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Abstract

The aim of this study was to compare postprandial lipemia, oxidative stress, antioxidant activity,
and insulinemia between a three and six isocaloric high carbohydrate meal frequency pattern in
obese women. In a counterbalanced order eight obese women completed two, 12 h conditions in
which they consumed 1500 calories (14% protein, 21% fat, and 65% carbohydrate) either as three
500 calorie liquid meals every 4 h or six 250 calorie liquid meals every 2 h. Blood samples were
taken every 30 min and analyzed for triacylglycerol (TAG), total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, oxidized low-density lipoprotein
cholesterol, myeloperoxidase, paraoxonase-1 activity, and insulin. The TAG incremental area
under the curve (iIAUC) during the three meal condition (321 + 129 mg/dL-12 h) was significantly
lower (P = 0.04) compared to the six meal condition (481 + 155 mg/dL-12 h). The insulin iIAUC
during the three meal condition (5,549 + 1,007 pmol/L-12 h) was significantly higher (P = 0.05)
compared to the six meal condition (4,230 £ 757 pmol/L-12 h). Meal frequency had no influence
on the other biochemical variables. Collectively, a three and six isocaloric high carbohydrate meal
frequency pattern differentially alters postprandial TAG and insulin concentrations but has no
effect on postprandial cholesterol, oxidative stress, or antioxidant activity in obese women.

Introduction

Cardiovascular disease (CVD) is the leading cause of death in the U.S. and although CVD is
a complex multi factorial disease, it is considered by some a postprandial phenomenon [1].
Obesity is an independent risk factor for (CVD) [2], which is partially attributed to
abnormalities in postprandial triacylglycerol (TAG) metabolism [3]. Exaggerated and
prolonged elevations in postprandial TAG concentrations directly contribute to both the
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atherosclerotic [4] and thrombotic [5] processes of CVD. In addition, exaggerated
postprandial TAG concentrations result in decreased plasma high-density lipoprotein
cholesterol (HDL-C) concentrations [6-8]. As low HDL-C concentrations are a risk factor
for CVD [9], the postprandial decrease in HDL-C concentrations may contribute to the
enhanced CVD risk associated with abnormally elevated postprandial TAG in obese
individuals [10].

In addition to abnormal postprandial lipid metabolism, an imbalance in redox status
resulting in the overproduction of reactive oxygen and nitrogen species in addition to
reduced antioxidant activity plays a role in the atherosclerotic process. In particular, the
oxidative conversion of low-density lipoprotein cholesterol (LDL-C) to oxidized LDL-C
(oxLDL-C) is a key event in the pathogenesis of CVD, and high oxLDL-C concentrations
are a strong predictor of acute coronary heart disease events [11]. Myeloperoxidase (MPQO)
is a peroxidase enzyme that is positively associated with endothelial dysfunction [12], an
early event in the pathogenesis of CVD [13]. The MPO generated nitrating oxidants play a
role in the oxidative conversion of LDL-C into oxLDL-C [14]. Furthermore, MPO generated
nitrating oxidants render HDL-C dysfunctional by binding to the apolipoprotein (apo) Al of
HDL-C particles [15], thereby reducing the binding of apo Al with the antioxidant protein
paraoxonase-1 (PON-1), the principal determinant of the antioxidant capacity of HDL-C
[16]. As obesity inflicts one third of the U.S. population, it is important that effective
therapies be identified that can beneficially alter postprandial biomarkers associated with
CVD in obese individuals.

