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Abstract
Objective: Carotid intima-media thickness (IMT) is a validated surrogate marker of
preclinical atherosclerosis and is predictive of cardiovascular morbidity and
mortality. Research on the association between IMT and diet, however, is lacking,
especially in low-income countries or low-BMI populations.
Design: Cross-sectional analysis. Dietary intakes were measured using a validated,
thirty-nine-item FFQ at baseline cohort recruitment. IMT measurements were
obtained from 2010–2011.
Setting: Rural Bangladesh.
Subjects: Participants (n 1149) randomly selected from the Health Effects of
Arsenic Longitudinal Study, an ongoing, population-based, prospective cohort
study established in 2000. Average age at IMT measurement was 45·5 years.
Results: Principal component analysis of reported food items yielded a ‘balanced’
diet, an ‘animal protein’ diet and a ‘gourd and root vegetable’ diet. We observed a
positive association between the gourd/root vegetable diet and IMT, as each 1 SD
increase in pattern adherence was related to a difference of 7·74 (95 % CI 2·86,
12·62) μm in IMT (P < 0·01), controlling for age, sex, total energy intake, smoking
status, BMI, systolic blood pressure and diabetes mellitus diagnoses. The balanced
pattern was associated with lower IMT (−4·95 (95 % CI −9·78, −0·11) μm for each
1 SD increase of adherence; P = 0·045).
Conclusions: A gourd/root vegetable diet in this Bangladeshi population positively
correlated with carotid IMT, while a balanced diet was associated with
decreased IMT.

CVD is the leading cause of death worldwide, although it
has been posited that up to 90 % of cases may be preventable simply by modifying diet and lifestyle(1–3). While
CVD contributes less, proportionally, to overall mortality in
the developing world (~23 % compared with ~49 % in more
economically developed countries), these areas are home to
the vast majority of the global population as well as over
60 % of worldwide CVD mortality(4). Additionally, further
industrialization stands to yield a decrease in infectious
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disease mortality and concurrent increase in the burden of
CVD(1,5,6). Hence, as CVD is typically inﬂuenced by modiﬁable lifestyle factors or exposures, it becomes advantageous to recognize risk factors and preclinical markers of
disease in populations with varying socio-economic characteristics. This not only facilitates more effective preventive
strategies, but also allows for earlier interventions.
Carotid artery intima-media thickness (IMT) is a validated surrogate marker of preclinical atherosclerosis that
© The Authors 2015
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has been shown to predict cardiovascular morbidity and
mortality(7). Many studies have sought to examine CVD
risk factors in relation to carotid IMT as a mechanistic
intermediate. Particularly useful would be a better understanding of how diet, a critical modiﬁable risk factor for
CVD, affects carotid IMT. Previous observational studies
have shown high intakes of plant foods and ﬁbre as well
as low intakes of saturated fats and processed foods to
be inversely associated with carotid IMT(8–11), while
additional experimental studies have tested the effect of
dietary or lifestyle interventions on carotid IMT(12–15).
More recently, it has been suggested that adherence to a
‘Mediterranean’ diet may protect against a higher burden
of carotid atherosclerotic plaque(16). Data are scarce,
however, with respect to comparing whole dietary patterns within a given population(17). Additionally, the vast
majority of the aforementioned studies were conducted in
Western populations, and little is known about the role of
diet in IMT in low-income and low-BMI countries.
In addition to analysing intakes of speciﬁc foods or
nutrients, evaluation of diet patterns may yield a more
comprehensive understanding of how this complex factor
affects the aetiology of disease(18). Compared with the
‘single nutrient’ approach, this method of analysis more
fully accounts for interactions between nutrients, as well as
interrelationships between dietary components that cause
difﬁculty in distinguishing individual food or nutrient
effects(19).
In the present study, we examined the association of
major food groups, as well as dietary patterns, with carotid
IMT in a rural Bangladeshi population.

