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Acute effects of five Ghanaian carbohydrate diets on
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IKE Quayé phb, LA Brakohiakpa msc, GAB Amoal? mD, PhD, N Ayi-Ankrah! Phband
Y Kido3 phD

INoguchi Memoaorial Institute for Medical Research, University of Ghana, Accra, Ghana
2Department of Medicine, University of Ghana Medical School, Accra, Ghana
3Department of Nutrition, Fukushima University, Fukushima, Japan

Glycemic indices have been used to predict useful carbohydrate sources of food for patients with non-insulin-
dependent diabeties mellitus (NIDDM) on dietary management programs. The present study has revealed that
glycemic indices alone are not adequate predictors of useful carbohydrate meal sources. We observed for the
first time that glycemic indexes inversely correlate with triglyceride indices. In our test mixed meals varying in
five Ghanaian carbohydrate food types for nine non-insulin dependent diabetics, the correlation between
glycemic and triglyceride indices was<—-0.63;P = 0.005). The atherogenic potential of triglyceride makes a
critical review of the sole use of glycemic indices as useful carbohydrate predictors necessary. We also observed
that unripened big plantains (a staple Ghanaian food) could be a useful carbohydrate source for NIDDM
patients.

Key words: glycemic index, triglyceride index, insulin index, non-insulin-dependent diabetes mellitus, plantain,
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Introduction Teaching Hospital, Accra, Ghana. The ninth patient was later
Non-insulin-dependent diabetes mellitus (NIDDM) is a lead-excluded after revealing that he was also undergoing
ing cause of disability and death in developed and developinghemotherapy. All patients satisfied the criteria as defined by
nations!-3The present mode of treatment begins with dietarthe World Health Organization (WHO), and the American
management and proceeds to oral antidiabetics drtigs.National Diabetic Data grou.12The patients’ mean fasting
Dietary treatments may vary as a result of the different dietarplood sugar was 8.9 mmol/L and they were on dietary treat-
habits in different countries. Ultimately, the diets aim toment only. They were matched for duration of diabetes and
reduce fat as energy and blood glucose which, when increasdahdy mass index (BMI; 26.1). The experimental protocol
are channelled into triglyceride synthesis, leading to obesitwas approved by the ethics committee of the University of
and risk of cardiovascular disedsh patients with NIDDM,  Ghana Medical School, Accra, Ghana.
the increase in plasma triglyceride concentration is mainly
caused by an increased endogenous synthesis, which may fa@lbllection of blood specimen
with improved glycemic control.Most case-controlled and The subjects were all housed at one location 3 days before
epidemiological studies have reported that triglyceride is théhe beginning of the experiment and fed a nutritious diet.
sole risk factor correlating with the incidence of coronaryPrior to the beginning of the experiment, each of them had an
artery disease (CAD)? Improved glycemic control, there- average daily intake of 200 g carbohydrate in their meals. A
fore, reduces triglyceride synthesis and the risk of GAD. glucose tolerance test was performed on each subject on Day
In Ghana, the diet for NIDDM patients is usually a mixed0 (the day preceding the use of test diets) and then performed
meal varying in its sources of carbohydrates. In a preliminarggain for each test diet on each succeeding day. The meals
experiment, we observed that five Ghanaian carbohydrateere given randomly to the participants.
diets showed different post-prandial responses to blood glu- Blood specimens were collected in fluoridated
cose in normal individuals. The glycemic indices suggestedteparinized tubes via an indwelling intravenous catheter up
good dietary regimen for diabetics. In order to pursue furthéo 2 h post-prandially for glucose and triglyceride assays. In
the usefulness of these diets in regulating plasma glucosethe case of insulin assays plain tubes were used. Serum or
diabetics, we studied the acute effects of the five diets gulasma samples obtained after centrifugation were stored at
post-prandial plasma glucose, triglyceride and insulin ir40°C until analysis.
patients with NIDDM.
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Biochemical assays and meal composition as the most favourable carbohydrate source for the diabetics.
Glucose was analysed using the glucose oxidase proceduGg kenkey was the next most favourable, followed by gari.
triglycerides enzymatically and insulin by an enzyme Student'st-test for pairs of meals for triglyceride, insulin
immunoassay methdd.The sources of carbohydrate for theand glycemic indices (TI, Il, Gl) are shown in Table 4.