The National Cholesterol Education Program Adult Treatment Panel I11 guidelines state
dietary interventions should be the first line of treatment to reduce CVD risk [17]. One form
of diet therapy often suggested to improve health is altering meal frequency. The current
dogma among health care professionals and the lay press is that consumption of smaller,
more frequent meals may reduce CVD risk more so than larger, less frequent meals.
However, very few controlled studies are available to justify this claim. Some studies have
assessed how meal frequency alters traditional fasting biomarkers associated with CVD. In
one study, males consuming 17 small meals daily for two weeks reduced their fasting total
cholesterol (TC), insulin, and c-peptide concentrations more so than consuming three daily
meals [18]. In other controlled feeding studies lower fasting TC and fasting glucose
concentrations occurred when normal-weight men and women consumed three meals
compared to one meal per day for eight weeks [19, 20]. These studies suggest increasing
meal frequency may reduce CVD risk. However, not all studies suggest increasing meal
frequency is beneficial. In a cross over study, 12 or three daily meals for two weeks did not
alter fasting TAG, glucose, insulin, or TC concentrations in young women [21]. A limitation
to the previous studies is that CVD risk was assessed using traditional fasting biomarkers
associated with CVD. Given that CVD is considered by some a postprandial phenomenon,
the impact of meal frequency on postprandial metabolism will provide important insight
about how meal frequency may reduce CVD risk. However, very few controlled feeding
studies have examined how meal frequency alters postprandial metabolism. Previous reports
examining the acute effects of a three or six isocaloric meal frequency pattern have
demonstrated higher postprandial insulin concentrations in normal-weight [22, 23] or
overweight and obese [24] men and higher postprandial glucose concentrations in
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overweight and obese men [24] while consuming three meals compared to six isocaloric
meals. On the contrary, higher glucose excursions were observed after six meals compared
to three meals in normal-weight individuals [25]. Given the discrepancy in findings, it is
difficult to ascertain which meal frequency, three or six meals, will improve postprandial
metabolism more so to reduce CVD risk. Therefore, more research is warranted. To our
knowledge, no research has compared the acute effects of a three and six isocaloric meal
frequency pattern on other postprandial biomarkers associated with CVD including lipid
concentrations, oxidative stress, or antioxidant activity in obese premenopausal women, a
group at risk for CVD. Therefore, the specific purpose of this study was to compare
postprandial lipemia (TAG, TC, LDL-C, and HDL-C), oxidative stress (oxLDL-C, MPO),
antioxidant activity (PON-1), and insulinemia between a three and six isocaloric high
carbohydrate meal frequency pattern in obese women, a group at risk for CVD. We
hypothesized that the magnitude of change in postprandial responses would be less with the
six meal frequency compared to the three meal frequency.

Study Population

The University of Missouri Institutional Review Board approved this study protocol and
informed consent. All subjects provided written informed consent and were screened to
determine eligibility. The screening included assessment of weight, height, waist and hip
circumference, body composition, and fasting blood glucose. In addition, information about
dietary intake, physical activity, and medical history were obtained via a self reported
questionnaire. Inclusion criteria included obese women with a body mass index (BMI) = 30
kg/m2, waist circumference > 88 cm, body fat percentage > 35%, normal fasting blood
glucose concentration (< 100 mg/dL), non tobacco users, sedentary lifestyle (< 60 min of
planned physical activity per week over the last 3 months), no prior history of heart, lung,
kidney, endocrine, or liver disease, not currently taking any prescription medications known
to alter glucose or lipid metabolism, pre menopausal, not pregnant or lactating, weight stable
(weight change < 3 kg over last 6 months), and not currently on a special diet (i.e. Atkins,
etc.). Baseline lipid values ranged between 53-140 mg/dL for TAG, 139-224 mg/dL for TC,
36-61 mg/dL for HDL-C, and 75-151 mg/dL for LDL-C.

Study Design

In a randomized order and after a 12 h overnight fast with water ad libitum, the subjects
completed two, 12 h conditions in which they consumed 1500 calories (Nutritional Shake,
14% protein, 21% fat, and 65% carbohydrate, Walgreens Co., Deerfield, IL, USA) either as
three 500 calorie meals every 4 h or six 250 calorie meals every 2 h while remaining
sedentary. There was a one month wash out period between conditions. Upon arrival for the
12 h study day, a certified nurse inserted a venous catheter into the antecubital vein of the
subject. The catheter was kept patent with a saline drip. Venous blood samples were taken
from a stopcock at baseline and every 30 min thereafter for 12 h. Each blood sample (30
min) collected was analyzed for TAG and insulin concentrations. All other biochemical
variables including TC, LDL-C, HDL-C, MPO, oxLDL-C, and PON-1 activity were
measured at 0 (baseline) and the postprandial time points 2, 4, 6, 8, 10, and 12 h. In addition,
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the baseline sample was assayed for glucose concentration. Postprandial TAG and insulin
concentrations change more rapidly and dramatically to meal ingestion compared to the
other variables thus to more accurately observe postprandial TAG and insulin kinetics these
variables were measured more frequently compared to all other variables.