Participants and methods
Study population
The parent study, Health Effects of Arsenic Longitudinal
Study (HEALS), is an ongoing population-based prospective
cohort study in Araihazar, Bangladesh(20). Brieﬂy, between
October 2000 and May 2002, 11 746 men and women
(‘original cohort’) were recruited from a well-deﬁned 25 km2
geographical area, under the criteria that all were married
(to reduce loss to follow-up), between 18 and 75 years old
and had resided in the study area for at least 5 years. From
2006 to 2008, HEALS was expanded to include an additional
8287 participants (‘expansion cohort’) following the same
methodologies. The overall response rate was 97 %. Study
participants underwent baseline clinical assessment and
structured interviews. Detailed explanations of data collection for such variables as height, weight, smoking status and
blood pressure have been published elsewhere(21–23).
Informed consent was obtained from study participants;
study procedures were approved by the Ethical Committee
of the Bangladesh Medical Research Council and the Institutional Review Boards of Columbia University and the
University of Chicago.
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Assessment of food intake
Trained interviewers administered a thirty-nine-item FFQ
during the baseline assessment. Details of this questionnaire and its validation are available elsewhere(24).
Brieﬂy, HEALS investigators worked with local nutrition
experts to identify all food items available at the village
market in the study area. This formed the basis for a
preliminary version of the FFQ to be developed through a
series of subsequent extensive discussions with ten focus
groups. After pilot testing among 120 local individuals who
were not part of the cohort study, trained interviewers
completed the FFQ with HEALS participants via in-person
interviews. For each food item on the FFQ, participants
were queried regarding the amount eaten per meal, as
well as the frequency of consumption per day, month
and year.
Analysis of 189 respondents randomly selected to
complete 7 d food diaries showed no major differences
when compared with data previously obtained in the FFQ
(correlation 0·30 to 0·76), including common food items,
macronutrients and many major micronutrients. This food
diary sampling was the largest number possible for the
present study, given the ﬁnancial and logistical constraints
of this more intensive form of dietary monitoring. The
US Department of Agriculture’s Nutrient Database for
Standard Reference (abbreviated version)(25) and an
Indian food nutrient database(26) were used to convert
food intakes to nutrient intake values. Although there is no
ideal measure of dietary intakes, food diaries are known to
be superior to FFQ and have previously been frequently
used to assess the validity of FFQ(27,28).
Dietary patterns
From our raw FFQ data, intakes of major food groups
were calculated by summing the average daily intake of
the relevant individual food items, as listed in Appendix
Table 1. Additionally, we have previously described our
delineation of three major dietary patterns among participants of in the original cohort(22). Brieﬂy, we performed
principal component analysis using the PROC FACTOR
procedure in the SAS statistical software package to
identify dietary patterns, with an orthogonal rotation (the
varimax option in SAS) and conventional criteria including
eigenvalue, the scree test, proportion of variance
accounted for and the interpretation criterion(29). To avoid
any arbitrary decisions on food group deﬁnitions, food
items were directly entered into the principal component
analysis as average daily intakes in grams or millilitres.
Each food item received a factor loading associated with
each diet pattern, and the factor loading represents the
correlation coefﬁcient between the food item and the diet
pattern. To indicate a participant’s relative standing on
each diet pattern in the population, a factor score, which is
a linear composite of the optimally weighted food items by
factor loadings, was constructed for each dietary pattern.
Each participant received a factor score for each identiﬁed
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diet pattern. The identiﬁcation of dietary patterns was
conducted separately for the original and expansion
cohort, as expansion cohort members were recruited later.
The dietary patterns were mostly similar between the two
populations (Appendix Table 2). Three major dietary
patterns were identiﬁed. The ‘balanced’ pattern was
comprised of steamed rice, red meat, ﬁsh, fruit and
vegetables. An ‘animal protein’ diet was more heavily
weighted towards eggs, milk, red meat, poultry, bread and
vegetables. The ‘gourd and root vegetable’ diet relied
heavily on a variety of gourds, radishes, pumpkin, sweet
potato and spinach.
We have previously evaluated the associations of these
diet patterns in relation to blood pressure at baseline(22),
as well as risk of skin lesions(30) and cardiovascular
mortality(31).
Assessment of carotid intima-media thickness
Carotid IMT was measured between April 2010 and
September 2011. Eight hundred participants were randomly selected for IMT measurement, from the 11 224
original cohort members who provided urine samples at
baseline, as part of a previous study on urinary arsenic and
IMT(32). An additional 700 participants were randomly
sampled for IMT measurement from the 5136 participants
older than 30 years of age in the expansion cohort, as the
expansion cohort was, on average, younger. In total,
carotid IMT was measured for 1151 individuals, consisting
of 575 from the original cohort and 576 from the expansion cohort. A total of 349 participants did not complete
IMT measurements due to deaths, move, serious illness or
time constraints. After two cases were removed due
to incomplete baseline data, the ﬁnal study population
consisted of 1149 participants.
Measurements of carotid IMT were conducted using a
SonoSite MicroMaxx ultrasound machine (SonoSite, Inc.,
Bothell, WA, USA) equipped with an L38e/10–5 MHz
transducer. All carotid imaging and IMT measurements
were performed by a single physician who was
trained and certiﬁed to perform carotid ultrasound measurements according to the speciﬁc ultrasound imaging
and reading protocols developed, implemented and validated in the Oral Infections and Vascular Disease Epidemiology Study (INVEST)(33). The carotid arteries were
scanned longitudinally in three carotid segments, using
the optimal angle and the lateral extent of each carotid
segment as deﬁned relative to the tip of the ﬂow divider,
which is normally the most clearly deﬁned anatomic
reference in the proximity of the carotid bifurcation.
IMT measurements were analysed ofﬂine with Matlab
(Mathworks, Natick, MA, USA), which automatically
calculated the distances between boundaries and expressed the results as the mean and maximal value. In accordance with the Manheim consensus, we used the mean
of the near and far walls of the maximum common
carotid artery IMT from both sides of the neck (mean of
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four measurements) as the main outcome variable, similar
to previous studies(34–36).
Assessment of covariates
All covariates were derived from the HEALS baseline
interview. Sociodemographic factors utilized in the current
analysis included age, sex, formal education (years), land
ownership (yes/no), television ownership (yes/no),
smoking (never, former or current), diabetes history and
religious afﬁliation (Muslim, Hindu, Christian, other). With
respect to tobacco, details of cigarettes and bidis (ﬁlterless
locally produced cigarettes) were asked together, including information on past or current use, duration of use, age
at start, number of sticks per day and age at quitting.
Trained study physicians measured height and weight
using a locally manufactured tape measure and a Misaki
(Okaka, Japan) scale (calibrated weekly), respectively.
Both height and weight were measured three times at
baseline and averaged(21). Trained clinicians measured
blood pressure with an automatic sphygmomanometer(22).
Measurements were taken with participants in a seated
position after 5 min of rest, with the cuff around the upper
left arm, in accordance with recommended guidelines.
BMI was calculated as [average weight (kg)]/[average
height (m)]2. While other data were collected at baseline,
we selected the aforementioned variables in particular as
they were deemed most relevant to cardiovascular risk
factor analysis. Data on physical activity, lipids and female
menopause status were not available.
Statistical analyses
Descriptive analyses were conducted ﬁrst to assess relationships of population characteristics and dietary intake
with carotid IMT. Signiﬁcance testing was conducted using
the χ2 test for categorical variables and ANOVA for continuous variables. Continuous variables included carotid
IMT, age, BMI, education, blood pressure and energy
intake. Sex, cigarette use, diabetes, food group intake and
dietary pattern adherence were assessed as categorical
variables. The primary analysis evaluated the relationship
between IMT and major food groups as well as dietary
patterns. For this, linear regression was used, with dietary
elements and patterns in quartiles as independent variables and common carotid IMT as the dependent variable.
Quartiles of food groups were formed with respect to the
combined cohort, as intake was recorded on an absolute
scale. Due to relatively low levels of red meat and poultry
consumption, all those with zero intake were grouped into
the reference (ﬁrst) quartile and individuals with non-zero
intakes were then divided into the remaining higher
quartiles. Because dietary patterns were derived separately in the original and expansion cohorts, cohortspeciﬁc quartiles for dietary patterns were used in the
analyses. In the ﬁrst model, we adjusted for age (years),
sex, daily energy intake and smoking status (ever/never).
Additional adjustment for educational attainment did not
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change results appreciably (data not shown). Subsequent
models adjusted for BMI, blood pressure and diabetes
mellitus (models 2 and 3). Physical activity metrics were
not available for integration into these ﬁnal models. IMT
differences associated with a 1 SD difference in food
groups and dietary pattern were computed for all models.
Sensitivity analyses were conducted after excluding thirtyﬁve participants with history (prior to date of IMT) of CHD
or stroke to minimize the potential for reverse causality
(i.e. dietary changes resulted from life-changing atherosclerotic cardiovascular events). All analysis was conducted using the statistical software package IBM SPSS
Statistics version 20.

