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Determinants of fruit and vegetable consumption
in Malaysia: an ordinal system approach*

Steven T. Yen, Andrew K.G. Tan and Rodolfo M. Nayga Jr'

We examine the socio-demographic determinants of fruit and vegetable consumption
using household survey data from Malaysia. A bivariate ordered probability model is
developed by the copula approach. Results for a system of fruit and vegetable servings
per week indicate that education, age, ethnicity, income, location of residence, smok-
ing status and health conditions are significant predictors of fruit and vegetable con-
sumption in Malaysia. Policy implications are suggested.
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1. Introduction

A good diet is key to good health. The World Health Organization (WHO)
estimated that low consumption of fruits and vegetables (FV) causes 19 per
cent of gastrointestinal cancers, 31 per cent of ischaemic heart diseases and 11
per cent of strokes globally in 2002. Low FV intake is among the top-10 risk
factors of global mortality, and up to 2.7 million lives could potentially be
saved annually, given sufficient FV consumption (WHO 2003). Despite these
health benefits, world statistics reflect under-consumption of FV in many
parts of the world, developed and developing alike. This phenomenon can be
attributed to existing economic, cultural and agricultural conditions in the
respective countries (WHO 2003).

In Malaysia, statistics from the Food and Agriculture Organization
(FAO) indicate that between 1980 and 2003, average consumption was
about 150 g of fruits and 78 g of vegetables per capita per day (FAOSTAT
2009). However, the combined FV consumption of 228 g per day was far
below the 400 g (or five servings) recommended by the WHO for the preven-
tion of chronic diseases such as heart diseases, cancer, diabetes and obesity
(WHO 2003).
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Considering the importance of FV to health, it is important to know the
socio-demographic determinants of FV consumption and the profile of peo-
ple with insufficient intake. Studies have investigated this issue in western
countries (Cox and Wohlgenant 1986; Huang and Lin 2000; Blisard et al.
2004; Stewart et al. 2004; Lin et al. 2010). However, the socio-demographic
determinants of FV consumption in Malaysia have not been investigated.
This study attempts to fill this void. Knowledge of the roles of socio-demo-
graphic characteristics in FV demand is important to policy makers interested
in the nutritional well-being of the population and to FV marketers interested
in identifying their target market. This study contributes to the empirical lit-
erature in three ways. First, to accommodate the discrete data feature and
correlations among unobserved factors, we develop a bivariate ordered
probability model using the copula approach. Second, we include several
health-related variables, such as being diagnosed with hypercholesterolemia,
hypertension, diabetes and smoking status, in a novel attempt to examine
their effects on FV consumption patterns. Third, we focus on a developing
country, Malaysia, for which few demand studies existed.

2. Insights from the literature

The relationship between FV consumption and health as well as socio-demo-
graphic factors has received widespread attention. Stewart et al. (2004) and
Casagrande et al. (2007) found that Caucasians, African-Americans and non-
Hispanics differ in their FV consumption and dietary patterns. Because eth-
nicity is found to play a role in FV consumption, the unique racial composi-
tion in Malaysia, consisting of Malay, Chinese, Indian, and a proportion of
other races, allows a novel examination of ethnic factors in FV consumption
decision making.

Huang and Lin (2000) and Stewart et al. (2004) found that college-edu-
cated individuals allocate more of their food budgets to FV than those with-
out tertiary education. Blisard et al. (2004) reasoned that those who have
invested time and effort in obtaining college education value the future more
highly than those without tertiary education. Better educated individuals also
view healthy diets as an avenue to achieve future economic and social goals.
In contrast, individuals less certain about their future place more emphasis
on the present and therefore are less concerned about the effect of current diet
on future well-being.

Cox and Wohlgenant (1986) found age to be an important factor in FV
consumption. Casagrande et al. (2007) and Krebs-Smith and Kantor (2001)
found under-consumption of FV amongst low-income consumers. Blisard
et al. (2004) and Stewart et al. (2004) highlighted the positive effect of income
on vegetable purchases, suggesting that low-income households spend signifi-
cantly less on FV than high-income households.

The effect of gender on FV consumption patterns is mixed. Cox and
Wohlgenant (1986) concluded that men and women have a similar pattern in
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fresh vegetable consumption, but Bleich et al. (2007) found that the odds of
women tracking their FV intake were 50 per cent higher than men. Lin and
Huang (2008) showed that young singles purchased industrially processed
vegetables less frequently, while married households were more likely than
singles to buy organic fresh fruits.