Anthropometric Measures

Height and weight were measured using a digital scale and stadiometer. Waist (using belly
button as anatomical reference) and hip circumference were taken with a measuring tape.
The BOD POD® was used to determine body fat percentage, and the manufacturer’s
guidelines were followed (COSMED USA, Inc.). Prior to body fat testing, all participants
avoided ingesting food or drink for ~3 h. All participants wore skintight clothing, a swim
cap, and removed all jewelry and eyeglasses before testing. Lung volume was measured and
body fat was estimated using the Siri equation.

Dietary Assessment

To control for the influence of dietary patterns on postprandial responses, the subjects kept a
dietary record during the three days prior to each 12 h visit. A photocopy of this dietary
record was given to each subject and they were asked to repeat the same dietary record prior
to the subsequent visit. Dietary records were analyzed for total energy and macro/
micronutrient content using Food Processor SQL, version 10.8 (ESHA Research, Salem,
OR, USA).

Blood Handling and Analysis

Venous blood samples (~3 mL) were collected by syringes, transferred immediately into
serum separator tubes, and separated by centrifugation at 3000 RPM for 15 min at 4°C. The
serum was stored in cryogenic vials at —80° C until analysis.

Serum TC, TAG, and glucose concentrations were determined by colorimetric assays
(Fischer Scientific, Inc., Houston, TX, USA). The coefficient of variation (CV) for TC,
TAG, and glucose was 2%, 1.5%, and 1.8%, respectively. A modified heparin-MnCl,
method, as previously described [26], was used to determine HDL-C concentrations, and the
CV for this assay was 1%. A modified Friedewald equation was used to determine serum
LDL-C concentrations as this equation was shown to be the most accurate for determining
postprandial LDL-C concentrations [27]. Serum insulin concentrations were determined
using an Immulite 1000 Immunoassay System (Siemens Healthcare Diagnostics, Inc.,
Deerfield, IL, USA). The homeostatic model assessment of insulin resistance (HOMA-IR)
and quantitative insulin sensitivity check index (QUICKI) were used to calculate insulin
resistance and sensitivity, respectively, prior to each condition. Commercially available
ELISA Kits were used to determine MPO (Molecular Probes, Carlsbad, CA, USA) and
oxLDL-C concentrations (ALPCO Diagnostics, Salem, NH, USA). The CV for MPO and
oxLDL-C was 8% and 7.9%, respectively. A commercially available assay kit was used to
determine PON-1 activity (Molecular Probes, Carlsbad, CA, USA) and the CV for PON-1
was 7.9%.
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Statistical Analysis

Results

Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS)
statistical software, version 18.0 (SPSS Inc, Chicago, IL, USA). Postprandial responses
between conditions were compared using the incremental area under the curve (iIAUC),
which was calculated using the trapezoidal method [28]. For the primary analysis, paired
samples t-tests were used to compare the iAUC values between conditions for all variables.
In addition, paired samples t-tests were used to compare HOMA-IR, QUICKI, and energy
intake between conditions. For t-tests, Cohen’s d effect size (d) was calculated using the
formula d = (M1 = My)/s,. The pooled standard deviation (s;) was used in the denominator
because there was no control. For the secondary analysis, a mixed model (condition x time
point) repeated measures ANOVA with Bonferroni post hoc tests was used to determine if
statistical differences existed between the baseline and postprandial time points within and
between each condition for all variables. For the ANOVA, the effect size was calculated in
SPSS as partial eta squared (n?). Statistical significance was set at P < 0.05 and values are
reported as means + s.e.m.

Subject Characteristics

Diet

Eight obese women with an average age of 39 + 3 y completed this study. The average BMI,
waist circumference, hip circumference, and body fat percentage of the participants were
34.5 + 1.3 kg/m?, 100.6 + 3.7 cm, 121.5 + 3.5 cm, and 46.5 = 2.2%. Prior to each condition,
baseline HOMA-IR (three meals = 1.75 = 0.13 vs. six meals = 1.54 £+ 0.25, P = 0.16) and
QUICKI (three meals = 0.35 + 0.01 vs. six meals = 0.36 + 0.01, P = 0.10) were not
significantly different between conditions.

