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Postprandial hypotension is an important hemodynamic abnormality in diabetes mellitus, but few
reports are available on the relationship between autonomic dysfunction and postprandial hypotension.
Ten diabetic patients and 10 healthy volunteers were recruited for this study. Postural blood pressure
and heart rate changes were measured before lunch, and then the hemodynamic responses to a stan-
dardized meal were investigated. Holter electrocardiogram (ECG) monitoring was conducted for
assessing spectral powers and time-domain parameters of RR variations. Postural changes from the
supine to the upright position decreased the systolic blood pressure of the diabetics from 133 +16 to
107 + 20 mmHg (p <0.01), but did not decrease the systolic blood pressure of the controls. The heart
rate remained constant in the diabetics but was increased in the controls. Food ingestion decreased
systolic blood pressure in the diabetics, with a maximum reduction of 25 +5 mmHg. This decrease
was not associated with any changes in the ratio of low frequency to high frequency, and yet the heart
rate remained almost constant. Indexes involving parasympathetic tone were not affected. Food
ingestion did not affect blood pressure in the control group. These findings suggest that lack of com-
pensatory sympathetic activation is a factor contributing to postprandial hypotension in diabetics, and
that parasympathetic drive does not make a significant contribution to this condition.
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P ostprandial hypotension, like postural hypoten-

sion, is an important hemodynamic manifesta-
tion of diseases affecting the autonomic nervous sys-
tem. A decrease in systolic blood pressure of about
20 mmHg after a meal has been reported in up to 36 %
of elderly nursing home residents [1]. This decline is
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usually asymptomatic, but sometimes may lead to
symptoms which include dizziness, light-headedness,
blunted vision, visual loss and syncope. In addition, a
recent investigation demonstrated that an elderly per-
son with profound postprandial hypotension is at
higher risk for a future fall, syncope, coronary event,
stroke and total mortality [2]. Autonomic dysfunction
is commonly documented in patients with diabetes mel-
litus, and a pressure decrease after eating appears
often in such patients [3]. However, there have been
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few reports on the relationship between autonomic
nervous function and postprandial hypotension.

The objective of the present study was to evaluate
the role of autonomic dysfunction in blood pressure
and heart rate changes induced by food ingestion in
diabetic patients.

Materials and Methods

Patient selection. Postprandial changes in
blood pressure and heart rate were studied in type 2
diabetic patients. Fifty two consecutive patients who
entered the Iwakuni Clinical Center of the National
Hospital Organization for the treatment of diabetes
mellitus were recruited for this study. All patients
suffered from diabetes mellitus for more than 5 years,
and the blood glucose level at the time of the study was
controlled fairly well in all patients. Selection criteria
for the study included: 1) no clinical signs of auto-
nomic neuropathy - including impotency, diabetic diar-
rhea, or gustatory sweating -other than postprandial
hypotension; 2) no history of taking antihyper- or anti-
hypotensive drugs within 2 weeks before the study; 3)
no history of syncope; 4) no history of a symptomatic
cerebrovascular accident; 5) no history of ischemic
heart disease and clinical heart failure; 6) normal
sinus rhythm. Patients who manifested pulmonary
disease or renal failure were also excluded from this
study. Cardioactive drugs including digitalis, diuret-
ics and anti-anginal agents were not administered in
any of the patients, while insulin and/or oral antidia-
betic agents were continued during the investigation.
The patients abstained from caffeine ingestion and
smoking for 12 h before the study. Ten healthy volun-
teers, 4 men and 6 women, were recruited as con-
trols.

All subjects signed an informed consent form
before the study. The study protocol was approved by
the institutional review boards at the Iwakuni Clinical
Center.

Hemodynamic study.  The subjects were asked
to rest quietly in bed for at least 30 min before the
test. At around noon basal blood pressure and heart
rate were measured twice in the supine position with
an interval of 10 min between measurements (the first
basal data). After taking the first basal data, the sub-
jects were asked to stand quietly beside their bed. The
measurements were repeated just after standing and

Acta Med. Okayama Vol. 61, No. 4

5 min later, while the subjects remained standing.
The subjects were then allowed to have a 10-min bed
rest, and supine blood pressure and heart rate were
again measured at 5 and 10 min after the conclusion of
the bed rest period (the second basal data). After the
second basal data were obtained, the patients were
served a standardized 400-kcal meal {20 g of protein
(21%), 10 g of fat (23%), and 55 g of carbohydrate
(56%)}, and were requested to eat for over 15 min in
a sitting position. Then, the subjects were asked to
remain quietly in their beds for 180 min. The mea-
surements were repeated in the supine position at 30,
60, 120 and 180 min after the end of the meal.