3. Methodology

As the WHO-recommended consumption levels are five servings of either
fruits or vegetables and FV are presumably substitutable, it is important from
a policy perspective to estimate the FV equations jointly. Further, levels of
FV consumption are measured in servings per week in our data. To accom-
modate the discrete nature of and correlation between these variables, we
develop a bivariate ordered probability model. In what follows, observation
subscripts are suppressed for brevity.

3.1. Empirical specification

To motivate the econometric specification, assume separability of FV from
all other goods and consider an individual with personal characteristics ¢ (a
vector) facing a choice set ¢ = [q1, ¢’ (containing FV) with prices
p = [p1, po]’. The individual maximises her utility subject to a fixed FV bud-
get m:

max {U(g, )| p'g = m}. (1)

Assuming the utility function U(g, ¢) is continuous, increasing, and quasi-
concave in ¢, optimal levels of quantities can be expressed as a function of
prices, budget and personal characteristics, viz., ¢ = f(p, m, ¢). With a single
cross section, prices are not available so regional variables are used as prox-
ies. Income category variables are also used in lieu of FV budget (discussed
below). Then, using a vector x to represent explanatory variables, a linear
function with conformable parameter vector f3; to (first-order) approximate
each deterministic demand function, and a random error u; to capture the
unobservable, the demand functions are expressed as

q,-:x/ﬂi—i—u,-,i:l,Z (2)

3.2. A bivariate ordered probability model

Because FV servings are observed as counts and re-coded into ordinal vari-
ables, the use of a bivariate ordered probability model is appropriate. The
approach is to begin with a univariate ordinal probability model for each
equation and then link the two probabilities with a copula. Consider two
ordered probability models for dependent variables ¢; and ¢,
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q1 :jif,ujgxlﬁl+u1<:uj+l7j207'"7‘] (3)
q2:hif§h<x/ﬂ2+u2§€h+1, h=0,...H (4)
where the u’s and &’s are threshold parameters, such that p, = —oo, g

= 0, My = OO, 50 = —oo, 61 = 0, éh+1 = oo, and Hos ooy Uy and 52, cens éh
are estimable. The error terms u; and u, are bivariate distributed, not neces-
sarily normal as specified in existing literature, with zero means, unitary vari-
ances, and a correlation structure specified below. The likelihood
contribution for a sample observation is

L-1]

j=0h

Hq1=/,q2=h)
{Pr(q1 =j,q2 =h)} (5)

::]m

Il
o

where 1(e) is a dichotomous indicator function. Relative to existing single-
equation ordered probability models, the bivariate system in Equations (3)
and (4) allows dependent errors and yields more efficient estimates. Apart
from the generalised error distribution described in the following paragraphs,
the system is identical to the bivariate Gaussian ordered probit model (Cal-
houn 1989; Butler and Chatterjee 1997; Greene 2008, pp. 835-837), which
includes the bivariate probit model (Greene 2008, pp. 817-822) as a special
case. Because distributional assumptions are important in discrete response
modelling (Horowitz 1993, p. 70), we extend this existing model to one with
non-Gaussian error distributions.

Define the bivariate cumulative distribution function (CDF) F(tq, 15) =
Pr (t; £ 11, 1, £ 175) with marginal CDFs Fi(t;) = Pr (t; < 11) and Fx(1p) =
Pr (#; £ 1,). Then, the component probabilities in Equation (5) are

i1 —X ﬁ1 &1 —X ﬁz
Pr(q1 =j,q2 = h) / / Sluy, up) duryduy
Hi—x "B =B,

= F(:“j+l — X'y, Chp1 — X ﬁz) - F(Hj+1 —X'py, & — X’ﬁz) (6)
— F(p; = X'By, &y — X'Ba) + F(p; — X'By, & — X'Bo)
j=0,...,J, h=0,...H
Each bivariate CDF on the right-hand side of Equation (6) is specified as a
general CDF using the copula approach. The procedure involves specifying

two marginal CDFs and linking these ‘“‘marginals” with a copula function.
For example, express

Fi = Fi(p — X'By)s Fa=Fa(&nr — X'Bo). (7)

Then, the first bivariate CDF on the right-hand side of (6) can be expressed
as
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F(Hj+1 — X'y, & — X'Ba) = ClFy (Mj+1 —X'B1), P21 — X'Br); 0] (8)

where C is a copula function and 6 is a concordance parameter which is a
measure of association between the two random variables implied. Details on
specific copulas used in this study (Gaussian, Frank, and Clayton copulas)
are presented in the Appendix; also see Nelsen (2006).