Average daily energy intake during the three days prior to the three (2807 £ 323 calories)
and six (2760 + 315 calories) meal conditions were not significantly different (P = 0.86). In
addition, no differences existed between average daily ingestion of the antioxidants Vitamin
A, B-carotene, Vitamin C, and Vitamin E during the three days prior to each condition.
Subjects had a usual meal frequency of 3—4 meals per day.

Postprandial Lipemia and Insulinemia

Figure 1 and 2 shows the 12 h time course and iIAUC for TAG and insulin, respectively,
during both conditions. The TAG iAUC was significantly lower (P = 0.04, d = 0.40) during
the three meal condition (321 + 129 mg/dL-12h) compared to the six meal condition (481 +
155 mg/dL-12h). In addition, there was a significant main effect of time (P < 0.01, 12 =
0.23) and the post hoc tests revealed the TAG concentrations were significantly greater
compared to baseline at time point 4.5, 5, 8.5, and 9 h for the three meal condition and time
point 4.5, 5, 6.5, 7, 10.5, 11, 11.5, and 12 h for the six meal condition. There was no
significant condition x time interaction for TAG. On average, TAG concentrations were
15% and 22% above baseline for the three and six meal conditions, respectively. The insulin
iAUC was significantly higher (P = 0.05, d = 0.52) during the three meal condition (5,549 +
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1,007 pmol/L-12 h) compared to the six meal condition (4,230 = 757 pmol/L-12 h). In
addition, there was a significant main effect of time (P < 0.01, n2 = 0.48) and a significant
condition x time interaction (P = 0.01, n2 = 0.19). The post hoc comparisons revealed
significant elevations in insulin above baseline concentrations during both conditions at
most time points (Figure 2) and significantly higher insulin concentrations during the three
meal condition at time points 5, 5.5, 6, 9, 9.5, and 10 h compared to the six meal condition.
On average, insulin concentrations were 396% and 292% above baseline for the three and
six meal conditions, respectively.

Table 1 shows the 12 h time course and iAUC for TC, LDL-C, and HDL-C concentrations
during both conditions. The iIAUC for TC (P =0.27), LDL-C (P = 0.62), and HDL-C (P =
0.18) were not significantly different between conditions, but there was a significant main
effect of time for TC (P < 0.01, 2 = 0.39), LDL-C (P < 0.01, 2 = 0.40), and HDL-C (P <
0.01, n2 = 0.47). The post hoc comparisons revealed a significant reduction in TC, HDL-C,
and LDL-C concentration at each time point after baseline with one exception; the HDL-C
concentration at the 4 h time point during the six meal condition was not significantly
different compared to baseline. There was no significant condition x time interaction for
these variables.

Postprandial Oxidative Stress and Antioxidant Activity

The iIAUC for MPO (P = 0.44), oxLDL-C (P = 0.86), and PON-1 activity (P = 0.46) was not
significantly different between conditions (Table 1). In addition, there was no significant
main effect of time for MPO (P = 0.18) or PON-1 activity (P = 0.24). There was a
significant main effect of time for oxLDL-C concentrations (P = 0.01, 12 = 0.17). The post
hoc comparisons revealed oxLDL-C concentrations were significantly reduced at the 10 h
time point during the three meal condition and 4 and 8 h time points during the six meal
condition. On average, MPO, oxLDL-C, and PON-1 activity decreased ~39%, ~13%, and
~15%, respectively. There was no significant condition x time interaction for these
variables.

Discussion

The aim of this study was to determine how a three vs. six meal per day frequency alters
postprandial lipemia, oxidative stress, antioxidant activity, and insulinemia in obese
premenopausal women. The primary finding of this study was that a three meal per day
frequency results in lower postprandial TAG concentrations and higher postprandial insulin
concentrations compared to a six meal per day frequency. In addition, postprandial TC,
HDL-C, LDL-C, oxidative stress, and antioxidant activity did not differ between a three or
six meal frequency. Exaggerated and prolonged postprandial TAG concentrations contribute
to both the atherosclerotic [4] and thrombotic [5] processes of CVD, thus the implications of
these findings are that a reduced meal frequency might be a strategy to lower CVD risk by
reducing daylong postprandial TAG concentrations.