RR variability study. Holter electrocardio-
gram (ECG) monitoring was performed within a week
of the hemodynamic study. A Fukuda-Denshi series
FM150 recording unit was used. All tracings were
recorded with 2 bipolar leads of CM5 and NASA.
The subjects rested in bed for at least 30 min and then
were served the standardized lunch described above
for the hemodynamic study. After the lunch, the sub-
jects remained in bed for 180 min. Recordings began
at about 60 min before the meal and lasted for 4 h.

Parameters for heart rate variability were ana-
lyzed using a commercially available software program
(HPS-RRA; Fukuda-Denshi, Tokyo, Japan).
Spectral indexes of heart rate variability were com-
puted by fast-Fourier transformation in 30-min seg-
ments. The following frequency-domain measures were
assessed: 1) low frequency (LF) (0.039 to
0.148 Hz); 2) high frequency (HF) (0.148 to
0.398 Hz); and 3) ratio of low frequency to high fre-
quency (LF/HF ratio). The LF and HF measures
were reported as their natural logs (In). Three addi-
tional time-domain parameters were also derived: 1)
SDRR (standard deviation of the RR interval); 2)
CVRR (coefficient of variance of the RR
interval); and 3) RR50 (number of the RR interval
differing from the preceding RR interval by more than
50 msec).

Statistical analysis.  The data is expressed as
the mean + standard deviation (SD). Student’s i-test
was used to compare the data between the groups.
Analysis of variance with repeated measures was
applied for comparison of the measurements within the
group. If a significant difference was determined over-
all, a comparison was made at a prespecified time
interval using an unpaired i-test with Bonferroni’s cor-
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rection. A p value of =0.05 was considered signifi-
cant.

Results

Of the 52 consecutive patients who entered our
hospital during the study interval for the treatment of
diabetes, 12 subjects met the inclusion criteria. Two
of the 12 patients were excluded from analysis due to
the inadequate technical quality of their Holter
records. One patient of the remaining 10 subjects had
mild retinopathy and another 2 had mild proteinuria
with normal glomerular filtration rate.

The baseline characteristics of the subjects are
summarized in Table 1. There were no significant dif-
ferences in age, gender distribution, basal systolic
and diastolic blood pressure, heart rate, or renal
function between the diabetic and the control groups.
There was 1 habitual alcoholic in the diabetic group
but none in the control group. The incidence of alco-
holics was not different between the 2 groups. Two
patients received insulin and the other 8 were con-
trolled with oral antidiabetic agents. The fasting
blood glucose levels and serum HbA1lc concentrations
in the diabetic patients were slightly above the normal
ranges. Although an abnormally high serum level of
total cholesterol was observed in 3 diabetic patients
and the serum HDL cholesterol concentration was
below normal in 3 diabetic patients, the mean values

Table 1 Baseline characteristics of the subjects

Diabetics (n = 10) Control (n = 10)
Age (years) 61+ 11 59 + 12
Sex (M:F) 7:5 5:5
BPs (mmHg) 126 + 14 130 +12
BPd (mmHg) 72+6 75+5
HR (beat/min) 72+8 68+ 9
FBS (mg/dl) 133 + 14* 90+6
HbA1lc (%) 7.8+19* 54+12
AST (IU/1) 25+7 27+6
ALT (IU/1) 21+5 19+8
BUN (mg/dl) 16+7 15+6
CRTN (mg/dl) 0.92+0.16 0.90 +0.09

Data are expressed mean =+ standard deviation. *Significantly dif-
ferent from the control at a level of p <0.02. BUN, blood urea
nitrogen; BPd, diastolic blood pressure; BPs, systolic blood
pressure; CRTN, serum creatinine; FBS, fasting blood glucose;
HR, heart rate.
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of total cholesterol and HDL cholesterol were not
statistically different between the 2 groups.

