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Introduction
Despite carbohydrates being the major macronutrient consumed by 
a majority of the human population, there is an increasing concern 
that certain carbohydrates may increase the risk of all-cause mortality 
and cardiometabolic disease [1]. “Low-carb” diets have consequently 
been advocated in the form of the Atkins, Paleo, and Keto diets [2]. 
Paradoxically, government and health agencies have been increasingly 
advocating for plant-based diets rich in carbohydrate foods; fruits, 
vegetables, whole grains, and legumes [3]. A less recognized analysis 
of the Prospective Urban Rural Epidemiology (PURE) cohort also 
demonstrated that certain carbohydrate foods, including fruits, 
vegetables, and legumes, are protective of all-cause mortality [4]. 
The most recent assessment of the PURE study indicated that high 
glycemic index (GI) diets were associated with total and cardiovascular 
disease (CVD) mortality and posed the question as to why these 
events occurred [5]. Was the damage that resulted in CVD and death 
related to the postprandial glycemic effects of carbohydrate foods in, 
for example glycating proteins? Or was it instead the effect of their rate 
of absorption on intestinal blood flow and postprandial hypotension 
or was it both? 

Postprandial Hypotension and Tachycardia 
We propose that postprandial hypotension (PPH) and associated 
tachycardia induced by a high GI diet may be one of the factors 
contributing to CVD (including fatal arrhythmias, thrombus 
formation, and strokes) associated with consumption of a high GI diet. 
Postprandial hypotension is defined as a fall of ≥20 mmHg in systolic 
blood pressure in the first 2 -hours after eating [6,7]. This frequently 
under-recognized phenomenon has been increasingly reported in the 
elderly, as well as individuals with hypertension, diabetes, Alzheimer, 
Parkinson and other autonomic dysfunctions [8,9]. Furthermore, 
PPH which is most severe in the morning [8], is also associated with 
orthostatic hypotension and may lead to syncope, angina, and stroke 
[7]. This timing for response with breakfast and higher carbohydrate 
intakes.

A prospective cohort study with an elderly population across 4.7 years 
found PPH to be an independent predictor of all cause-mortality rates 
increased risk of syncope, angina, stroke and death [10,11]. Therefore, 
there is evidence indicating the dangers of postprandial hypotension. 

Possible Causes 
a. Acute effects: Possible factors that may increase the risk include 

autonomic neuropathy as in diabetes with impaired sympathetic 
compensation for meal induced increased splanchnic blood flow 
(mesenteric steal). It is also seen with increasing age, together 
with impaired baroreceptor reflex activity, insulin induced 

vasodilation, impaired peripheral vasoconstriction and the 
secretion of vasodilatory gastrointestinal polypeptides [7]. 

b. Chronic effects: We believe that the damage to nerves and arteries 
that leads to vulnerability to postprandial hypotension may be in 
part the result of increased oxidative damage. Such damage may 
result from large glycemic excursions as seen on high glycemic 
index diets. Following this damage as seen with aging, diabetes, 
prediabetes, and hypertension etc., the autonomic nervous system 
damage renders the individual vulnerable to acute effects of 
postprandial hypotension and associated tachycardia. 

We see this process as having two stages leading to increased CVD 
risk. First, rapidly absorbed carbohydrate foods (high GI) increases 
oxidative damage to the autonomic nervous system. Then the 
subsequent postprandial hypotension may precipitate the following 
events: syncope, stroke, angina, myocardial infarction, arrhythmias, 
and heart failure. 

Oxidative Stress as the Initial Insult from High GI 
Diets
High GI foods are associated with increased postprandial glucose 
responses, which cause increasing fluctuations in blood glucose 
throughout the day. Furthermore, the mean amplitude of glycemic 
excursion (MAGE) has been associated with increased oxidative stress 
[12], which in turn has been associated with an increased risk of CVD, 
possibly related to oxidative damage to lipids, proteins, and enzyme 
systems (e.g., through oxidation of the LDL particle, ultimately 
increasing its atherogenicity and uptake into the arterial wall by the 
scavenger system, leading to plaque formation) [13,14]. Of the many 
markers of oxidative damage, one of the most robust and stable is 
8-iso-prostaglandin F2alpha (8-iso-PGF2α), which is the oxidative 
product of arachidonic acid. The production of 8-iso-PGF2α has been 
shown to increase with increasing MAGE, and its urinary output 
correlates well with the magnitude of glucose excursions [12]. 

BMI as a Risk Factor 
Research has suggested that those with a higher body mass index 
(BMI), specifically obese individuals defined as having a BMI of >30kg/
m², tend to suffer with a significantly greater drop in postprandial 
blood pressure in comparisons with non-obese individuals [15]. 
Furthermore, a study involving elderly patients demonstrated that 
both higher BMI and postprandial hypotension increased the risk of 
developing CVD [16]. It is possible this greater drop in blood pressure 
may be due to autonomic dysfunction and subsequent reduction of 
sympathetic tone in obese individuals [15]. 