One potential mechanism by which consuming three meals results in lower TAG
concentrations compared to six isocaloric meals may be mediated by the different insulin
responses. The present data demonstrated greater postprandial insulin concentrations when
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obese women consumed three liquid meals compared to six isocaloric liquid meals. Insulin
stimulates adipose tissue lipoprotein lipase activity in humans [29, 30], an enzyme that
functions to hydrolyze TAG to non-esterified fatty acids and glycerol, and non-esterifid fatty
acids are subsequently taken up by adipocytes and re-esterified into a TAG droplet for
storage. Thus, the greater insulin concentrations induced by three meals may be increasing
adipose tissue lipoprotein lipase activity to a greater extent, thus promoting greater
postprandial TAG clearance.

The greater insulin responses were not due to differences in insulin resistance or sensitivity
between conditions. Instead, this response may have been mediated by the different glucose
responses. We do not report postprandial glucose data, but other work has demonstrated
greater postprandial glucose concentrations in response to three meals compared to six
isocaloric meals in overweight and obese men [24], and thus greater postprandial insulin
concentrations with three meals compared to six isocaloric meals [22—24]. The greater
daylong postprandial insulin concentrations with three meals compared with six isocaloric
meals may be a phenomenon that occurs in overweight and obese individuals only. For
instance, Holmstrup et al. [25] demonstrated similar postprandial insulin responses in
healthy normal-weight individuals who ingested three and six isocaloric liquid meals but
greater postprandial glucose concentrations with six meals compared to three meals. These
data suggest that meal frequency may alter postprandial metabolism differently in normal-
weight and obese individuals. This topic has not been explored and warrants further
investigation.

Previous research has demonstrated reductions in postprandial TC concentrations in healthy
men with no differences between a three or six meal frequency [22]. Similarly, the present
investigation demonstrates postprandial TC concentrations decline but meal frequency does
not alter the magnitude of the decline. Further, the declines in postprandial TC
concentrations observed here are a result of reductions in both postprandial HDL-C and
LDL-C concentrations. Declines in HDL-C concentrations have been reported to occur after
high fat meal ingestion in postmenopausal women [6], normal-weight men [8], and obese
men [7]. Thus, the present study adds to the existing literature by demonstrating that high
carbohydrate meals also result in postprandial declines in HDL-C concentrations in obese
women, but meal frequency has little influence on the magnitude of the drop. The decrease
in postprandial HDL-C concentrations may possibly be linked with the rise in postprandial
TAG concentrations. Increased TAG concentrations increase the exchange of TAG and
cholesterol ester via cholesterol ester transfer protein between TAG and HDL-C [31], and
TAG enriched HDL-C enhances the clearance of HDL-C apolipoprotein Al, via hepatic
lipase, from the circulation [32]. These declines in postprandial HDL-C concentrations may
contribute to the increased risk of CVD observed in obese individuals [2, 9]. Interestingly,
there was a simultaneous decline in postprandial LDL-C concentrations in the present study,
but no effect of meal frequency. To our knowledge, this is the first study to demonstrate
high carbohydrate meals reduce postprandial LDL-C concentrations in obese women. This
decline in LDL-C concentrations is unlikely to protect against CVD as prior research has
shown a fat rich meal reduces postprandial LDL-C concentrations in individuals with type 2
diabetes, yet this population is still at an elevated risk to develop CVD [33]. The mechanism
by which postprandial LDL-C decreases is due to the rise in postprandial insulin
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concentrations. Insulin increases LDL-C receptor activity, which would result in increased
LDL-C catabolism and thus reduced postprandial LDL-C concentrations [22].

