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Pesiome

MocTtnpaHauansHas runotensus (MIT) ABASAETCA BaXKHbIM, HO HEAOCTATOYHO PacMoO3HABAEMbIM COCTOSAHMEM, BO3HMKAIOLMM B pe3y/ibTaTe HeajeK-
BaTHON KOMMEHCAaTOPHOW peaKLun CepfeyHO-CoCYAMCTOM CUCTeMbl Ha UHAYLIMPOBAHHOE MPYEMOM MWLM BUCLePanbHOe ckonneHne kposu. MIT
NpU3HaHa BaXXHOM KNIMHUYECKOW Npo6/1eMOI MOCKO/IbKY UMEET BbICOKYHO PaCpOCTPaHEHHOCTb B MONY/IALMUM CTapLUei BO3PaCTHOM rpynrbl U CBA3aHa
C pasBUTUEM CEPAEYHO-COCYAMNCTBIX OC/IOKHEHUI 1 FrepuaTpUYeCcKMX CUHAPOMOB. Bo3MOXHble naTodusmnonornyeckme mexaHusmsl MMT: nosbiweH-
HbI BUCLL@Pa/ibHbIVi KPOBOTOK; ociabneHve 6apopedieKTOpHOW GYHKLMM 13-3a HapYLIEHWIA, CBA3AHHBIX C BO3PAcTOM W/M BereTaTUBHOMN ANCHYHK-
LMel; HeaZleKBaTHaA aKTMBALMA CUMMATUYECKUX HEPBOB; HapyLUeHWe PeryaaLMmn Ba30aKTUBHBIX KULLEYHbIX NeNTUAOB; UHCYNH-ONOCpe0BaHHas
Basogunataums. Onpoc 0 CUMMTOMAX FMMOTOHUM MOC/IE NPUEMA MULLM U CHIKEHNE CUCTOIMYECKOrO apTepuanbHoro gasenus (AZ) Ha =20 MM pT.
cT. Yepe3 15- 60 MUHYT Noc/e e/Abl UMeeT NepBOCTENEHHOE 3HaYeHNe AR NOCTaHOBKM grarHosa MIMT. OgHo N3 0CHOBHbIX CTpaTeruii NpopuIaKTUKN
MMT ABAAETCA CHUXKEHWE PaCTsHKeHU eslyaKa (He6o/bLure NopLMY NULLM 1 6o/1ee YacToe NUTAHUE), OTAbIX /IEXKa Ha CrIMHE NOC/ie e4pl, ynoTpebiie-
HU1e 0CTaTOYHOr0 KONMYeCTBa BoAbl. X0ogbba noc/ie npueMa nuLu, No-BUANMOMY, Takxe noMoraeT BoccTaHoBUTb A/l nocse eabl. Heobxoanmo npo-
ABNATb OCTOPOXHOCTb MPU Ha3HaYeHUM 6€1KOBbIX A06aBOK Y MOXMUAbIX l0Ae, MOANUUKALMPOBATbL AVNETY MyTeM 3aMeHbl BbICOKONUTATE/IbHbIX MOA-
CnacTUTeNein HU3KOKaNopUiHbIMK (d-KCn03a, KCUAWUT, SPUTPUT, Ma/IbTO3a, Ma/IbTOAEKCTPUH 1 Taratosa). MeTGopMuH nam akap603a MOAYNMPYHOT
CepAeYHO-COCYANCTYIO PeaKLMI0 Y NaLMeHTOB C CaxapHbIM AabeToM, yMeHbLIaloT NOCTApaHANabHYI0 rMnoTeHsmio. Takum obpasom, MNIMT apnseTca
/0CTAaTOYHO PacNpOCTPAHEHHbIM M KAMHWUYECKN 3HaYUMbIM PEHOMEHOM Y NOXW/bIX 60/1bHbIX. [ToBbILIEHKE MHPOPMUPOBAHHOCTM Bpayeit O naTo-
du3nonorum n MeToaax ANarHOCTUKM, NPOPUNAKTUKN NO3BONNT NOBLICUTL 3P PEKTUBHOCTL 1 6€30MacHOCTbL BeJeHNA repuaTpUYecKmnX NaLmeHToB.