Results
Table 1 shows the distribution of dietary intakes and
study population characteristics by carotid IMT quartile.
Participants with a greater IMT measurement were more
likely to be older (P < 0·01). A positive correlation was
seen between BMI and IMT (P = 0·05). It is noteworthy
that this population displayed a relatively low BMI, with
a group mean of 19·95 kg/m2 at baseline; diabetes
differed signiﬁcantly by quartile (P < 0·01), with baseline

prevalence in the highest quartile equal to 4·1 % (compared with 1·0 % in the lowest quartile). The only food
group or dietary pattern to achieve signiﬁcance in
descriptive analysis was the animal protein diet, as the
percentage above the median intake of that pattern
increased steadily from the ﬁrst to fourth quartile (42·9 %
to 61·5 %, respectively).
The animal protein diet was positively associated with a
variety of markers of socio-economic status, as shown in
Table 2. These included educational attainment (P < 0·01),
television ownership (P < 0·01), land ownership (P < 0·01)
and BMI (P < 0·01). The gourd/root vegetable pattern was
inversely related to both smoking (P < 0·01) and male sex
(P < 0·01).
There was a signiﬁcant difference (P < 0·01) in carotid
IMT between men (mean IMT 822·06 μm) and women
(769·36 μm; Appendix Table 3). As expected, blood pressure showed a strong positive correlation with IMT
(P < 0·01). Although the population was relatively lean,
BMI positively correlated with IMT as well (P < 0·01).
The balanced diet was associated with lower IMT in the
fully adjusted model, with each 1 SD increase in balanced
diet adherence associated with a 4·95 (95 % CI −9·78, −0·11)
μm decrease in IMT (P = 0·045; Table 3). In model 1,
each 1 SD increase in adherence to the animal protein diet

