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Posturally induced vasoconstriction in diabetes
mellitus
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Abstract
In healthy subjects, standing elicits a
reduction in blood flow to the skin of the
foot. In adults with insulin dependent
diabetes this posturally induced response
is deficient, resulting in capillary hyper-
tension when the foot is in the dependent
position (that is, below heart level). Such
functional abnormalities of the micro-
circulation in diabetes may precede any
evidence of clinically detectable micro-
angiopathy. This study investigates the
posturally induced change in blood flow to
the skin of the foot in prepubertal and
postpubertal patients with insulin depen-
dent diabetes. Laser Doppler fluximetry
was used to assess the postural change in
blood flow at the pulp of the great toe.
Postural vasoconstriction (dependent flux
value/supine flux value X 100) was greater
after puberty in normal subjects (median
(range) 60-4 (7-0-164-9)% prepubertal v
20'5 (5-9-101.0)% postpubertal). Pre-
pubertal children with diabetes did not
differ from their healthy peers (69.8
(7.2-192-7)% with diabetes v 60*4 (7.0-
164-9)% controls); however postpubertal
children with diabetes had a significantly
impaired postural vasoconstriction (40.6
(7-9-140.2)% with diabetes v 20-5
(5-9.101.7)% controls).
Abnormalities in the normal reduction

of blood flow on standing occurred
in young postpubertal children with
diabetes, most of whom were free of
complications.
(Arch Dis Child 1994; 70: 22-26)

The occurrence of complications in diabetes is
greater after puberty than before, even in
subjects matched for duration of diabetes

and glycaemic control.'-3 However, functional
abnormalities of the microcirculation may
precede the development of such clinically
detectable complications; abnormalities of the
microcirculatory response of the skin of the
foot to local heating have been shown in young
patients with insulin dependent diabetes
without complications, and such abnormalities
even occur in prepubertal children.4

In healthy subjects, a change in posture from
lying to standing is accompanied by an
increase in the precapillary resistance in the
skin of the foot; the increase in capillary
pressure on standing is therefore less than
would be expected from the posturally induced
increase in hydrostatic pressure,5 and capillary
blood flow in the skin is reduced.6 The
posturally induced vasoconstriction appears
to be mainly caused by a local neurogenic
process,7 8 with smaller contributions from
local myogenic and central neurogenic
components.9 Modulation of the response by
changes in sex hormones is suggested by
observations that postural vasoconstriction is
impaired during the luteal phase of the men-
strual cycle, and in women taking combined
oral contraceptive steroids.10 Although the
exact mechanism of this impairment has not
been deduced, steroid hormones, including
oestrogen and progesterone, are known to
influence the vascular response to vasoactive
agonists." Whether postural vasoconstriction
is influenced by the hormonal changes which
accompany puberty is unknown.

Abnormalities in the skin blood flow res-
ponse to changes in posture have been found
in adult patients with insulin dependent
diabetes.'2 It has been argued that a dis-
turbance of this response and the resultant
capillary hypertension on standing may lead to
damage of the microcirculation, and may
also explain the greater than normal increase

Table 1 Clinical details of the patients and controls. Values are median (range) or number of subjects
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Age (years)
Vibration perception threshold (V)
Mean blood pressure (mm Hg)
Duration of diabetes (years)
Insulin (U/kg)
HbA, (%/6)*
No with albumin creatinine ratio
> 1-5 mglmmol

No with albumin excretion rate
>20 ,ug/min

No with retinopathy

Children with diabetes

Prepubertal
(n=23)

10-0 (5-5-12-2)
4-6 (3 0-9 5)

81-0 (63-2-93 7)
2-7 (0 01-9 8)
0-8 (0-2-1-3)
11-8 (8-4-14-9)

3

0

0

Controls

Prepubertal
(n=27)

9-3 (63-12-0)
4-3 (3 0-11-7)

76-2 (65 8-85-3)$

Postpubertal
(n=31)

15-9 (136-19-0)
5-8 (14-12-5);

83 5 (73.3-94.6)
6-2 (0-413-4)1
0-9 (0-31-3)t
11-5 (6-7-16-2)
2

2

Postpubertal
(n =22)

15-7 (11 6-18-5)
5-9 (3-4916-0)**

77-2 (68 7-92-5)11

*Normal range 5-4-7 8%.
Comparison with prepubertal children with diabetes: tp=<0 03; tp=<0 01; Sp=<0O005; lp=<0 02.
Comparison with postpubertal children with diabetes: 1p=<O-001. Comparison with prepubertal controls: **p=<0o005.
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23Posturally induced vasoconstiction in diabetes meUlitus

in capillary basement membrane thickness
observed in tissues sampled from the distal
lower limb in patients with diabetes.13 14
The aim of the present study was therefore

to assess whether postural vasoconstriction was
altered by puberty in healthy subjects and
furthermore to assess whether this response
was preserved in prepubertal and postpubertal
children with insulin dependent diabetes.