Most copulas, except the Gaussian copula, admit skewness in the random
errors even with symmetric marginals. Additional skewness can be accommo-
dated by using skewed marginals. We consider two forms of marginals for F;
and F,. The first is the benchmark Gaussian CDF which corresponds to a
symmetric probability density function, and the other is the generalised log-
Burr CDF for standardised random variable u; (Burr 1942):

Fiuzr) =1— (14 k") " —co<u;<o0, i=1,2 (9)

Including the logistic (x; = 1) and type-1 extreme-value (x; — 0) distribu-
tions as special cases (Johnson et al. 1995, pp. 2-14, 116), the generalised log-
Burr distribution can deliver very different probabilities even with a moderate
range of skewness.

To demonstrate the copula approach in the present context, for a model
with Gaussian copula (see Appendix) and generalised log-Burr marginals
(henceforth, Gaussian—Burr model), the preferred specification in this study,
the first probability on the right-hand side of Equation (6) is obtained by
substituting Fi(uq; 1) and F>(u»; x,) from Equation (9) into Equation (8),
with a specific form in Equation (A.2):

Fuiy — X' Py, Epar — X o1, 52)
= Oof @' [1 — (1 + sy exp(py — X'By) /", (10)
O [1 = (1 + ko exp(&r — X)) 0}
where @7'() is the inverse of the univariate standard normal CDF and 6 is
Pearson’s correlation coefficient between random variables u; and u,. The
remaining probabilities in Equation (6) are similar with different threshold
parameters p’s and ¢£’s.

We calculated the marginal effects of positive and maximum numbers of
servings for fruits and vegetables, respectively:'

Pr(q1>0) =1 = Fi(0 —x'By;,1); Pr(qi =J) = 1= Fi(u; — X' py;:1) (11)
Pr(g:>0) =1 — F5(0 — X'fy;12); Pr(qy = H) = 1 — (& — X fyik2). (12)

as well as the means of the two dependent variables,

' Tt is possible to examine the marginal effects on all category probabilities but, owing to
space consideration, we focus on the two extreme categories.
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J
E(q)) =) Pr(qn =j) My (13)
j=0
H —
E(q2) = Pr(qa = h) M, (14)
h=0

where M; (j = 1,...,J) are the category means of ¢q;, My, (h = 1,..., H) are
the category means of ¢,, and the marginal probabilities Pr (¢; = j) and
Pr (¢o = h) follow from the joint probability in Equation (6). Marginal
effects of explanatory variables are derived by differentiating Equations

(11)-(14).

4. Data and variable definitions

4.1. The survey

Data for this study were obtained from the Malaysia Non-Communicable
Disease Surveillance-1 (MyNCDS-1) collected by the Ministry of Health
Malaysia (2006). The cross-sectional population-based survey covered
the fourteen states in Malaysia. Data were collected from September 2005 to
February 2006 according to a two-stage stratified random sampling proce-
dure to ensure that the sample is representative of the Malaysian population.
During the survey, field survey teams described the survey to household mem-
bers to gather socio-demographic information, own medical history, family
medical history and lifestyle behaviours. Inclusion criteria are those between
25 and 64 years of age and across all ethnic groups of both genders. From an
initial sample of 3040, 2572 (84.6 per cent) respondents were retained in the
survey. Our final sample contains 2447 observations after excluding observa-
tions with missing data.

4.2. Definition of variables

Data for our dependent variables, FV consumption, were collected as
counts—numbers of servings per week.> Figure 1 shows the raw counts of
weekly fruit servings. The co-existence of extremely high and low counts,
multi-modal distribution and, more importantly, empty cells suggests that the
variations in servings are not likely to be adequately explained by any count
distribution. Thus, these counts are consolidated into fewer categories. See

2 Qur data also contain servings of FV per day, which are more likely to be subject to infre-
quency of purchase. Estimation of the servings per day system suggests the Gumbel-Gaussian
model as the preferred specification. Marginal effects are generally similar to the per-week esti-
mates in signs but sparser in statistical significance. The complete set of results for the per-day
system are available upon request.
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Figure 1 Frequency histograms of fruit servings per week (raw counts).