Hemodynamic study. Fig. 1 depicts the
changes of blood pressure and heart rate of the 2
groups during the study. Along with the postural
change from the supine to the upright position before
the meal, 7 out of 10 diabetic patients exhibited a fall
in systolic blood pressure of =20 mmHg. On average,
in the 10 diabetics, systolic blood pressures declined
from 126 +14 to 101 +18 mmHg (p<0.01) in the
absence of manifest symptoms. No subjects in the
control group, however, had a pressure fall of more
than 10 mmHg after the postural change. The heart
rate increased significantly in the control group, but
not in the diabetic group. Since the second basal blood
pressures and heart rates were not significantly differ-
ent from the first basal data, the average of the 4
measurements of each parameter that were taken in the
supine position before the meal was used for the basal
data. The effects of food ingestion on blood pressure
appeared within 30 min after eating and persisted for
about 2 h. The maximum magnitude of systolic pres-
sure decline after food ingestion was similar to that
induced by the postural change: 24 + 8 mmHg vs. 25
+8mmHg (Fig. 2). In contrast to the diabetic
patients, food ingestion in the control group did not
alter blood pressure, but increased heart rate signifi-
cantly.

RR variability study. The records of the 10
diabetic patients and the 10 healthy controls were used
for analysis.

To evaluate the effects of food ingestion on the RR
variability, the measures of the RR variability were
analyzed for a 30-min period (30 to 60 min after the
meal) and the results are shown in Table 2. The data
points after the meal coincide with the time of maximal
blood pressure reduction in the diabetic group. Prior
to food ingestion, LLF and HF were significantly lower
in the diabetics than in the control group. LF/HF in
the diabetic group tended to be lower than that in the
control group, but the difference did not reach the
level of statistical significance. With respect to the
time domain parameters, significantly small SDRR and
CVRR were observed in the diabetics compared to the
controls. After eating, LF and HF remained almost
constant in the diabetics, resulting in no changes in
LF/HF, while LEF/HF of the healthy controls
slightly but significantly (p = 0.041) increased after the
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Fig. 1 Mean blood pressure and heart rate of patients with diabetes mellitus and healthy controls.

Systolic and diastolic blood pressures decreased in diabetic patients during the upright posture and after eating without significant changes
in heart rate. In the control group blood pressures as well as heart rates were not affected by food ingestion.

BPd, diastolic blood pressure; BPs, systolic blood pressure; DM, diabetes mellitus; Sup, supine position; Stand, standing position.
Significantly different from the tlaseline data of diabetic patients at the levels of **p < 0.01 and *p < 0.05, and from the baseline data of
healthy controls at the level of *p < 0.05. Diamond with a solid line (—¢—), systolic blood pressure in diabetics; rectangle with a dashed
line (--m--), systolic blood pressure in healthy controls; triangle with a solid line (—&—), diastolic blood pressure in diabetics; X with a
dashed line (--x--), diastolic blood pressure in healthy control; circle with a solid line (—@—), heart rate in diabetics; diamond with a
dashed line (--¢--), heart rate in healthy controls.
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E 0 1 The magnitude of pressure decline 30 min after eating was almost
identical to that after standing postural change. Significantly
different from zero change at the levels of ***p <0.001, **p <
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meal. The time domain parameters, i.e., SDRR,
CVRR and RR50, were not significantly influenced by
food ingestion in either subject group (Table 2).

Discussion

This study demonstrated that all diabetic patients
exhibited postprandial hypotension without any sig-
nificant changes in the measures of the RR variability.

Heart rate power spectral density contains major
components, reflecting respiratory arrhythmia (high
frequency, HF) and fluctuation in the cardiovascular
sympathetic system (low frequency, LF). It has been
established that cardiac vagal activity causes short-
term, respiration-related variations of the cardiac
cycle, while sympathetic modulation of the cardiac
cycle creates variations over longer periods. The
baseline width of the distribution curve of the RR
interval (SDRR and CVRR) has been used as an index
of heart rate variability in patients with myocardial
infarction [3J, and was found to be useful in assess-
ing parasympathetic nerve tone. All these studies
indicate that SDRR, CVRR and RR50, which are
used as time-domain indicators of heart rate variabil-
ity, represent the activity of the vagal nerve. In con-
trast to the magnitude of HF, which provides quanti-
tative and specific indexes of cardiac vagal nerve tone,
the LF represents sympathetic activity with vagal
modulation. Pagani et al. [4] demonstrated that the
LEF/HF ratio is a more sensitive and specific measure
of increased sympathetic drive, because the vagal
modulation affects LF significantly. Therefore, the
SDRR, CVRR, RR50 and the HEF were used in this
study as indexes of vagal nerve activity, and the LEF/
HF was used as an indicator of sympathetic nerve
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drive.

