Panel on Detection, Evaluation and Treatment of High
Blood Cholesterol in Adults, Adults Treatment Panel III. Circula-
tion 1994; 89: 1333–1445.

45. Siedelin KN, Murphy B, Fischer-Hansen B. n-3 Fatty acids in adi-
pose tissue and coronary artery disease are inversely related. Am J
Clin Nutr 1992; 55: 1117–1119.

46. Thom-Henderson A. Coronary heart disease: an overview. Lancet
1996; 348S: 1–4.



Fish consumption and cholesterol lipoproteins 111

47. Barr SL, Ramakrishnan RJ, Johnson C, Holbron S, Dell RB, Gins-
berg HN. Reducing total dietary fat without reducing saturated fatty
acids does not significantly lower total plasma cholesterol in nor-
mal males. Am J Clin Nutr 1992; 55: 675–681.

48. Rapp JH, Connor WE, Lin DS, Porter JM. Dietary eicosapentaenoic
acid and docosahexaenoic acid for fish oil. Their incorporation into
advanced human atherosclerotic plaque. Arterioscler Thromb Vasc
Biol 1991; 11: 903–911.

49. Charnock JS, Abeywardena MY, Poletti VM, McLennan PL. Dif-
ferences in fatty acid composition of various tissues of marmoset
monkey after different lipid supplemented diets. Comp Biochem
Physiol A Physiol 1992; 101A: 387–393.

50. Anderson LF, Solvoll K, Drevon CA. Very-long chain n-3 fatty
acids as bio-markers for intake of fish and n-3 fatty acid concen-
trates. Am J Clin Nutr 1996; 64: 305–311.

51. Gerasimova E, Perova N, Ozerova I, Polessky V, Metelskaya V,
Sherbakova I, Levachev M, Kulakova S, Nikitin Y, Astakhova A.
The effect of dietary n-3 polyunsaturated fatty acids on high-
density lipoprotein cholesterol in Chukot residents vs Muscovites.
Lipids 1991; 26: 261–265.

52. Bang HO, Dyerberg J. Plasma lipids and lipoproteins in Greenland
west coast Eskimos. Acta Med Scand 1972; 192: 85–94.

53. Schmidt EB, Skou H, Christensen JH, Dyerberg J. n-3 Fatty acids
from fish and coronary artery disease: implications for public
health. Public Health Nutr 2000; 3: 91–98.

54. Khor GL. Global epidemic of cardiovascular disease predicted.
Asia Pacific J Clin Nutr 1997; 6: 122–142.

55. Marckmann P, Gronbaek M. Fish consumption and coronary heart
disease mortality. A systemic review of prospective cohort studies.
Eur J Clin Nutr 1999; 53: 585–590.

56. Lervang HH, Schmidt EB, Moller J, Svaneborg N, Varming K,
Madsen PH, Dyerberg J. The effect of low-dose supplementation
with n-3 poly-unsaturated fatty acids on some risk markers of coro-
nary heart disease. Scan J Clin Lab Invest 1993; 53: 417–423.

57. Harris WS. n-3 Fatty acids and lipoproteins: comparison of results
from human and animal studies. J Lipid Res 1996; 31: 243–252.

58. Dyer AR, Stamler J, Shekelle RB. Serum cholesterol and mortality
from coronary heart disease in young, middle-aged and older men
and women from three Chicago epidemiologic studies. Ann Epi-
demiol 1992; 2: 51–57.

59. Young TK, Nikitin YP, Shubnikov EV, Astakhova TI, Mofftt MEK,
O’Neil JD. Plasma lipids in two indigenous Arctic populations with
low risk for cardiovascular disease. Am J Hum Biol 1995; 7:
223–236.

60. Simons LA. Interrelationship of lipids and lipoproteins with coro-
nary artery disease mortality in 19 countries. Am J Cardiol 1986,
15 (S), 5–10.

61. Mackness MI, Bhatnagar D, Durrington PL. Effect of a new fish oil
concentrate on plasma lipids and lipoproteins in patients with
hypertriglyceridemia. Eur J Clin Nutr 1994; 48: 859–865.

62. Brown AJ, Roberts DCK. Moderate fish oil intake improves lipemic
response to a standard fat meal: a study in 25 healthy men. Arterio-
scler Thromb Vasc Biol 1991; 11: 457–466.

63. Bronsgeest-Schoute HC, Gent CM, Luten VJB, Ruiter A. The effect
of various intakes of omega-3 fatty acids on the blood lipid compo-
sition in healthy human subjects. Am J Clin Nutr 1981; 34:
1752–1757.

64. Torres IC, Mira L, Ornelas CP, Melim A. Study of the effects of
dietary fish intake on serum lipids and lipoproteins in two popula-
tions with different dietary habits. Br J Nutr 2000; 83: 371–179.

65. Phillipson BE, Rothrock DW, Harris WS, Illingworth DR. Reduc-
tion of plasma lipids and lipoproteins and apoproteins by dietary
fish oil in patients with hypertriglyceridemia. N Engl J Med 1985;
312: 1210–1216.

66. Huff MW, Telford DE. Dietary fish oil increases the conversion of
very-low-density lipoprotein B to low-density lipoprotein. Arterio-
scler Thromb Vasc Biol 1993; 103: 107–121.

67. Schaefer EJ, Lamon-Fava S, Cohn SD. Effects of age, gender and
menopausal status on plasma low-density lipoprotein cholesterol
and apoprotein-B levels in the Framingham Offspring Study.
J Lipid Res 1994; 35: 779–792.

68. Miller-Bass K, Newshaffer CJ, Kiag MJ, Bush TL. Plasma lipopro-
tein levels as predictors of cardiovascular death in women. Arch
Intern Med 1993; 153: 2209–2216.

69. Bonithon-Kopp C, Scarabin PV, Darnes B, Melmejac A, Guize L.
Menopause related changes in lipoprotein and some other cardio-
vascular risk factors. Int J Epidemiol 1990; 19: 42–48.

70. Beaumount JL, Carlson CA, Cooper GR, Fezzar Z, Fredrickson
DS, Strasser T. Classification of hyperlipidemias and hyperlipo-
proteinemias. Bull WHO 1972; 43: 891–1001.

71. World Health Organization Study Group. Diet and Prevention of
Chronic Diseases. WHO Technical Report Series 796. Geneva:
WHO 1999.

72. Miller GT, Beckles GLA, Alesis DS, Byam NTA, Price SGI. Serum
lipoproteins: susceptibility of men of Indian descent to coronary
heart disease. Lancet 1982; 328: 200–203.

73. Eastman G. Prospective epidemiologic studies. Lipid Metabolism
and Atherosclerosis. Stuttgart: Shattaurer, Verlag, 1982; 43–48.

74. Connor SL, Connor WE. Are fish oils beneficial in the treatment of
coronary artery disease? Am J Clin Nutr 1997; 66S: 1020–1031.

75. Harris WS, Lu G, Rambjor GS, Walen AI, Ontko JA, Cheng Q,
Windsor SL. Influence of n-3 fatty acid supplementation on the
endogenous activities of plasma lipases. Am J Clin Nutr 1997; 66:
254–260.