Table 1 for details on coding. Figure 2 illustrates the frequency histogram of
the re-coded categories for fruit servings, suggesting these categories are likely
to be explained better with an ordered probability model. Ordered probabil-
ity models are also found to perform better than count data models with
excessive zeros and sporadic high counts such as the number of cigarettes
smoked (Kasteridis ez al. 2010). Frequency histograms for vegetable counts
show similar patterns and are omitted for brevity.

The following socio-demographic variables are hypothesised to influence
FV demand: length of a typical work day (work hours), education levels, age
brackets, ethnicity/race, income levels, gender, marital status, smoking status,
health status, and location of residence (Table 2). Length of a typical work

Table 1 Sample statistics of dependent variables

Variable Mean SD Minimum Maximum
Fruits
Servings per week 7.08 7.02 0 49
Re-coded counts 2.50 1.66 0 6
Vegetables
Servings per week 13.08 7.58 0 49
Re-coded counts 4.29 1.41 0 6

Servings per week are recoded into seven categories: 0, 1 (1-3 servings), 2 (4-6), 3 (7-9), 4 (10-13), 5
(14-16), and 6 (> 16).
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Figure 2 Frequency histograms of fruit servings per week (re-coded counts).

day is used to proxy the time available for healthy food consumption. The
respondent’s highest academic qualification is denoted by primary/grade-
school (reference), junior-high, senior-high and tertiary. Age groups of the
respondent are represented by younger (age <30) (reference), middle-age
younger (age 31-40), middle-age older (age 41-58), and retiree (age >59).
Ethnicity is represented by Malay, Chinese, Indian, and other races
(reference). Monthly household income is defined by five income categories:
poverty, low, middle-low, middle-high and high-income (reference) brackets.
Two dummy variables are also included to indicate gender (male) and marital
status (single).

Several unique socio-demographic variables are also considered. For
instance, in order to capture the effect of unobserved time preferences of con-
sumers on diet choice, cigarette smoking status (smoker) is included as a
proxy for time preference, besides the inclusion of the respondent’s highest
academic qualification as previously mentioned. It is posited by Fuchs (1982)
and Huston and Finke (2003) that individuals with higher discount rates, as
measured by variables, including smoking and education, tend to have less
healthy diets. In such cases, time preference variations affect individual smok-
ing behaviour, given that smokers place less value on the future than non-
smokers. In contrast, those with better education are hypothesised to have a
lower time preference while placing more emphasis than average on their
well-being in the further future, and thus are more likely to adopt healthy diet
practices.

The respondent’s current health status is hypothesised to affect FV demand
as those diagnosed with a medical condition(s) are expected to take better
care of their health and well-being. In this case, respondents diagnosed with
hypercholesterolemia (hyperchol), hypertension (high BP) and diabetes are
hypothesised to have a positive relationship with FV.

Finally, given that data from MyNCDS-1 do not contain FV price infor-
mation, state of residence of the respondent is constructed as a proxy for
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Table 2 Definitions and sample means of explanatory variables (n = 2,440)
Variable Definition Mean
Continuous variable
Work hours Length of typical work 7.40
day (hours) (SD = 3.17)
Binary variables (1 = yes; 0 = no)
Education, highest level of
Primary Primary school (reference) 0.42
Junior-high Junior-high 0.22
Senior-high Senior-high 0.26
Tertiary Tertiary education 0.10
Age categories (years)
Age <30 <30 (reference) 0.13
Age 31-40 31-40 0.27
Age 41-58 41-58 0.51
Age =59 >59 0.09
Ethnicity
Malay Malay 0.55
Chinese Chinese 0.18
Indian Indian 0.09
Others Others (reference) 0.18
Monthly income categories
Poverty income RMO0-399 0.11
Low income RM400-999 0.36
Middle-low income RM1000-2999 0.38
Middle-high income RM3000-5999 0.06
High income >RM6000 (reference) 0.03
Male Male 0.41
Single Single, divorced or widowed 0.13
Smoker Currently smoking cigarettes 0.21
Diagnosed with health problems
Hyperchol Hypercholesterolemia 0.56
High BP High-blood-pressure 0.32
Diabetes Diabetes 0.13
Regions
Regionl Penang, Selangor, Federal Territory 0.19
Region2 Perlis, Kedah, Perak, Melaka, 0.56
Negeri Sembilan, Johor, Pahang,
Kelantan, Terengganu (reference)
Region3 Sabah, Sarawak 0.25