In contrast to our hypothesis, meal frequency did not differentially alter postprandial
oxidative stress (MPO and oxLDL-C). Postprandial MPO concentrations decreased during
both conditions, but this decline was not significant. This decline, however, parallels a prior
report where postprandial MPO concentrations declined after consecutive high fat or high
carbohydrate meals in normal glucose tolerant women [34] and after an oral glucose
tolerance test in obese children and adolescents [35]. It is unclear why postprandial MPO
concentrations decrease, thus this topic warrants further investigation. The effect of meal
ingestion on postprandial oxLDL-C concentrations is controversial. We demonstrated
oxLDL-C concentrations decline in the postprandial period, while other work has
demonstrated no change in postprandial oxLDL-C concentrations after an oral glucose
tolerance test in normal glucose tolerant adults [36] and children and adolescents [35]. In
individuals with clinically suspected CVD, oxLDL-C significantly increased 6 h after a fatty
meal [37]. Similarly, oxLDL-C significantly increased after an oral glucose tolerance test in
individuals with impaired glucose tolerance and type 2 diabetes [36]. The reason for the
discrepancy in postprandial oxLDL-C responses between studies is not completely
understood. One possible explanation may be the magnitude of postprandial lipemia in these
varied populations. In the present study, the average peak postprandial TAG concentration
was 123-128 mg/dL while it was 262 mg/dL in another study [37]. In addition, glycemic
control may alter the magnitude of change in oxLDL-C concentrations. For instance,
individuals with glucose intolerance experienced elevated postprandial oxLDL-C
concentrations, while individuals with normal glucose tolerance did not experience any
change in postprandial oxLDL-C concentrations [36]. Potentially, other factors that could
contribute to the discrepancy in findings between studies include age, antioxidants in the
meal, meal composition, food form, hemodilution, body composition, timing and frequency
of blood sampling, or a combination of these factors.

In the present study, postprandial PON-1 activity did not significantly change over the
course of the day during both meal frequencies. This finding contrasts previous work that
has shown postprandial PON-1 activity decreases in individuals with and without diabetes
ingesting a high fat or high carbohydrate meal [16, 38]. The inactivation of PON-1 was
proposed to occur by oxidation products [38] but we observed a decline in the oxidation
product oxLDL-C. Therefore, the reduction in the oxidation products oxLDL-C may have
prevented the inactivation of PON-1 activity and may partly explain why no significant
changes in postprandial PON-1 activity were observed in the present study.

Limitations

Although this study was carefully controlled, there are limitations that are often seen in
many human studies. First, this investigation utilized a small sample size of Caucasian,
premenopausal middle-aged obese women; therefore, the extrapolation of these findings to
other populations is uncertain. Second, we did not directly measure TAG turnover or
lipoprotein lipase activity but measured circulating venous TAG concentrations. This makes
it difficult to establish a direct causal relationship between the TAG and insulin
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concentrations. Third, the study participants ingested a relatively high carbohydrate liquid
meal. Our rationale for using a liquid meal was to ensure that each participant could
consume the meal in the same amount of time. This way, the confounding influence that
speed of eating could have on the postprandial responses was avoided. Although liquid
meals result in lower postprandial glucose and insulin responses compared to solid meals
[39, 40], to our knowledge it has not been established how food form affects postprandial
lipids, oxidative stress, or antioxidant activity. In addition, it is not clear how the
composition of the meal (i.e. high fat vs. high carbohydrate) may alter postprandial
excursions in response to different meal frequencies. Therefore, the generalization of these
findings to the “real life” situation where people are eating solid food, possibly with more
fat, is limited. Despite these limitations, this is the first study to examine how manipulating
meal frequency alters postprandial lipemia, oxidative stress, and antioxidant activity in
obese individuals. The data from this research has provided the groundwork for future
research to determine if temporal alterations in meal frequency can reduce CVD risk.

In conclusion, the cardiovascular stress of postprandial lipemia and oxidative stress over the
course of a single day may seem trivial; however, these daily insults over time may lead to
CVD. Altering meal frequency may be a therapy to reduce the magnitude of these daily
insults, which potentially will reduce CVD risk. The results from this study demonstrate that
consuming three liquid meals throughout the day results in lower postprandial TAG
concentrations compared to six isocaloric meals in obese premenopausal women. Therefore,
it is plausible that a reduced meal frequency may reduce CVD risk. However, more research
is needed in other high CVD risk populations with different meal compositions and with
solid food before definitive conclusions can be made.
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Figure 1. Postprandial triacylglycerol responses between three and six meals

A. Time course of postprandial triacylglycerol (TAG).
B. TAG incremental area under the curve.

All values are mean + s.e.m.

*P < 0.05 compared to baseline within condition.

Solid arrows represent meal given during both conditions and dashed arrows represent meal

given during six meal condition.
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Figure 2. Postprandial insulin responses between three and six meals
A. Time course of postprandial insulin.

B. Insulin incremental area under the curve.
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P < 0.05 compared to baseline within condition.
TP < 0.05 compared to three meal condition.
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Solid arrows represent meal given during both conditions and dashed arrows represent meal
given during six meal condition
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