Table 1 Distribution of dietary intakes and baseline population characteristics by carotid IMT quartile; Health Effects of Arsenic Longitudinal
Study, rural Bangladesh
Quartile 1

Quartile 2

Quartile 3

Quartile 4

Overall (557·5–717·4 μm, (717·5–769·9 μm, (770·0–839·9 μm, (840·0–1242·5 μm,
(n 1149)
n 289)
n 291)*
n 278)
n 291)†
Variables at the time of IMT assessment
Carotid IMT (μm)
789·4
Age at IMT measurement (years)
45·5
Baseline characteristics
Men (%)
38·0
20·0
BMI (kg/m2)
Past or current cigarette use (%)
34·5
Educational attainment (years)
3·0
History of diabetes (%)
1·8
Systolic blood pressure (mmHg)
117·6
Diastolic blood pressure (mmHg)
75·7
Total energy intake (MJ/d)
10·35
Total energy intake (kcal/d)
2473·6
Baseline food intake or pattern adherence
Red meat intake (% above median)
14·2
Poultry intake (% above median)
5·0
Fish intake (% above median)
47·3
Fruit intake (% above median)
50·0
Vegetable intake (% above median)
50·0
Balanced diet adherence (% above
50·0
median)
Animal protein diet adherence
50·0
(% above median)
Gourd/root vegetable diet adherence
50·0
(% above median)

P‡

682·8
39·7

745·0
43·6

802·0
46·7

927·7
52·0

<0·01

22·1
19·5
17·6
3·2
1·0
112·5
73·8
10·11
2416·8

36·4
20·1
30·2
2·9
0·3
115·1
74·0
10·48
2505·6

37·4
20·1
35·3
3·2
1·8
118·5
76·3
10·54
2518·5

56·0
20·1
54·6
2·8
4·1
124·4
78·5
10·27
2454·9

<0·01
0·05
<0·01
0·56
<0·01
<0·01
<0·01
0·29
0·29

14·5
3·8
44·3
45·3
48·1
46·7

13·4
6·9
50·9
50·9
48·1
54·6

11·5
4·0
46·4
53·2
55·4
52·5

17·2
5·5
47·4
50·5
48·5
46·0

0·27
0·29
0·45
0·28
0·23
0·10

42·9

46·4

48·9

61·5

<0·01

46·0

50·5

52·5

50·9

0·45

IMT, intima-media thickness.
*Blood pressure measurements were not valid for two study participants.
†Blood pressure measurements were not valid for one study participant.
‡The χ2 test was used for categorical variables and ANOVA for continuous variables.

Q, quartile; IMT, intima-media thickness.
*Trend tests were performed by using linear regression that included energy-adjusted factor scores as the dependent variable and age, length of education, BMI, sex, smoking status, marital status, religion, television
ownership or land ownership as the independent variable.

0·49
0·45
0·84
<0·01
<0·01
0·90
<0·01
0·11
0·07
46·10
3·12
20·07
46·0
41·1
97·2
97·2
46·3
46·3
44·13
1·74
19·11
22·6
28·6
94·1
98·6
28·2
35·5
Age at IMT measurement (years)
Education (years)
BMI (kg/m2)
Sex (male, %)
Smoking status (ever smokers, %)
Marital status (married, %)
Religion (Muslim, %)
Television ownership (%)
Land ownership >1 acre (0·40 ha) (%)