Compiled from Ministry of Health Malaysia (2006). US$1.00 = RM3.72 (February 2006).

price. While FV prices may vary between locations, the standard of living in
metropolitan states with higher population densities would be invariably
higher compared to that of less metropolitan states. As such, dummy
variables denoted by Region 1 (consisting of respondents hailing from the
metropolitan states of Penang, Selangor and the Federal Territory in West
Peninsular Malaysia), Region 2 (representing the less metropolitan states of
Perlis, Kedah, Perak, Melaka, Negeri Sembilan, Johor, Pahang, Kelantan
and Terengganu in West Peninsular Malaysia) (reference), and Region 3
(representing the Borneo states of Sabah and Sarawak in East Malaysia) are
included to examine if the standard of living (and hence prices) in various
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locations in the country may affect FV consumption patterns. Prices in a
single cross section reflect mainly regional variations, and these regional
variables are expected to capture such variations.

5. Maximum-likelihood estimation and model selection

The FV serving system is estimated with alternative copulas and marginals.
The Gaussian and Frank copulas are first used, and after obtaining positive
error correlation with both of these copulas, the Clayton copula, which
admits only positive correlation, is also used. The latter two are members of
the Archimedean family of copulas most commonly used in empirical appli-
cations with discrete dependent variables (Smith 2003).” The models with
different copulas and marginals are non-nested, and choice among these
models can be made using a non-nested specification test procedure. Specifi-
cally, let r; and s; be the maximum log likelihood contributions of sample
observation i for two competing specifications and define differences d; =
r;—s; for i = 1,....n with sample mean d and standard deviation s,. Then,
under the null hypothesm of no difference between the two models, Vuong ]
(1989, equations (3.1), (4.2), (5.6)) standard normal statistic is z—nzd/
Sq ~ N (0, 1)

Estimation was successful only with the generalised log-Burr marginals
and with only three copulas. The Gaussian—Burr model is found to perform
better than both the Clayton—Burr (z = 1.89, P-value = 0.06) and
Frank—Burr (z = 3.61, P-value <0.01) models. For brevity, we only present
results for the Gaussian—Burr model (Table 3).

The Pearson’s error correlation is significant at the 1 per cent significance
level. In addition, all threshold parameters are positive and significant at
the 1 per cent significance level for both the FV equations, suggesting that
these threshold parameters are successful in delimiting the consumption cate-
gories. A negative threshold coefficient(s) would have implied misspecifica-
tion of the model, and insignificant threshold coefficient(s) would have called
for alternative categorisation of the consumption categories.

Estimates for the skewness parameters are significantly different from 0
and 1 for both FV equations, rejecting both the nested logistic and
extreme-value marginals. Although the generalised log-Burr distribution
does not nest the Gaussian distribution, it nests the symmetric logistic
distribution. The skewness uncovered, with coeflicients of 0.37 and 3.81 for
the error terms of fruits and vegetables respectively, suggests that the
Gaussian marginals would not have been acceptable. These skewed error
distributions may be one reason why our attempt with the Gaussian marg-
inals was unsuccessful.

3 Another Archimedean copula, the Gumbel copula (Nelsen 2006, p. 116), is also considered
but estimation was unsuccessful. The Gumbel copula was preferred for the per-day system
(not reported).
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Table 3 Maximum-likelihood estimates of ordinal equation systems for fruit and vegetable
demands: Gaussian—-Burr model