KnrodeBbie cnoBa: nocmnpaHouansHas 2unomeH3us, namogu3uono2us, noxunoli nayueHm, npoguaakmuxa naderuii
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Abstract

Postprandial hypotension (PPH) is an important but underrecognized condition resulting from an inadequate compensatory cardiovascular response
to meal-induced visceral blood pooling. PPG is recognized as an important clinical problem because it has a high prevalence in the older age group
and is associated with the development of cardiovascular complications and geriatric syndromes. Possible pathophysiological mechanisms of PPG:
increased visceral blood flow; weakening of baroreflex function due to disorders associated with age or autonomic dysfunction; inappropriate

245



246

LECTURES The Russian Archives of Internal Medicine ® Ne 4 e 2024

activation of sympathetic nerves; dysregulation of vasoactive intestinal peptides; insulin-mediated vasodilation. Ask about symptoms of postprandial
hypotension and a decrease in systolic blood pressure (BP) of 220 mm Hg. Art. 15-60 minutes after eating is of paramount importance for making
a diagnosis of PPG. One of the main strategies for preventing PPG is to reduce gastric distension (small meals and more frequent meals), resting on
your back after eating, and drinking enough water. Walking after eating also appears to help restore blood pressure after eating. Caution should be
exercised when prescribing protein supplements in the elderly, modifying the diet by replacing high-nutrient sweeteners with low-calorie sweeteners
(d-xylose, xylitol, erythritol, maltose, maltodextrin, and tagatose). Metformin or acarbose modulates the cardiovascular response in patients with
diabetes mellitus and reduces postprandial hypotension. Thus, PPG is a fairly common and clinically significant phenomenon in elderly patients.
Increasing the awareness of doctors about pathophysiology and methods of diagnosis and prevention will improve the efficiency and safety of

managing geriatric patients.
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AH — arterial hypertension, BP — blood pressure, DBP — diastolic blood pressure, PPH — postprandial hypotension, SBP — systolic blood pressure,
DM — diabetes mellitus, CVD — cardiovascular diseases, GLP-1 — glucagon-like peptide-1, GIP — glucose-dependent insulinotropic polypeptide

Introduction

Postprandial hypotension (PPH), a drop in systolic
blood pressure (SBP) of at least 20 mm Hg after meals,
is an important, but under-diagnosed condition, which
is a result of an inadequate compensatory cardiovascu-
lar response to meal-induced visceral blood accumula-
tion.

PPH is a recognised clinical issue due to its high inci-
dence in elderly population [1, 2]. PPH affects 24-33 %
of elderly people in care homes, 67 % of geriatric patients
and about 50 % of people with unexplained syncope [3].
In inpatient patients, the incidence of PPH is 30.4 % [4].
A meta-analysis (2024) of the data from 3,021 subjects
demonstrated that the PPH incidence in elderly people
was 40.5% [5]. PPH is most common in conditions
associated with vegetative dysfunction. For example, in
type 2 diabetes mellitus (DM) [6], the incidence of PPH
is likely to be higher than that of orthostatic hypoten-
sion [7].

Some authors suggested a correlation between PPH
and cardiovascular disease and mortality [8]. A prospec-
tive study in elderly population with AH showed that
83 % of patients admitted for PPH had cerebrovascular
damages [9]. A prospective 36-month study demon-
strated association between PPH and CVD development
(adjusted risk factor: 11.18, 95% confidence interval:
2.43-51.38, p = 0.002), which did not disappear even
after consideration of other variables [4]. The maximum
drop in postprandial blood pressure (BP) is an inde-
pendent predictor of later falls, syncope, cardiovascu-
lar events (myocardial infarction and stroke), and gen-
eral mortality [10, 11]. In a cohort study in 401 elderly
patients with outpatient AH, 72.8 % of subjects had PPH,
while falls after breakfast were the most powerful predic-
tor of deaths in this cohort [10].