The analysis of heart rate variability before the
meal demonstrated that parasympathetic nerve func-
tion was impaired in the diabetics, because the mea-
sures of providing parasympathetic nerve tone, HF,
SDRR and CVRR, were significantly lower in the
diabetic group than the control. In contrast, the
insignificant difference of LF/HF ratio between the 2
subject groups suggested that little sympathetic dys-
function would appear before food ingestion in this
patient group. These findings were consistent with the
observations of Ewing et al. [5], who reported that
the parasympathetic involvement occurred in the ear-
lier phase of the disease, and then sympathetic
impairment followed.

Postprandial hypotension is frequently observed in
elderly persons [6, 7], and in patients with autonomic
dysfunction [8-10]. Lipsitz et al. [6] demonstrated
maximum declines of 25+ 5 mmHg (mean + SEM) and
24 +9 mmHg in systolic blood pressure in elderly
patients with and without histories of syncope,
respectively, while demonstrating that there were no
changes in blood pressure in young subjects. In this
study, 7 out of 10 diabetic patients (70%) showed a
systolic blood pressure fall of more than 20 mmHg
after the meal. The previous reported prevalence
rates of postprandial hypotension in diabetes have
varied over a wide range of 20% to 60%. Jones et al.
[11] reported that postprandial hypotension was evi-
dent in 7 out of 16 (44%) cases of recently diagnosed
NIDDM. Since our patients had a longer history of
diabetes (more than 5 years), they may have been
more likely to show autonomic dysfunction. Further,
most of the previous studies used 75 g of glucose as a
test-meal, whereas we supplied a standard meal (20 g

Table 2  Parameters of RR variability before and after the meal
mean RR SDRR RR50 LF HF
(msec) (msec) CVRR (/225 min) (msec?) (msec?) LF/HF
Diabetics Before meal 851 + 121 37 +16™* 4.40 +0.79** 0.7+11 180 + 66™* 96 + 29** 2.52+1.22
(n=10) After meal 869 + 122 42 +15%% 451 +0.89°% 11+16 196 + 74°%% 100 + 41°%% 2.40 +0.71°%%
Control Before meal 894 + 116 89+24 109+ 2.01 19+15 1543 + 879 493 + 188 3.29+1.48
(n=10) After meal 819 + 90 101+ 34 11.7 +3.42 16+14 3192 + 1098 486 + 285 7.58 +4.05%

Significantly different from the control before meal at the level o

f**

p<0.01, from the control after meal at a level of **p< 0.01, and from

the values of each group before the meal at a level of *p<0.05, mean RR, mean RR interval; SDRR, standard deviation of RR
interval; CVRR, coefficient of variance of RR interval; RR50, number of RR interval different from the preceding RR interval more than

50 msec; LF, low frequency; HF, high frequency.
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protein, 10 g of fat and 55 g of carbohydrate). This
difference in the test meals may have been responsible
for the higher prevalence of hypotension in our study.