Fruits Vegetables

Variable Estimate SE Estimate SE
Constant 2.308%** 0.221 5.759%** 0.526
Work hours 0.021%* 0.009 0.044%* 0.022
Junior-high —-0.038 0.077 0.132 0.183
Senior-high 0.349%** 0.084 0.462%* 0.193
Tertiary 0.327%%%* 0.117 0.527* 0.277
Age 31-40 0.092 0.096 0.077 0.222
Age 41-58 0.456%** 0.102 0.658%** 0.231
Age > 59 0.513%%** 0.148 0.631%* 0.322
Malay 0.222%* 0.105 —0.91 1#** 0.256
Chinese 0.483%** 0.117 —0.468%* 0.275
Indian 0.295%* 0.142 —-0.095 0.336
Poverty income —0.322%%* 0.135 —0.684%** 0.310
Low income —-0.064 0.109 —0.596%* 0.260
Middle-low income —0.080 0.106 0.518** 0.251
Middle-high income 0.121 0.138 1.597*** 0.385
Male —-0.120%* 0.066 -0.217 0.169
Single 0.142* 0.085 0.205 0.203
Smoker —0.219%** 0.080 —-0.317* 0.192
Hyperchol 0.262%** 0.063 0.269** 0.138
High BP 0.036 0.065 —-0.200 0.154
Diabetes —-0.144 0.088 —0.476%* 0.203
Region 1 0.589%%** 0.087 —1.794%%** 0.229
Region 3 0.501*** 0.102 0.890%** 0.237
By &2 2.710%%* 0.121 2.672%%x* 0.270
H3s €3 3.442%%* 0.139 3.457%** 0.286
Has Ca 4.135%%x* 0.173 5.715%%% 0.356
s, s 4.204%%* 0.185 5.969%** 0.371
e 6 5131 %% 0.273 12.345%%* 1.151
Skewness (k*) 0.365%** 0.136 3.814%*%* 0.602
0 0.205%** 0.021

Log likelihood —7135.428

Asymptotic standard errors in parentheses. Asterisks indicate levels of significance: *** = 1%, ** = 5%,
* = 10%.

Nearly two-thirds of the explanatory variables are significant at the 10
per cent level of significance or lower. As the effects of explanatory variables
can be examined in greater depth by calculating marginal effects, we
defer further discussions of the effects of explanatory variables to the next
section.

6. Marginal effects of explanatory variables

Marginal effects of explanatory variables on the probabilities and conditional
means of FV servings are presented in Table 4. Work hours play a positive,
albeit small, role in FV consumption. All else equal, a one-hour increase in
work hours increases the probability of consuming maximum (=17) servings
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of fruits by 0.19 per cent and of vegetables by 0.15 per cent. The correspond-
ing effects on levels are 0.09 serving of fruits and 0.07 serving of vegetables.

Compared to their less-educated cohort, those with senior-high school and
tertiary education are 3.47 per cent and 3.19 per cent more likely, respectively,
to eat the maximum servings of fruits. On levels, these individuals consume
1.58 and 1.47 more servings of fruits, respectively. For vegetables, individuals
with senior-high school (1.58 per cent) and tertiary (1.82 per cent) education
are more likely to eat the maximum servings and eat 0.75 and 0.85 more serv-
ing, respectively, compared to their less-educated cohorts. It is worth noting
that education may be proxying the impacts of differing time preference rates
on demand for healthy eating. In this case, a lower time preference amongst
those who are higher educated is observed, given their inclination for healthy
diet choices.

Individuals between 41 and 58 years and those with age 259 years consume
more FV than their younger (age <31) cohort. These groups of consumers are
also more likely to consume the maximum servings of FV. One possible rea-
son for these positive effects of age is that individuals above 40 years may be
more cautious about their health and diet and, hence, consume more FV than
their younger counterparts.

Ethnicity is a statistically significant factor in FV consumption. Relative to
individuals of other ethnicity, Malays and Chinese are both more likely to
consume any fruits and the maximum servings of fruits whereas the effects on
vegetables are the opposite. Those of Indian ethnicity consume more fruits
compared with others. In terms of levels, the Malay, Chinese, and Indians
consume 0.90, 2.12 and 1.23 more servings of fruits, and 1.46, 0.74, and 0.15
(insignificant) less servings of vegetables, respectively.

FV consumption is dependent on income levels. Relative to high-income
individuals, those in the poverty-income bracket are 1.08 per cent less likely
to consume any fruits, 2.58 per cent less likely to consume the maximum serv-
ings, and consume 1.35 less servings of fruits. Compared with high-income
individuals, poverty and low-income earners are 2.12 per cent and 1.86 per
cent less likely, respectively, to consume the maximum number of servings of
vegetables, which translate to 1.13 and 0.99 fewer servings of vegetables.
However, the effects are reverse amongst middle-low and middle-high income
earners, who are 1.87 per cent and 6.7 per cent more likely to consume the
maximum servings of vegetables compared with high-income individuals.
Middle-low and middle-high income earners also consume 0.82 and 2.4 more
servings of vegetables than high-income individuals. Overall, the results show
that while lower income individuals may be eating less FV, consumption
invariably increases with income, implying that FV may be viewed as normal
goods.