45·84
2·43
19·43
36·9
40·4
94·1
95·5
41·1
42·2

46·15
3·72
20·47
48·1
39·4
98·3
95·5
48·4
56·8

0·15
0·00
0·05
0·23
0·73
0·10
0·61
0·45
0·02

47·39
4·60
20·89
63·1
51·6
99·0
91·6
62·7
59·2

<0·01
<0·01
<0·01
<0·01
<0·01
0·03
<0·01
<0·01
<0·01

45·63
2·82
20·07
33·4
31·4
97·6
91·3
41·8
54·7

P for trend
Q4
Q1
P for trend
Q4
Q1
P for trend*
Q4
Q1

Quartile of factor scores for the balanced
pattern

Quartile of factor scores for the animal protein
pattern

Quartile of factor scores for the gourd/root vegetable
pattern
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Table 2 Sociodemographic characteristics by quartile of dietary factor scores; Health Effects of Arsenic Longitudinal Study, rural Bangladesh
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was associated with an increase of 7·70 (95 % CI 2·45,
12·95) μm in IMT. This association, however, did not
persist in the fully adjusted model (P = 0·45). In all models,
the gourd/root vegetable diet was strongly associated with
increased IMT. Compared with participants in the bottom
quartile of the gourd/root vegetable diet, IMT in participants in the second, third and fourth quartile was higher
by 4·41 (95 % CI −8·95, 17·77) μm, 14·77 (95 % CI 1·33,
28·22) μm and 17·66 (95 % CI 3·97, 31·35) μm, respectively
(model 3). IMT increase per 1 SD equalled 7·74 (95 % CI
2·86, 12·62) μm in the fully adjusted model (P < 0·01).
Sensitivity analyses excluding those with a history of CHD
or stroke yielded very similar results (data not shown). It is
noteworthy that, in contrast to the relationships observed
in dietary pattern analysis, our data did not suggest that
intakes of individual food groups were signiﬁcantly related
to IMT in this study population.
Shown in Table 4 are the Spearman correlation coefﬁcients between nutrient intakes and factor scores for
dietary patterns, which signify adherence to each respective diet. Among all of the patterns, the balanced diet
was more positively correlated with K, ﬁbre, folate and
vitamin B6; conversely, it was least correlated with polyunsaturated fat. The animal protein diet was highest in
association with protein, Na, total fat, vitamin B12,
polyunsaturated fat, saturated fat, monounsaturated fat
and riboﬂavin, while correlating least with carbohydrate,
ﬁbre, folate and Mg. The gourd/root vegetable pattern was
related to higher intake of carbohydrate and Mg; of the
diets, it was least associated with protein, K, Na, total fat,
vitamin B6, vitamin B12, saturated fat, monounsaturated fat
and riboﬂavin.

Discussion
Our data support a positive association of a gourd/root
vegetable diet and IMT level (7·74 μm increase in model 3;
P < 0·01). Additionally, adherence to the balanced diet was
associated with lower IMT (4·95 μm decrease in model 3;
P = 0·045). Although single food groups were also measured in the study (meat, poultry, ﬁsh, fruit, vegetables),
none displayed a statistically signiﬁcant relationship with
IMT. Given the high prevalence of CVD and considering
that prior studies have shown clinically relevant differences in morbidity and mortality corresponding to IMT
increases of 8 to 40 μm (albeit in studies of varying design
types)(37–40), the associations observed here could translate to substantial alterations in disease burden.
Many studies have provided evidence of certain foods
or nutrients either enhancing or mitigating CVD risk(41);
however, individuals do not consume these dietary components in isolation. Dietary pattern analysis, although
reliant on unique characteristics of food consumption in a
given population that may limit generalizability of subsequent ﬁndings, can yield valuable information that may

95 % CI

1·12
2·68
4·41

6·52
2·84
0·13

−1·31
−2·13
−0·48

4·05
2·67
5·25

−8·21
−10·37
−10·25

14·48
11·85
8·41

21·07
14·10
18·53

−15·75
−19·92
−17·42

β

288

288

288

288

288

313

55

104

Q2

−12·84, 15·08
−11·05, 16·42
−8·95, 17·77

−7·59, 20·63
−11·15, 16·82
−13·47, 13·74

−15·38, 12·76
−15·96, 11·71
−13·95, 13·00

−9·99, 18·09
−11·16, 16·50
−8·21, 18·72

−22·19, 5·77
−24·13, 3·93
−23·63, 3·13

0·85, 28·10
−1·58, 25·28
−4·67, 21·49

−2·14, 44·29
−8·89, 37·09
−3·82, 40·86

−33·15, 1·65
−37·09, −2·76
−34·21, −0·63

95 % CI

13·06
15·67
14·77

5·30
−0·85
−7·38

−12·17
−14·12
−13·12

10·31
8·86
13·13

−4·65
−9·74
−9·44

13·36
7·91
7·46

8·54
0·84
−4·96

−2·53
−7·57
−3·14

β

287

287

287

287

287

255

66

78

Q3

−0·96, 27·08
1·86, 29·49
1·33, 28·22

−8·94, 19·54
−15·06, 13·37
−21·26, 6·51

−26·31, 1·97
−28·03, −0·21
−26·64, 0·41

−3·90, 21·52
−5·14, 22·85
−0·49, 26·76

−18·81, 9·50
−23·75, 4·27
−23·08, 4·20

−1·02, 27·74
−6·34, 22·16
−6·42, 21·33

−12·74, 29·82
−20·28, 21·97
−25·52, 15·61

−22·42, 17·35
−27·19, 12·05
−22·25, 15·97

95 % CI

15·50
17·33
17·66

20·06
8·15
3·29

−12·32
−16·77
−15·53

2·39
1·05
5·10

−6·08
−12·16
−11·03

2·03
−6·04
−5·73

7·74
0·19
3·97

8·51
2·43
6·61

β

287

287

287

287

287

288

56

85

Q4

1·21, 29·79
3·26, 31·39
3·97, 31·35

5·25, 34·88
−7·05, 23·34
−11·53, 18·10

−26·69, 2·05
−30·96, −2·58
−29·33, −1·73

−11·92, 16·69
−13·04, 15·14
−8·63, 18·84

−20·38, 8·22
−26·35, 2·02
−24·81, 2·75

−12·05, 16·11
−20·12, 8·04
−19·44, 7·98

−15·29, 30·77
−22·64, 23·02
−18·20, 26·15

−10·61, 27·63
−16·47, 21·33
−11·78, 25·00

95 % CI

IMT, intima-media thickness; Q, quartile.
*P values were estimated from linear regression with dietary variables as continuous variables.
†Model 1 adjusted for age (years), sex, daily energy intake and smoking status (ever/never).
‡Model 2 adjusted for age (years), sex, daily energy intake, smoking status (ever/never) and BMI.
§Model 3 adjusted for age (years), sex, daily energy intake, smoking status (ever/never), BMI, systolic blood pressure and current diabetes diagnosis (yes/no).