test meals were ric®©tyza sativy, gari, big unripened plan-

tains Musa paradisiacp white yam Discoreaspecies) and  1apje 1. Composition of meals with different sources of
Ga kenkey. Gari is made by grating cass&anihot utilis- carbohydrate (CHO)

simg and then dehydrating the fibre in sacks for 3 days, afte -
which the residue is roasted. Ga kenkey is a fermented cc/ngredients

Weight  Energy CHO  Protein Fat

dough formed into the size of a fist and boiled in corr @ (keal) @ @ @
sheaves. Each test meal was a mixed meal containing 35% Boiled rice
and 17% protein, with the only variable being the source ¢ Rice 172 200 48 4 0
carbohydrate. The compositions of the meals were calculate Ol (salad) 12 141 0 0 15
from food composition tables. The indices for glucose F'S.h 40 63 0 4 L
iglyceride and insulin were calculated as follows: Onions 12 4 ! 0 0
trigly Tomatoes 25 4 1 0 0
Glycemic index (Gl):  incremental area under 2 h plasma Total 412 50 18 16
glucose curve of 50 g carbohydrate load Boiled yam
x 100 Boiled yam 178 203 48 3 0
_ Oil (salad) 12 141 0 0 15
incremental area under 2 h plasma Fish 40 63 0 14 1
glucose curve of 50 g glucose load Onions 12 4 1 0 0
Tomatoes 25 4 1 0 0
Triglyceride index (TG): incremental area under 2 h plasma Total 412 50 18 16
triglyceride of 50 g carbohydrate load Ga kenkey
x 100 Ga kenkey 174 216 48 5 1
incremental area under 2 h plasma O_'I (salad) 12 141 0 0 15
triglyceride curve for 50 g glucose load F'S.h 40 63 0 14 L
Onions 12 4 1 0 0
o ) ) ] Tomatoes 25 4 1 0 0
Insulin index (I1): incremental area under 2 h serum insulin - 144 428 50 19 17
curve of 50 g carbohydrate load Boiled green big plantain
* 100 Big plantain 152 201 48 2 0
incremental area under 2 h serum insulin Ol (salad) 12 141 0 0 15
curve for 50 g glucose load Fish 40 63 0 14 1
Onions 12 4 1 0 0
Tomatoes 25 4 1 0 0
Statistical analysis Total 413 50 16 16
Results are given as mean = SD. The paired Studet®@® gayi
was used to compare the means of the indices after perfor  Gari 56 196 48 1 0
ing analysis of variance. Pearson’s correlation coefficier Oil (salad) 12 141 0 0 15
was used to assess the association between the indices. Fish 40 63 0 14 1
Onions 12 4 1 0 0
Results Tomatoes 25 4 1 0 0
Total 408 50 15 16

Table 1 summarizes the composition of each of the te

meals. The only variable in each meal was the source of

carbohydrate. Table 2. Glucose tolerance test (GTT) in non-insulin depen-
Table 2 depicts the results of the glucose tolerance test fyant diabetics (glucose values mmol/L)

the patients.
Table 3 gives the glycemic, triglyceride and insulinNo-

Subject time (min)

indices of the test meals. Ranking from lowest to highest, tt 0 30 60 90 120
following order was obtained: 1 9.4 15.1 18.0 18.0 13.8
. . . 2 9.9 19.6 21.4 18.9 18.5
Gl: rice < plantain < Ga kenkey < gari < yam 3 93 217 24.0 19.1 16.6
TI: yam < gari < plantain < Ga kenkey < rice 4 7.3 125 14.3 14.2 141
II: yam < Ga kenkey < rice < gari < plantain > 84 15.6 151 177 15.6
Y y <rice < garn= planta 6 9.1 15.8 19.6 17.1 15.6
. _ 7 8.4 15.8 23.3 20.4 16.3

The TI correlated inversely with the GI£-0.63,P= g 72 10.0 10.1 71 6.2
0.005), with rice accounting for the least and highesg* 95 16.6 223 18.5 20.2
glycemic and triglyceride indices, respectively. Rice and yar10 10.0 16.1 23.4 24.6 21.9