Methods of Literature Source

Search

PubMed databases in Russian and English were used
for a full-text search (automated search of documents,
when a search is based not on document titles, but on
their contents, both the entire contents and its part) with
keywords (postprandial hypotension, elderly age, patho-
genesis, risk factors of postprandial hypotension), with
a 5-year period of time limitation (duplicate articles and
non-full-text articles were excluded).

Pathophysiology of PPH

The pathophysiology of PPH is multifactorial and is
understudied. PPH development points to an inadequate
cardiovascular response to meals, which is a result of
complex interactions between consumed nutrients and
gastrointestinal tract. There are convincing evidences
that gastrointestinal factors, such as meal composition,
nutrient delivery rates to the small intestine (i.e. stom-
ach emptying), nutrient absorption, are an integral part
of the postprandial blood pressure response. Possible
mechanisms of PPH (see Fig. 1):

1. Increased visceral blood flow

2. Reduced baroreflex function due to disorders

associated with the age or vegetative dysfunction

3. Inadequate sympathetic nerve activation

4. Inadequate regulation of vasoactive intestinal

peptides

5. Insulin-mediated vasodilation.

Healthy elderly people have more marked haemo-
dynamic reactions to meals vs. healthy young people;
higher, age-related noradrenaline levels are released,
which causes a more marked haemodynamic reaction to
meals, despite stable BP values (see Table 1).
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Figure 1. Postprandial hemodynamic response (model)

Abbreviations: GLP-1 — glucagon-like peptide 1, GIP — glucose-dependent insulinotropic polypeptide

Table 1. Age-dependent physiological and pathophysiological postprandial reactions

Young healthy Elderly healthy PPG
Heart rate T T T
Arterial pressure o eorl Ll
Norepinephrine in plasma o T ©
Vascular response to norepinephrine T oorl a3

Abbreviations: PPG — postprandial hypotension, T — increase, | — decrease, <> — no change.

It has been demonstrated that carbohydrates, fats and
proteins cause various haemodynamic reactions. For
instance, in elderly people with AH, oral carbohydrates
can reduce mean AH values faster than fats or proteins.
In healthy elderly people, intraduodenal glucose admin-
istration reduced SBP and DBP more rapidly vs. low-
calorie fat and protein, as well as led to a lower increase
in flood flow in the superior mesenteric artery, which is
an artificial indicator of visceral blood deposition as a
response to intraduodenal protein [13]. Variable haemo-
dynamic responses to macronutrients can be evidence
of differences in neurohormonal profiles. For instance,
fats vs. carbohydrates are a more potent stimulus for
the secretion of two incretin hormones: glucagon-like

peptide-1 (GLP-1) and glucose-dependent insulinotro-
pic polypeptide (GIP) [14].

The rate of nutrient delivery to the small intestine
is strictly controlled by gastric emptying, which is very
individual [15]. There are evidences that stomach emp-
tying is a major factor affecting response of the blood
pressure to meals. For example, postprandial drop in
SBP is higher when the stomach is emptied relatively
more rapidly, thus reflecting a stronger association
between nutrients in small intestine and visceral blood
accumulation [16]. However, the association between
intestinal emptying and postprandial BP is not linear;
in healthy elderly people, BP reduction increased
with a higher rate of intraduodenal glucose infusion
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from 1 to 2 kcal/min, but did not differ between 2 and
3 kcal/min [17].

Nutrient absorption in the small intestine also affects
the postprandial dynamics. Interventions, which inhibit
the rate of carbohydrate absorption in the small intes-
tine, such as intake of alpha-glucosidase inhibitors, acar-
bose, are associated with reduced visceral deposition of
blood and less pronounced drop in SBP in healthy elderly
people [13]. It has been demonstrated that exposure to
glucose in the duodenum results in a more marked SBP
reduction and more intensive blood flow in the superior
mesenteric artery vs. iliac artery, together with more
rapid glucose absorption, higher GIP release and lower
GLP-1 secretion [17].