The effects of gender suggest that men consume less fruits while the effects
on vegetables are insignificant. The effects of marital status are seen only in
fruit servings as singles are 0.42 per cent more likely to consume any fruits
and eat 0.64 more serving of fruits compared with married persons.
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Smokers are 0.72 per cent less likely to consume any fruits and 1.80 per
cent less likely to eat the maximum servings of fruits. Hence, these individu-
als consume 0.93 less serving of fruits than non-smokers. In addition, smok-
ers are 1.05 per cent less likely to consume the maximum servings and
consume 0.52 less serving of vegetables than non-smokers. This outcome
may not necessarily be viewed negatively as recent scientific studies have
shown that while high intakes of FV may lower health risks among non-
smokers, it may even have adverse effects on smokers. As noted by van Dui-
jnhoven et al. (2009), substances within FV may increase the carcinogenic
potential of tobacco smoke to cause colon cancer instead. It is worth noting
that while this result does not diminish the health benefits of consuming
FV, it should instead renew efforts to cease smoking. Further, as smoking
may have important associations with dietary consumption, this suggests
that time preference variations across individuals matter in healthy diet
choices.

Hypercholesterolemic patients seem to be aware of the importance of eat-
ing healthy foods as their propensity to consume (any) fruits is 0.82 per cent
higher. Their propensity to consume the maximum servings are 2.31 per cent
higher, which corresponds to 1.13 more servings of fruits. Similarly, hyper-
cholesterolemic patients are 0.08 per cent more likely to consume any vegeta-
bles, 0.91 per cent more likely to consume the maximum servings of
vegetables, and consume 0.44 more servings compared with those without
this ailment. Conversely, patients with diabetes are more complacent of their
diets as they are less likely to consume the maximum servings of fruits (1.20
per cent). This results in negative effects on serving levels as diabetics eat 0.61
less servings of fruits compared with non-diabetics. Patients with diabetes are
1.54 per cent less likely to consume the maximum servings and also consume
0.78 less servings of vegetables than non-diabetics.

Although faced with the prospects of higher standards of living, individuals
in the metropolitan areas of Region 1 are 1.55 per cent more likely to con-
sume any fruits and 6.94 per cent more likely to consume the maximum serv-
ings compared with residents in the less metropolitan states of Region 2.
These positive effects contribute to the additional consumption of 2.83 serv-
ings amongst residents of Region 1. In contrast, the propensities to consume
any vegetables (0.95 per cent) and the maximum servings (5.32 per cent) are
lower compared with their counterparts in states with relatively lower living
costs. Subsequently, these negative effects are reflected in the lower consump-
tion of 3.00 servings of vegetables for residents in Region 1 compared with
those in Region 2. These results, which support the findings of Huang and
Lin (2000), indicate that higher prices in the metropolitan cities in Malaysia
clearly do not deter the consumption of fruits as consumers may even be
inclined to pay for imported or “‘status’ fruits such as apples, oranges, pears,
grapes and so forth. Meanwhile, in contrast to the results of Krebs-Smith and
Kantor (2001) and Gustavsen and Rickertsen (2006), individuals from the
relatively rural states and with lower standard of living may be more inclined
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to consume vegetables, given that vegetable farming is considered as one of
the primary cottage industries in Malaysia.

It is interesting to note that consumers in the Borneo states of Sabah
and Sarawak (Region 3) have a 1.39 per cent higher propensity to consume
any fruits and a 5.48 per cent higher propensity to eat the maximum serv-
ings of fruits, whilst consuming 2.34 more servings of fruits compared with
residents in the less metropolitan states of Peninsular Malaysia. In addi-
tion, residents in Region 3 are 3.20 per cent more likely to consume the
maximum servings and also consume 1.42 more servings of vegetables com-
pared with those in Region 2. This is despite the fact that transportation
costs, and hence consumer prices, are conceivably higher in these East
Malaysian states compared with the less metropolitan states in Peninsular
Malaysia.

7. Discussion and concluding remarks

Some of the world’s most widespread and debilitating nutritional disorders,
including birth defects, mental and physical retardation, weakened immune
systems, blindness, and even death, are caused by diets lacking in FV. There-
fore, promoting consumption of FV often tops the list of priorities for nutri-
tion educators. Although a number of studies on FV consumption have
focused on western countries, scant information is available on the determi-
nants of FV consumption in developing countries, including Malaysia.