.ShO_W oppo:_smg responsgs _for glycemic and _mglycend‘*Subject No. 9 was excluded after revealing that he was also undergoing
indices. Taking all of the indices together, plantain emergechemotherapy.
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Table 3. Glycemic, triglyceride and insulin indices of test carbohydrate source, whereas yam is the worst. However, the

meals triglyceride index gives the very opposite indication. This
Carbohydrate Glycemic Triglyceride Insulin  Means that glycemic index alone is not an adequate index for
source index index index  selecting an appropriate carbohydrate source for diabetics.
Rice 402+ 6.0 137411 11+05 We are aware _that the peak triglyceride level in the blood
Plantain 40.9+5.1 1.02+06 1.25+0.5 Post-prandially is 4 hours; nevertheless, because we are look-
Ga kenkey 43.7+5.7 1.09+0.6 0.91 + 0.3 ing at correlation and not at the absolute values of the figures,
Gari 49.0+2.9 0.95+0.9 1.17 + 0.8 the results are relevant. Triglyceride has been observed as the
Yam 64.9+7.0 0.93+0.8 0.82+0.4 sole risk factor which correlates the strongest with CAD in
n 9 9 9 diabetic population8?19 Considering that NIDDM patients

already have the tendency for hypertriglyceridemia, any diet

Table 4. Student'st-test between pairs of meals for each testh@t tends to cause an elevated serum triglyceride may not
auger well for a patient on a sustained intake of the particu-

Pairs of meals el Tl ' lar carbohydraté?

Kenkey and Yam * NS NS It has been documented that raised serum triglyceride
Kenkey and Plantain NS NS NS levels result from higher VLDL-TGL22 |t may be that for

Rice and Kenkey NS NS NS  the test meals with low GI, a slow rise in blood glucose did
Kenkey and Gari NS NS NS not lead to an adequate tissue supply. This then is compen-
Plantain and Yam * NS *

sated for by an increased lipolysis in peripheral tissues, pro-

Rice and Yam * NS NS . -

Gari and Yam NS NS NS v!dlng free fatty gmds and glycerol. In the presence of norme}l
Plantain and Gari NS NS NS Circulating insulin levels, this leads to an increased hepatic
Rice and Gari NS NS NS VLDL-TG synthesis and secretion and elevated plasma
Rice and Plantain NS NS NS triglyceride. It may be interesting to examine why the carbo-

Gl, glycemic index; T, triglyceride index; Il, insulin index; NS, not hydrates show such varied responses. )
significant; *significantP < 0.05. When the results are taken together, plantain appears as

the choice carbohydrate, among those tested, for diabetics.
Discussion Its effect in causing a significant elevation in the insulin

The treatment of NIDDM is aimed at selecting a diet tha"dex while maintaining a low GI and average Tl is worth
minimises the level of metabolic risk factors for CAD. In"0ting. Most diabeties clinicians in Ghana have long sus-
NIDDM patients, the risk factors for CAD are increasedPected that plantain meals are useful for diabetics. Our results
blood glucose concentration, increased post-prandial and toffiovide the first direct evidence of this supposition. Follow-
very low density lipoprotein (VLDL) triglyceride, increased iNg plantain, Ga kenkey and then gari appear to be the most
post-prandial insulin levels and reduced high density |ip0benef|0|al for diabetics. We think that the selection of either
protein (HDL) cholesterol concentrati#hGlycemic indices ~ fice or yam must be based on the individual responses of the
have been used conventionally to select suitable meals for tRgtients because of the diametrically opposed responses evi-
NIDDM patientl4 The factors affecting the glycemic index, dent in the glycemic and triglyceride indices, respectively.
including the nature of starch, processing and cookingven though the statistical differences in the indices are not
methods are not the same within and between countriegighificant, a sustained intake of the various diets could effect
Therefore, it is not easy to select a common meal for diabegignificant responses.

ics15-18The development of new approaches of treatment is Our data reveal that glycemic indices alone are not ade-
therefore necessary. The results of the experiment with tlggiate predictors of useful carbohydrate meals. When all three
five Ghanaian test meals show that on the basis of only thedices are compared, plantain should serve as a useful
glycemic index, rice is the best choice among the five as @rbohydrate source for NIDDM patients.
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SRETRAEER S FRMUBAEE (NIDDH) » 222 RAELR
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