Food items
Meats
n
882
Model 1†
Reference
Model 2‡
Reference
Model 3§
Reference
Poultry
n
972
Model 1
Reference
Model 2
Reference
Model 3
Reference
Fish
n
293
Model 1
Reference
Model 2
Reference
Model 3
Reference
Fruit
n
287
Model 1
Reference
Model 2
Reference
Model 3
Reference
Vegetables
n
287
Model 1
Reference
Model 2
Reference
Model 3
Reference
Dietary patterns
Balanced diet
n
287
Model 1
Reference
Model 2
Reference
Model 3
Reference
Animal protein diet
n
287
Model 1
Reference
Model 2
Reference
Model 3
Reference
Gourd/root vegetable diet
n
287
Model 1
Reference
Model 2
Reference
Model 3
Reference

β

Q1

Effect estimate by quartile of food item intake or diet pattern adherence

7·56
7·89
7·74

7·70
3·75
2·03

−3·92
−4·88
−4·95

2·43
1·78
2·93

−0·61
−1·89
−1·19

0·90
−1·56
−0·96

1·70
−0·73
−0·36

−0·17
−2·20
−0·72

β

1149

1149

1149

1149

1149

1149

1149

1149

2·48, 12·65
2·89, 12·89
2·86, 12·62

2·45, 12·95
−1·61, 9·11
−3·20, 7·26

−8·97, 1·13
−9·86, 0·10
−9·78, −0·11

−2·65, 7·50
−3·22, 6·78
−1·95, 7·79

−5·63, 4·41
−6·85, 3·06
−6·01, 3·64

−4·10, 5·90
−6·54, 3·42
−5·81, 3·90

−3·25, 6·65
−5·67, 4·20
−5·15, 4·43

−5·16, 4·82
−7·15, 2·75
−5·54, 4·11

95 % CI

P*

<0·01
<0·01
<0·01

<0·01
0·17
0·45

0·13
0·06
0·045

0·35
0·49
0·24

0·81
0·45
0·63

0·73
0·54
0·70

0·50
0·77
0·88

0·95
0·38
0·77

Effect estimate per 1 SD increase in
food intake or diet adherence

Table 3 Difference in carotid IMT (μm) according to quartiles of dietary component intake or dietary pattern adherence, as well as by 1 SD increase for each component and pattern recorded in
the study population; Health Effects of Arsenic Longitudinal Study, rural Bangladesh
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Table 4 Spearman correlations between factor scores for dietary
patterns and daily nutrient intakes; Health Effects of Arsenic
Longitudinal Study, rural Bangladesh
Factor scores
Average daily intake
adjusted for total energy
intake

Balanced
pattern

Animal
protein
pattern

Gourd/root
vegetable
pattern

Protein (g)
Carbohydrate (g)
K (mg)
Na (mg)
Total fat (g)
Fibre (g)
Folate (g)
Vitamin B6 (mg)
Vitamin B12 (mg)
Polyunsaturated fat (g)
Saturated fat (g)
Monounsaturated fat (g)
Riboflavin (mg)
Mg (mg)