In this study, we analyse the determinants of FV consumption in Malaysia
with a bivariate ordered probability model using the copula approach.
Results of the study indicate that socio-demographic factors such as educa-
tion, age, ethnicity, income, location of residence, as well as smoking status
and health conditions significantly affect FV consumption. Specifically, edu-
cation affects consumption patterns of FV as those with at least high school
education consume significantly more servings compared with primary
school-educated individuals. Individuals between 41 and 58 years of age con-
sume more FV than those below 30 years of age. The Chinese consume more
fruits than others while Malays, Chinese and Indians eat lesser vegetables
than those of other ethnic backgrounds. Low-income individuals also con-
sume less FV.

The responses of smokers towards fruit consumption are less encourag-
ing compared with non-smokers, thus suggesting the possibility that such
individuals may have a higher time preference and value immediate utility
over delayed utility. Meanwhile, individual health conditions are significant
contributors of FV consumption as evidenced by the higher consumption
rates of fruits amongst those with hypercholesterolemia and lower con-
sumption levels of fruits amongst diabetics compared to those without
these ailments.

Our results call for measures to direct Malaysians to healthier dietary
choices. Interventions that increase FV consumption by changing
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behaviours should be considered, as should those that increase public aware-
ness of the benefits of FV in the diet. However, nutritional interventions
should go beyond increasing awareness and targeting specific groups of indi-
viduals. For example, nutritionists dealing with lower educated groups might
attempt to eliminate barriers to healthy eating, provide support for individu-
als making healthy changes, increase resources for populations with greater
need and emphasise nutritional policies that have an impact on the society.
Simply put, intervention programs should be targeted at and tailored
towards those who have lower FV consumption. Based on our findings,
these groups in Malaysia generally include the less educated, the young, the
poor and smokers.

Although the virtues of consuming FV are often taught in schools, it
may be worthwhile to continue educating younger individuals about the
benefits of FV, especially given our findings that they are less likely to
consume FV than older individuals. Hence, educational programs should
target the younger and less-educated groups in order to sustain lifelong
beneficial effects. Also, because poorer individuals consume less FV than
middle- and high-income individuals, government policies towards provid-
ing food assistance to the poor could be geared towards increasing FV con-
sumption. Price and income subsidies are found to be effective program
tools in promoting FV consumption in the United States (Lin e al. 2010).
Other programs might include subsidising the agricultural sector, particu-
larly on FV.

While this study provides interesting new findings for a developing country
like Malaysia, future research might also focus on identification of barriers to
eating more FV and on evaluating environmental changes that could poten-
tially increase FV consumption (e.g., increasing the proportion of FV in
vending machines, promoting healthful food advertising and availability of
healthful foods). Finally, while we are able to proxy the missing price infor-
mation with regional dummy variables, further studies might consider the
estimation of a utility-theoretic demand system when survey data containing
prices become available.
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Appendix

Let H be a joint CDF with marginals | and F>. Then Sklar’s theorem (Nel-
sen 2006, p. 18) states that there exists a copula C such that for all u;, u, in
the extended real line,

H(ul,ug) = C[Fl(uz), Fz(uz)]. (Al)

If F; and F, are continuous, then C is unique. Conversely, if C is a copula
and F and F;, are distribution functions, then the function defined by (A.1) is
a joint CDF with marginals F; and F,. Econometric specifications with the
copula approach require choices of the marginals /; and F> and a copula. We
consider the Gaussian copula and two members of the Archimedean copulas:
the Frank and Clayton copulas (Nelsen 2006, Table 4.1, pp. 116-119).

The Gaussian copula has the form

C(ul,uz) o, [(I) (u1 (I)il(uz);g]
/ / —(s% —20st+1%)
02)1/2 2(1 _ 02)

where @ and @, are the univariate and bivariate standard normal CDFs,
respectively, and 6 is Pearson’s correlation coefficient between random vari-
ables u; and u,. We also use the Frank copula

dsdt, —1<0<1

(A.2)

Colup, ) = =0 In(1 + (™™ — 1)(e ™ — 1) /(" — 1)), —c0<0<o00
(A.3)

and the Clayton copula

Cluy,u2;0) = (7" + 15 — 1)V 0 < 0< . (A.4)
In Equations (A.3)—(A.4), 0 is a measure of concordance (Nelsen 2006, pp.
157-158) between u; and u,. A more useful measure of association, the

Kendall’s t, can also be derived from the concordance parameter; see Nelsen
(2006, p. 163).
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