In contrast to the increased LF/HF in the control
group, the LF/HF in the diabetics did not increase
after the meal in this study. This suggests an
impaired response of sympathetic activity to the meal,
even in cases where no apparent signs exhibiting sym-
pathetic involvement were observed before eating.
These findings were consistent with the study of Ryan
et al. [12], in which there was no significant increase
in LF after a meal in older subjects, even though the
investigations did not calculate the LF/HF. In the
present study, however, a standardized meal did not
affect the blood pressure of a healthy controls. An
associated rise in heart rate appeared to provide
adequate compensation against the blood pressure fall
by increasing sympathetic tone. The postprandial
increase in LF/HFE of the control group also sug-
gested that cardiac sympathetic tone was activated.
The cardiac vagal nerve did not play a significant role
in the blood pressure decline after food ingestion.
This was based on the finding that the parasympa-
thetic indexes of heart rate variability measured did
not change after the food ingestion in the controls as
they did in the diabetics. Hirayama and his associates
[13] demonstrated that in patients with peripheral
autonomic neuropathy, blood pressure decreased at
15 min after glucose ingestion but soon recovered with
a significant increase in heart rate and cardiac output.
In contrast, blood pressure reduction in patients with
multiple system atrophy continued more than 60 min
after glucose ingestion in the absence of increases in
heart rate and cardiac output. This suggests that the
patients with peripheral neuropathy had normal baro-
reflex arc to the heart and dysfunction of the periph-
eral sympathetic efferents. If the baroreflex arc to the
heart is impaired, a compensatory increase in cardiac
output and heart rate in response to the blood pres-
sure fall may not occur, and the postprandial hypoten-
sion will be prolonged. In the present study, the heart
rate variability of the diabetic patients revealed the
impaired sympathetic nerves to the heart, and long-
lasting postprandial hypotension was observed. This
result was consistent with the findings of Jones et al.
[11] and Hoeldtke and his associates [14], who
reported that food ingestion by patients with diabetic
neuropathy produced a prolonged blood pressure fall
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without a change in cardiac output and heart rate.

The magnitude of postprandial hypotension appears
to be dependent on the composition of the meal.
Ingestion of carbohydrates has been shown to have the
largest effect on blood pressure, while ingestion of fat,
protein, or water results in little or no pressure fall
[7, 15]. The test meal used in this study was com-
posed of 56% carbohydrate, 21% protein and 23%
fat. The composition of the test meal approximates a
standard meal for most Japanese people [16]. Under
this condition, the magnitude of the maximum fall in
blood pressure after food ingestion was almost identi-
cal on average to that induced by the upright postural
change. This finding suggests that ingestion of a stan-
dard Japanese meal constituted an at least equal risk
of cerebral ischemia as did postural hypotension for
elderly diabetic subjects.

The pathophysiologic mechanism of postprandial
hypotension is not fully understood. Although clarify-
ing this mechanism was not one of the goal of this
study, splanchnic blood pooling or other local intesti-
nal factors may be responsible for the hypotensive
effect of food ingestion in the presence of inadequate
baroreflex compensation. In the absence of effective
autonomic function, blood pressure becomes highly
volume-dependent [17]. When a person assumes an
upright position, 500 to 700 ml of blood is pooled in
the lower extremities and splanchnic circulation [1],
resulting in a reduction of cardiac output and blood
pressure secondary to reduced venous return to the
heart. It may be supposed that this amount of blood is
pooled in the splanchnic vascular bed after eating a
standard Japanese meal, because the maximum pres-
sure reduction after the meal was quite similar in
magnitude to that of orthostatic hypotension. A sig-
nificant correlation between postprandial and ortho-
static pressure drop could support this speculation.

Study limitation. The subjects of this study
were limited to mild, type 2 diabetic patients, aged
50-75 years, who did not manifest signs of autonomic
dysfunction except postural hypotension. Since the
hemodynamic responses to food ingestion depend on the
composition of food, age, level of basal blood pres-
sure [18], and degree of autonomic dysfunction, it is
hard to apply the present results quantitatively to the
different age groups and different levels of autonomic
dysfunction. In addition, only limited information on
postprandial hypotension can be interred from this
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study due to the very small number of subjects exam-
ined.

This study did not provide information on hemody-
namic changes induced by standing during the peak
period of postprandial hypotension. There have been
only a few reports [19-21] concerning the potentiat-
ing effect of food ingestion on postural hypotension.
The results of the previous reports were controver-
sial: 2 reports [19, 20] observed an additive effect of
food ingestion on orthostatic hypotension, while a
third report [21] did not. Further investigations are
needed to evaluate the additional effects of food inges-
tion.

References

1. Kapoor WA: Syncope and hypotension; in Heart Disease,
Braunwald ed, 5th Ed, WB Saunders Co, Philadelphia (1997) pp
863-876.

2. Aronow WS and Ahn C: Association of postprandial hypotension
with incidence of falls, syncope, coronary events, stroke, and
total mortality at 29-month follow-up in 499 older nursing home res-
idents. J Am Geriat Soc (1997) 45: 1051-1053.