0·36
− 0·21
0·63
0·16
0·21
0·42
0·59
0·63
0·34
− 0·16
0·19
0·10
0·51
− 0·12

0·52
− 0·52
0·39
0·58
0·61
0·17
0·30
0·13
0·47
0·62
0·61
0·54
0·64
− 0·51

0·05
0·05
0·28
0·15
− 0·06
0·32
0·31
0·09
− 0·02
− 0·01
− 0·06
− 0·10
0·16
0·20

have otherwise been clouded in studies of single foods or
nutrients. Indeed this was the case in the present study, as
individual food groups did not alone convey any signiﬁcant impact on IMT. Previous research on diet patterns
and IMT, however, is limited, with one prior study ﬁnding
no association for any diets identiﬁed in a middle-aged
French population(42) and another ﬁnding signiﬁcance
only among men (but not women) in comparing ‘traditional’ and ‘health-conscious’ diets among a population of
Finns below the age of 40 years(17).
Atherosclerosis is an inﬂammatory phenomenon that is
an important pathological process in the development of
ischaemic CVD(43). It has been hypothesized that certain
diet choices can lead to a chronic inﬂammatory state,
predisposing to atherosclerosis and increasing subsequent
risk of cardiovascular morbidity and mortality(44). Our
ﬁndings regarding the balanced diet in this population are
largely consistent with existing nutrition literature on
atherosclerotic development, as ‘cardioprotective’ diets
have been described as being high in vegetables, nuts and
monounsaturated fats(44–46), while ‘harmful’ factors
include trans-fatty acids, foods with a high glycaemic
index, processed meats, reﬁned grains and high-fat
foods(45,47). This is illustrated in Table 4 where the
balanced pattern corresponds with a lower intake of both
saturated fat and total fat, as well as in Appendix Table 1,
where the balanced pattern is shown to de-emphasize
animal protein and integrate a wider variety of vegetables
when compared with the animal protein pattern.
The ﬁndings presented here are consistent with some
aspects our previously published data on risk of cardiovascular mortality associated with these same three dietary
patterns in the parent HEALS study population(31). For
example, we found borderline signiﬁcantly reduced risk of
CVD and heart disease associated with the balanced diet

pattern (hazard ratio = 0·86; 95 % CI 0·73, 1·01) that was
associated with decreased IMT in the present study
(P = 0·045). Likewise, although the observed positive
association between the animal protein diet and IMT was
not statistically signiﬁcant, the data were consistent with
our previous analyses that reported an increased risk of
mortality found for the animal protein diet (hazard
ratio = 1·13; 95 % CI 1·00, 1·28). The gourd/root vegetable
diet, although associated with higher IMT here (P < 0·01),
was not related to risk of mortality in our prior analysis
(hazard ratio = 1·03; 95 % CI 0·89, 1·18). It is possible that
the lack of agreement between ﬁndings of the present
study and some of the mortality results may be due to the
fact that we focus on a single preclinical indicator of
atherosclerosis and, therefore, may not capture the full
complement of multifactorial, complex pathological processes that underlie the association of diet with cardiovascular morbidity and mortality.
The observation that a gourd and root vegetable diet in
our population is related to higher levels of IMT contradicts
what has been found in some recent studies of food patterns(10,11,48). For example, a recent series of studies comparing vegetarian and omnivore diets in Chinese men
associated a vegetarian diet with decreased IMT(10,11). It is
crucial to note, however, that speciﬁc nutritional deﬁciencies
may be present in certain types of vegetable-based diets and
can predispose adherents to adverse health outcomes,
especially in a lean population(49,50). In particular, such diets
may be lacking in certain n-3 fatty acids (namely EPA and
DHA)(50) and vitamin B12(51,52), which is obtained solely
through consumption of animal products(53). As a result, the
nutrient deﬁciencies in such diets may negate the coinciding
decreased fat intake that otherwise would have conveyed
cardiovascular beneﬁts. B12 insufﬁciency has been shown
to be most widespread in developing countries(51,54),
with South Asian populations considered to be at uniquely
high risk(55). Consistently, we have reported a high prevalence of hyperhomocysteinaemia in our study population(56). It should lastly be considered that the gourd/root
vegetable diet was most highly associated with carbohydrate
intake, which may increase atherosclerosis when such foods
take the place of unsaturated fats(57).
Study limitations and strengths
To our knowledge, the present study is the ﬁrst of dietary
patterns and IMT in a low-income country. Strengths of our
study include its large, population-based sample size as well
as use of a validated FFQ and standardized IMT protocols.
Additionally, religious motivations lead to restricted alcohol
consumption in Bangladesh and remove a potential
confounder, as does the fact that a particularly small segment of the study population reported use of any prescription drugs at baseline. Excluding contraceptives, the
most common prescriptions were ulcer/gastro-oesophageal
reﬂux medications (4·31 % of participants), antibiotics
(1·43 %) and beta blockers (0·81 %)(58). Limitations include
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the cross-sectional study design, with a time gap between
FFQ administration (during baseline enrolment periods:
2000–2002 or 2006–2008) and IMT measurement
(2010–2011). Although the absence of IMT measurement at
recruitment makes it impossible to ﬁrmly establish a temporal relationship, atherosclerosis is a chronic disease that is
likely to develop over a long period of time as a result of
past and persistent exposure. Our FFQ was validated to
measure long-term usual levels of common foods and
nutrients(24); as such, further adjustment of our primary
outcome models for recruitment period did not affect the
signiﬁcance of association in either the gourd/root vegetable
or balanced diet (P < 0·01). An additional limitation is that
although diet patterns can be argued to be a more effective,
realistic method of assessing food consumption, their
determination still involves some subjectivity. The ﬁndings
presented here are also limited by our lack of data on
physical activity and lipids, known determinants of CVD.
We, likewise, have no data regarding the menopause status
of female participants. Lastly, certain characteristics of the
study population also limit generalizability, as the population possessed a mean age of 39 years at enrolment (range
17–65 years) and a mean BMI of 19·95 kg/m2 (range 11·70–
35·58 kg/m2).
Conclusions
In conclusion, we found a gourd/root vegetable diet to
correlate with increased carotid IMT, while a balanced diet
was associated with a decrease in IMT. These ﬁndings
underscore the utility of whole dietary pattern analysis in
identifying nutrient deﬁciencies associated with
population-speciﬁc diets, and could be useful in determining the most effective strategies for chronic disease
prevention in this and similar populations.
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Appendix Table 1 Composition of food groups
Meats
Tea
Large fish (freshwater)
Poultry (fowl)
Eggs (hen eggs)
Milk
Puffed rice
Wheat bread (brown)
Beef or mutton
Bitter gourd*
Banana
Jack fruit
Watermelon
Mango
Steamed rice
Guava
Potato
Small fish (freshwater)
Tomato
Bottle gourd*
Beans (scarlet runner)
Eggplant
Parwar or patol*
Green papaya
Cabbage
Okra
Yam
Spinach
Cauliflower
Sweet potato
Dried fish
Water rice
Ridge gourd or jhinga*
Snake gourd or chachinga*
Ghosala or dhundal*
Radish
Spinach stalks
Pumpkin
Salted fish
*A kind of squash.