As stated previously, autonomic dysfunction is known to be associated 
with diabetes - a disease that may result from obesity. Additionally, the 

Abstract: High glycemic index diets have been associated with an increased risk of cardiovascular disease events and all-cause 
mortality. We suggest that part of the reason for this association is through the effect of the rapidly digested high glycemic index 
carbohydrate diets in promoting the effects of postprandial hypotension in vulnerable individuals.

Postprandial hypotension has been recognized as a problem especially affecting the frail elderly. The phenomenon occurs earlier 
in the day and includes syncope and falls acutely and more serious cardiovascular events and increased all-cause mortality in the 
longer-term. The mechanism appears to relate to the rapid digestion of carbohydrates foods. Strategies that reduce the amount of 
meal carbohydrates and their rate of absorption by enzyme inhibition or by delaying gastric emptying and have proved helpful as has 
increased fluid intake, presumably due to dilution of small intestinal contents and a reduction in the tonicity, so reducing the need for 
intestinal fluid secretion to dilute osmotically active sugars and products of digestion. In this way the need for increased blood flow 
to the gut can be reduced, that would otherwise steal blood from the systemic circulation resulting in a drop in blood pressure and an 
increase in heart rate. Slowly absorbed or low glycemic index carbohydrates would therefore appear potentially useful as part of the 
dietary strategy for the treatment of postprandial hypotension and conversely postprandial hypotension could be one of the reasons 
why high glycemic index diets have been associated with increased CVD risk.
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glycemic index appears to apply most strongly to those with a higher 
BMI [17]. Theoretically, these factors would put obese individuals at 
a greater risk of post prandial hypotension and consequently CVD. 
However, there has not been sufficient research in this area to verify a 
link between the two. 

Acarbose, as a Drug Model for the Effects of Slow 
Absorption on Diabetes and CVD
Acarbose is the drug model for a low glycemic index diet. By reducing 
the rate of digestion and absorption of carbohydrate, it effectively 
converts diets with normal to higher glycemic index diets into low 
glycemic index diets. Acarbose has been also shown to reduce the 
development of diabetes and also CVD in the STOP NIDDM (Study to 
Prevent Non-Insulin-Dependent Diabetes Mellitus) trial by 49% [18]. 
This effect of Acarbose did not reach significance in a large study in 
China [19]. However, in that study 66% of the participants were taking 
beta-blockers that would directly reduce postprandial tachycardia 
and so potentially obscure the potential benefits of the effects of 
Acarbose on postprandial tachycardia. In the STOP NIDDM trial, 
only 21% of participants were taking any form of cardiovascular drug 
[18] and in the recent cohort study [20] that showed the association 
of high GI diets with CVD death, only 4% of the participants were 
taking beta-blockers. Of particular interest in this respect is the meta-
analysis demonstrating the ability of Acarbose to reduce the risk of 
postprandial hypotension [18]. 

The Glycemic Index and Unanswered Questions
Our recent publication indicated a significant association in the 
PURE cohort between GI and cardiovascular mortality (HR 1.26, 
95% CI 1.12-1.41, P<0.001) [20]. When PURE study data were added 
to a recent WHO commissioned meta-analysis [21], a very strong 
association was seen. This finding poses the question of the mechanism 
(as discussed above) by which GI and CVD deaths are linked, thereby 
allowing logical preventive strategies to be developed. Together with 
cancer, CVD remains one of the two major causes of mortality in 
Western nations, with its rate rapidly rising in developing countries. 

As already discussed a high GI diet may increase the risk of CVD by 
several mechanisms. The same postprandial events that contribute to 
diabetes and prediabetes, also increase the risk of CVD. Ceriello and 
colleagues have suggested that increased free radical production results 
from large (MAGE) glycemic excursions and contributes to higher 
rates of insulin resistance [22]. In this respect, the measurement of 
8-iso-PGF2α, a marker of oxidative stress, has been shown to correlate 

with the mean amplitude of glucose excursions MAGE in type 2 
diabetes when measured with continuous glucose monitoring (CGM) 
throughout the day. This oxidation product of arachidonic acid has 
been shown to be increased by another prooxidant stress, namely 
cigarette smoking, that is associated with increased CVD risk [23]. 
Free radical damage to lipids, proteins, including lipoproteins have in 
turn been hypothesized as contributing to CVD [24]. Steinberg and 
colleagues, proposed the association between oxidized LDL particles 
and CVD over 20 years ago [25], and reviewed the accumulated 
evidence for the process whereby oxidized LDL was preferentially 
taken up by the scavenger receptors in the arterial wall, contributing 
to plaque buildup [26]. Such plaques have been considered to promote 
an inflammatory response [27]. Ridker showed in the CANTOS 
(Canakinumab Anti-Inflammatory Thrombosis Outcomes Study) 
trial that a reduction in inflammation is directly related to fewer CVD 
events (and reduced cancer deaths) in at-risk populations [28]. These 
long-term mechanisms may also link high GI diets with increased 
CVD risk. We believe that the acute post-meal effects of high GI foods, 
together with longer-term oxidative damage resulting from a high GI 
diet, both require further investigation.