3. Farrell TG, Bashir Y, Cripps T, Malik M, Poloniecki J, Bennett
ED, Ward DE and Camm AJ: Risk stratification for arrhythmic
events in postinfarction patients based on heart rate variability,
ambulatory electrocardiographic variables and the signal-averaged
electrocardiogram. J Am Coll Cardiol (1991) 18: 687-697.

4. Pagani M, Lombardi F and Malliani A: Heart rate
variability; disagreement on the markers of sympathetic and para-
sympathetic activities. J Am Coll Cardiol (1993) 22: 951-953.

5. Ewing DJ, Campbell IW and Clarke BF: The natural history of dia-
betic autonomic neuropathy. Q J Med (1980) 49; 95-108.

6. Lipsitz LA, Nyquist RP, Wei JY and Rowe JW: Postprandial
reduction in blood pressure in the elderly. N Engl J Med (1983)
309: 81-83.

7. Jansen RW, Penterman BJ, van Lier HJ and Hoefnagels WH:
Blood pressure reduction after oral glucose loading and its relation
to age, blood pressure and insulin. Am J Cardiol (1987) 60: 1087
-1091.

8. Robertson D, Wada D and Robertson RM: Postprandial alterations
in cardiovascular hemodynamics in autonomic dysfunctional states.
Am J Cardiol (1981) 48: 1048-1052.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Postprandial Hypotension in Diabetes 197

Mathias CJ: Effect of food intake on cardiovascular control in
patients with impaired autonomic function. J Neurosci Methods
(1990) 34: 193-200.

Alam M, Smith G, Bleasdale-Barr K, Pavitt DV and Mathias CJ:
Effects of the peptide release inhibitor, octreotide, on daytime
hypotension and on nocturnal hypertension in primary autonomic
failure. J Hypertens (1995) 13: 1664-1669.

Jones KL, Tonkin A, Horowitz M, Wishart JM, Carney Bl and
Green L: Rate of gastric emptying is a determinant of postprandial
hypotension in non-insulin-dependent diabetes mellitus. Clin Sci
(1998) 94: 65-70.

Ryan SM, Goldberger AL, Ruthazer R, Mietus J and Lipsitz LA:
Spectral analysis of heart rate dynamics in elderly persons with
postprandial hypotension. Am J Cardiol (1992) 69: 201-205.
Hirayama M, Watanabe H, Koike Y, Hasegawa Y, Kanaoke Y,
Sakurai N, Hakusui S and Takahashi A: Postprandial hypotension:
hemodynamic differences between multiple systemic atrophy and
peripheral autonomic neuropathy. J Auton Nerv Syst (1993) 43: 1-
6.

Hoeldtke RD, Davis KM, Joseph J, Gunozles R, Panidis IP and
Friedman AC: Hempdynamic effects of octreotide in patients with
autonomic neuropathy. Circulation (1991) 84: 168-176.

Jansen RW, Peeter TL, van Lier HJ and Hoefnagels WH: The
effect of oral glucose, protein, fat and water loading on blood
pressure and gastrointestinal peptides VIP and somatostatin in
hypertensive elderly subjects. Eur J Clin Invest (1990) 20: 192-
198.

Health Welfare Statistics Assoc: Amount of nutritional elements
for Japanese. J Health Welf Statist (1999) 46: 502-503 (in
Japanese).

Wagner Jr: Orthostatic hypotension. Bull Johns Hopkins Hosp
(1959) 105: 322-359.

Kohara K, Uemura K, Takata Y, Okura T, Kitami Y and Hiwada K:
Postprandial hypotension; evaluation by ambulatory blood pressure
monitoring. Am J Hypertens (1998) 11: 1358-1363.

Mathias CJ, Holly E, Armstrong E, Shareef M and Bannister R:
The influence of food on postural hypotension in three groups with
chronic autonomic failure; clinical and therapeutic implications. J
Neur Neurosurg Psy (1991) 54: 726-730.

Maurer MS, Karmally W, Rivadeneira H, Parides MK and
Bloomfield DM: Upright posture and postprandial hypotension in
elderly person. Ann Intern Med (2000) 133: 533-536.

Imai C, Muratani H, Kimura Y, Kanzato N, Takishita S and
Fukiyama K: Effects of meal ingestion and active standing on
blood pressure in patients > or =60 years of age. Am J Cardiol
(1998) 81: 1310-1314.