After meals, the blood flow in the superior mesen-
teric artery doubles; and in healthy young people with
preserved baroreflex function, an increase in the visceral
blood flow is associated with an increase in the heart rate,
peripheral vascular resistance, systolic discharge, and
cardiac output. In patients with PPH, these compensa-
tory responses are inadequate, postprandial drop in BP is
more prominent, when stomach emptying is faster [18],
while distended stomach lowers PPH both in young and
elderly subjects [19]. Usually, a drop in the system blood
flow as a result of visceral vasodilation is compensated by
a combination of an increase in cardiac output resulting
from higher heart rate and/or systolic discharge, and a
higher systemic vascular resistance [8]. Cardiovascular
responses to meals involve numerous neurohormonal
mechanisms. Stomach distension after meals triggers a
gastrovascular reflex including stimulation of noradren-
aline secretion, which boosts sympathetic neural activity.
This response is often subsided in elderly people, espe-
cially those with PPH. Modulation of secretion or signal-
ling of these intestinal peptides can significantly affect
the blood pressure response to meals, bringing about
potentially new targets for PPH therapy [9].

PPH pathophysiology includes sympathetic dys-
function associated with vegetative neuropathy (e.g. in
Parkinson disease, DM and heart failure) and causing
reduced baroreceptor reflex. These patients are unable to
increase the heart rate in response to abrupt reduction in
BP when visceral blood flow increases as a result of post-
prandial vasodilatation of gastrointestinal vessels [20].

Intestinal peptides, especially GLP-1, GIP and soma-
tostatin, can significantly impact postprandial hae-
modynamic responses [21]. GLP-1 stimulates insulin
secretion, inhibits glucagon secretion and slows down
stomach emptying. It has been shown that GLP-1 infu-
sion mitigates BP drop after oral or intraduodenal glu-
cose administration.

Genetic susceptibility to postprandial BP dysregulation
remains understudied. Although some scientists demon-
strated correlation between polymorphism of beta-adren-
ergic receptor genes and orthostatic BP dysregulation in
patients with AH [22], additional studies are required to
characterise any PPH-associated genetic susceptibility.

Diagnosis of PPH

Asking about symptoms of hypotension after meals
is vital for correct diagnosis of PPH. Some patients may
have asymptomatic PPH; however, the most common
signs and symptoms of PPH are motive weakness, dizzi-
ness, delirium, syncope, falls, angina, nausea and vision
disorders; also, patients may be unable to stand or walk
after meals [22]. There is evidence of transient ischaemic
attacks in elderly patients, who had significantly reduced
postprandial BP, with the symptoms disappearing when
BP values return to normal. Cerebral symptoms depend
onor depend on the characteristics of cerebral hypoper-
fusion [3].

PPH is preferably diagnosed with outpatient BP
monitoring. Baseline BP and heart rate before meal
(after a 5-minute rest) are measured; BP and heart rate
are then measured every 10 minutes for about two hours.
Diagnostic reduction in BP (a drop in SBP by > 20 mm
Hg) is usually diagnosed 15 minutes after meals in 15 %
of patients with PPH and in 30-60 minutes in 70 % of
patients. During tests, there were no limitations in
food or caloric value; however, it might be preferable
to use low-carb test food because of the impact from
insulin-induced reactive hypoglycaemia. Intrasubject
reproducibility of PPH is quite high, therefore, a single
test is enough to diagnose this condition. Diagnos-
tic procedures performed in the morning can be more
efficient [22].

Risk factors of PPH

1. It has been demonstrated that delayed stomach
emptying with moderately distended stomach causes a
200 % increase in the sympathetic nervous system activ-
ity [23]. This activation of sympathetic signalling can be
efficient in the maintenance of postprandial BP. Abun-
dant meals are highly likely to cause a drop in BP as com-
pared to a light meal.

2. Fluid volume deficit in elderly can make patients
susceptible to PPH.

3. BP response to sweeteners is usually unchanged
in healthy young people; however, in elderly people, glu-
cose causes the highest drop in postprandial BP, whereas
response to sucrose is less pronounced [24].