Treatment OPTIONS
Reducing the total carbohydrate load, slowing the rate of digestion and 
absorption are all potential treatment options (Table 1) [29-34]. The 
symptoms can be relieved by somatostatin injection [7] that reduces 
the rate of gastric emptying and for similar reasons GLP1, used in 
diabetes treatment, will probably also work. In addition mealtime 
administration of Acarbose [35,36], the alpha glucosidase inhibitor that 
inhibits digestion and absorption not only of disaccharidases, sucrase 
and isomaltase, in the small intestine brush border but also pancreatic 
amylase in the gut lumen, has been shown to reduce postprandial 
hypotension [37]. By reducing the rate of breakdown and absorption 
of starch and disaccharide sugars, these alpha glucosidase inhibitor 
drugs effectively convert the diet into a low GI diet. With a reduced 
rate of small intestinal digestion and absorption of carbohydrate. The 
stimulus for vasodilation of the splanchnic bed is also reduced. In this 
way the transfer of fluid and gastrointestinal secretions to the lumen 
of the gut (Figure 1) from the vascular compartment is the need to 
all fluid to maintain the tonicity of the intraluminal small intestinal 
contents. Viscous fibers that are also known to delay gastric emptying 
(such as pectin or guar gum) and to reduce the rate of absorption and 
the risk of postprandial hypotension when mixed with the meal. In 
this respect low GI foods by virtue of the slower rate of digestion can 
therefore also be expected to reduce postprandial hypotension. 

Table 1: Pharmacological interventions for treatment of postprandial hypotension and the corresponding physiology.

Drug Dosage Route Schedule Results Proposed Physiology Adverse Effects References

GLP-1 agonists 0.9pmol/kg/min Intravenous 
infusion

Half hour 
before till 2 
hours after 
oral glucose

GLP 1 
attenuated the 
fall in SBP and 

DBP

GLP 1 decreases Superior 
Mesenteric Artery flow by 
slowing down the gastric 

emptying

None [29]

DPP 4 
inhibitors 

(Sitagliptin)
25mg Oral Just after 

waking up

Sitagliptin 
reduced the 
postprandial 
hypotension

DPP 4 inhibitors inhibit 
the metabolism of GLP 1 
and increase GLP 1 levels 
which delays the gastric 

emptying

None [30]

Guar gum 9g Oral With the 
meal

Guar gum 
significantly 
reduced the 
postprandial 
hypotension 

after oral glucose

Guar gum slows the gastric 
emptying and glucose 

absorption
None [31]
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Acarbose 50 or 100mg Oral
Once daily 
at breakfast 

time

Acarbose could 
significantly 
attenuate the 
decrease of 

postprandial 
SBP

Acarbose inhibits brush 
border disaccharidases and 
pancreatic amylase, thus, 
inhibiting postprandial 
splanchnic perfusion

Bloating 
Abdominal 
distension 
Diarrhea

[32]

Octreotide 0.5mcg/kg Subcutaneous 
injection

After 15 min 
of start of 
breakfast

Octreotide 
prevented the 
postprandial 
hypotension

Octreotide is a splanchnic 
vasoconstrictor and 

increases cardiac output

Gastrointestinal 
complaints e.g., 

diarrhea
[33]

Caffeine 100mg Oral After the 
meal

Caffeine 
attenuated the 
postprandial 
hypotension 
while sitting

Caffeine stimulates 
sympathetic nervous 

system, renin angiotensin 
system and also, blocks 
vasodilatory adenosine 

receptors in the splanchnic 
circulation

None [34]

Figure 1: Schematic representation of effects of rapid and slow digestion on the gastrointestinal tract indicating effects of rapid absorption in increasing 
the amount of osmotically active small molecular spices that draw in fluid to the lumen of the bowel from these splanchnic circulation and hence from 
this systemic circulation resulting in arise in pulse and fall in blood pressure (bottom of this figure).

Glycemic Index Studies Required 
Therefore, it is important to test foods with both high and low GIs to 
determine their effects on postprandial hypotension in both healthy 
and vulnerable individuals. Vulnerable individuals may include those 
with diabetes, autonomic neuropathy, decreased vasomotor control, 
and individuals of older age. Tests would determine the potential of 
foods with different rate if digestion to increase pulse and lower blood 
pressure (BP) after consumption. As mentioned it must be noted that 
there is a 49% increase in strokes occurring between the hours of 6 
am to 12 pm. This time period covers the post-breakfast period where 
high GI meals may have been consumed [38,39].

Conclusion 
There is significant evidence that high GI diets are associated with an 
increased risk of CVD and all-cause mortality. Such effects may relate to 
postprandial hypotension and tachycardia, induced by carbohydrate-
rich foods, especially those with a high GI. Simultaneously, waves 
of hyperglycemia from low GI diets will damage tissue proteins via 
glycation and oxidative stress, making individuals more vulnerable 
to the acute effects of postprandial hypotension and tachycardia. 
Therefore, we believe that individuals who take a higher GI diet 
increase their risk of experiencing cardiovascular events and all-cause 
mortality.
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