Poultry

✓

Fish

Vegetables

Fruits

✓

✓

✓

✓

✓

✓

✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓

✓
✓
✓
✓
✓
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Appendix Table 2 Factor loading matrix for dietary patterns derived from principal component analysis*
Original cohort
Food item
Tea
Large fish (freshwater)
Poultry (fowl)
Lentil
Eggs (hen eggs)
Milk
Puffed rice
Wheat bread (brown)
Beef or mutton
Bitter gourd†
Banana
Jack fruit
Watermelon
Mango
Steamed rice
Guava
Potato
Small fish (freshwater)
Tomato
Bottle gourd†
Beans (scarlet runner)
Eggplant
Parwar or patol†
Green papaya
Cabbage
Okra
Yam
Spinach
Cauliflower
Sweet potato
Dried fish
Water rice
Ridge gourd or jhinga†
Snake gourd or chachinga†
Ghosala or dhundal†
Radish
Spinach stalks
Pumpkin
Salted fish

Balanced
pattern

− 0·17
0·21
0·42
0·16
0·30
0·20
0·39
0·25
0·27
0·22
0·39
0·70
0·46
0·62
0·33
0·22
0·22
0·51
0·29
0·31
0·24
0·64

Animal protein
pattern
0·48
0·44
0·47
0·37
0·49
0·49
0·22
0·49
0·45
0·18
0·47
0·22
0·29
0·23
− 0·31

0·17

Expansion cohort
Gourd/root
vegetable pattern

Balanced
pattern

0·27
0·24
0·30

Animal protein
pattern
0·55
0·42
0·50
0·41
0·44
0·43

Gourd/root
vegetable pattern

0·16

0·54
0·40
0·28

0·16
0·37
0·35
0·25
0·37
0·26
0·26
0·17
0·29
0·22
0·17
0·53
0·57
0·51
0·48
0·48
0·39

0·44
0·50
0·37
0·39
0·41
0·36
0·44
0·26
0·36
0·35
0·30
0·27
0·44
0·27
0·21

0·21
0·19
0·22
0·21
− 0·16

0·36

0·32
0·38
0·42
0·27
0·17
0·55
0·37
0·55

0·25
0·47
0·25

0·32
0·24

0·16
− 0·27
− 0·28
− 0·33

0·59
0·16
0·44
0·55
0·40
0·66
0·49
0·24

*Factor loadings represent the correlation between factor scores and intakes of food items. Positive factor loadings ≤0·15 and negative factor loadings ≥ − 0·15
were omitted from the table for simplicity. Factor loadings presented are those that resulted from orthogonal rotation.
†A kind of squash.
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Appendix Table 3 Mean carotid IMT based on baseline characteristics of the study population; Health Effects of
Arsenic Longitudinal Study, rural Bangladesh

Sex
Men
Women
Age at IMT measurement (years)
<35
35–49
≥50
Education (years)
<5
5–9
≥10
Smoking
Never
Past or current
Blood pressure (mmHg)‡
<120
120–139
≥140
BMI (kg/m2)
<18
18–20
≥21

n

Mean carotid IMT (μm)

437
712

822·1
769·4

167
634
348

732·0
768·9
854·2

742
306
101

790·2
782·7
804·1

753
396

768·3
829·6

673
371
102

768·7
805·8
866·2

366
413
370

786·1
781·6
801·4

P*

Adjusted P†

<0·01

<0·01

<0·01

<0·01

0·66

0·02

<0·01

0·22

<0·01

<0·01

0·01

<0·01

IMT, intima-media thickness.
*Unadjusted linear regression models with carotid IMT as dependent variable.
†Linear regression models with carotid IMT as dependent variable; adjusted for all other variables in the table.
‡Systolic blood pressure; blood pressure measurements were not valid for three study participants.