4. The strategy, which becomes more common in
prevention or therapy of malnutrition, weight loss and
sarcopenia in elderly, involves consumption of high-
energy, protein-rich supplements [18]. Oral protein or
supplements rich in serum protein can lower BP to the
point, where some elderly people face the risk of fall. The
hypotensive effect of proteins is likely to be mediated by
amino acids produced during digestion; it can explain
the latent period and onset of changes in BP and heart
rate after protein load. Consumption of 70 g of a serum
protein drink is associated with a significant drop in BP
in healthy elderly males; the majority of elderly subjects
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had lower systolic BP (SBP) by 20 mm Hg or more, and
the highest drop was observed 2-3 hours after the drink
[25]. It is unclear whether the hypotensive effect of serum
protein drinks is dose-dependent in elderly people, and
whether serum doses below 70 g cause a significant drop
in BP [25].

PPH prevention

It is worth noting that currently there is no efficient
and safe PPH management strategy [6, 26]. Nevertheless,
several methods were proposed to reduce the PPH risk:

1. One of the main therapeutic strategies is elimina-
tion of distended stomach in order to delay digestion
products from entering the small intestine. Smaller por-
tions were associated with a drop in postprandial BP by
11-20 mm Hg [23]. Therefore, it is advisable to regulate
food intake in patients with PPH by consuming smaller
portions at smaller intervals.

2. Symptomatic patients should also rest after meals
lying flat on their backs, because standing or sitting tend
to have additional hypotensive effect [9].

3. Sufficient hydration also facilitates protective
stomach distension and delayed emptying: 350-480 mL
of water increases BP by 20 mm Hg in patients with veg-
etative insufficiency [13].

4. In elderly people, who consumed 60 mg of caf-
feine (in tea or coffee) five times a day, SBP was 4 mm
Hg higher without any impact on the baseline systolic
BP [13]

5. Walking is likely to help to restore BP after meals.
The mean blood pressure increased by 18 + 4 mm Hg
during exercises after the meal, but dropped 10 minutes
later to the pre-exercise level [24]. It means that exercises
after meals can be useful in preventing PPH.

6. Caution may be required when prescribing protein
supplements in elderly people, and their haemodynam-
ics should be monitored. Measures (e.g. standing posi-
tion) should be recommended to reduce harmful effects
of excessively reduced BP after meals. Diet modifica-
tions — replacing highly-nutritious sweeteners (glucose,
fructose and sucrose) with low-calorie ones (d-xylose,
xylitol, erythritol, maltose, maltodextrin, and tagatose)
and calorie-free sweeteners — can be a simple, yet effi-
cient PPH therapy.

7. Metformin modulates cardiovascular response to
intraduodenal glucose in patients with DM2 and reduces
postprandial hypotension. Mechanisms, by which met-
formin attenuates hypotension resulting from oral glu-
cose, needs to be identified [27].

8. It has been demonstrated that delayed stom-
ach emptying, e.g. consumption of food fibre or acar-
bose, slows down SBP drop after consumption of
carbohydrate-rich food in healthy elderly people and
DM2 patients [28]. Data from a meta-analysis (Wang B.,
2021) show that acarbose attenuates drops in postpran-
dial systolic and diastolic BP and is therefore efficient in

PPH prevention. Acarbose inhibits enzymes, which are
required to digest carbohydrates, reduces the amount
of carbohydrate products to the duodenum and poten-
tially delays stomach emptying. Moreover, inhibition
of enzymes required for carbohydrate digestion in the
stomach reduces release of intestinal peptides, such as
vasoactive intestinal peptide, which mediates visceral
vasodilation [29].

Conclusion

In spite of the common medical idea, the phenom-
enon of BP drops after meals is a common event, espe-
cially in elderly and old people. PPH is a clinically sig-
nificant event associated with the risk of cardiovascular
complications and geriatric syndromes (including the
risk of fall, osteoporosis, sarcopenia). Epidemiologi-
cal data show the low rate of PPH diagnosis in clinical
practice; at the same time, the condition can be easily
diagnosed, given the widespread introduction of outpa-
tient blood pressure measurements. Awareness-building
among medical professionals about pathophysiology and
methods for diagnosis and prevention can boost effi-
ciency and safety of geriatric patient management. Up-
to-date knowledge of prevention and account of respec-
tive individual features of the patient make it possible
to significantly enhance clinical efficiency and safety of
antihypertensive therapy and to improve the quality of
life for geriatric patients.
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