Patients and methods
Table 1 gives details of the patient and control
groups. Each child with diabetes was screened
for clinical neuropathy and microangiopathy.
The vibration perception threshold was deter-
mined as the mean of six readings on the pulp
of the great toes using a Biothesiometer (Bio
Medical Instruments, Newbury, OH, USA).
No significant difference was noted in the
children with diabetes compared with controls.
A timed overnight urine collection was

screened for microalbuminuria in 50 of the 54
children with diabetes; the remaining patients
refused to provide a urine sample. Albumin
was measured by an immunoturbidometric
method and the albumin creatinine concentra-
tion ratio (ACR) was calculated (urinary
albumin (mg/l)/urinary creatinine (mmol/1)). If
the screening ACR was greater than 1-5
mg/mmol, three timed overnight urine samples
were obtained to determine if the child had
consistently increased albumin excretion
(normal range of non-diabetic schoolchildren
0-15-1-64 mg/mmol). Twelve of the children
with diabetes had a screening ACR greater
than 1-5 mg/mmol; five of these had an ACR
persistently greater than this value; however,
only one of these five patients had an albumin
excretion rate greater than 15 ,ug/min in more
than one overnight urine collection. This
patient's albumin excretion rates were 42-7,
115'4, and 114-3 ,ug/min and he would there-
fore be categorised as microalbuminuric using
the criteria established for the adult diabetic
population. 15

Retinal examination was performed on each
of the children with diabetes by an ophthalmol-
ogist specialising in diabetic eye disease or by a

diabetologist. Eighteen of the children also had
retinal photographs taken using a non-midriatic
camera (Canon CR3-45 mm, Canon, Tokyo,
Japan). Only two adolescents with diabetes
showed any retinal abnormalities.
Each child was assessed for pubertal stage

using the criteria of Tanner; only those sub-
jects who were prepubertal (PIG1 (n=50) or

postpubertal (P5G5) (n=53) are included in
this analysis. In the diabetic group a blood
sample for glycated haemoglobin (HbA1 by
column chromatography; Biorad, Richmond,
CA, USA) was obtained at the time of the
study as part ofthe child's routine medical care

(normal range 5-47-8%). In all subjects blood
pressure was measured by the oscillometric
technique (Dinamap, Critikon, Tampa, FL,
USA) six times during the study (two periods
of three measurements recorded at one minute
intervals). The mean of the final two blood
pressure measurements after one hour supine

was taken as the subject's true blood pressure.
The study was approved by the local ethical

committee and consent was obtained from
each child and guardian after the nature of the
procedure had been explained.
The studies were conducted after a 30

minute period of acclimatisation in an environ-
mentally controlled room (22-0 ±0 4°C). The
red cell flux at the pulp of the great toe was
measured by laser Doppler fluximetry (Periflux
pf2b, Perimed, Stockholm, Sweden), initially
with the subject supine and the foot at heart
level and then for five minutes with the foot
passively lowered to 40 cm below the heart and
the knee bent. The change of blood flow with
posture in the children followed a similar time
course to that shown previously in adults - that
is, a flat plateau of blood flow was usually
reached during the first two minutes of depen-
dency. The postural vasoconstriction (PV)
response was calculated as a percentage from
the mean flux measured over the fourth and
fifth minute with the foot in the dependent
position (DF) divided by the mean flux
obtained in the final two minutes with the foot
at heart level (HF).

P
DF xoPV=HFX100

Biological zero - that is, the laser Doppler
signal remaining when an ankle cuff was
inflated to cause arterial occlusion - was sub-
tracted from the two flux values before the
postural vasoconstriction was calculated. The
temperature of the skin of the foot was con-
tinuously recorded using an adherent thermo-
couple (Comark Electronic, Littlehampton,
Sussex) at the pulp of the great toe.
The reproducibility of the method has pre-

viously been assessed by studying six men on
three separate occasions. Change in posture
reduced skin blood flow to 18-3 (4-5), 18-6
(3.1), and 19-2 (4.3)% (mean (SD)) of the
supine value respectively. In three postpuber-
tal subjects measured on two occasions more
than one year apart, the blood flow when the
foot was in the dependent position as a per-
centage of the basal flow was 12-9 and 12.0%
(subject 1), 10-7 and 3-4% (subject 2), and
5-9 and 11-3% (subject 3). In three young
prepubertal children measured on two occa-
sions more than one year apart (weight
change <3 0 kg), blood flow in the dependent
position as a percentage of basal flow was
40 0 and 43 3% (subject 1), 517 and 51-3%
(subject 2), and 30 5 and 25-9% (subject
3).

STATISTICAL METHODS
The data are presented as median (range).
Several of the variables showed significant
skewness or kurtosis, or both. Comparisons
between groups was by the Kruskal-Wallis
analysis of variance followed, where signifi-
cant, by Mann-Whitney U tests. Associations
between variables were assessed by
Spearman's rank correlation coefficient.

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.70.1.22 on 1 January 1994. D

ow
nloaded from

 

http://adc.bmj.com/


Shore, Price, Sandeman, Tripp, Tooke

Table 2 Data for the red cellflux at the pulp of the great toe with the foot at heart level, the toe pulpflux with the foot
dependent, skin temperature, and postural vasconstriction in prepubertal and postpubertal healthy children and children
with diabetes

Children with diabetes

Prepubertal

Red cell flux, foot at heart level (V)
Red cell flux, foot down (V)
Toe skin temperature (°C)
Postural vasoconstriction (%/o)

0-73 (0 1-3 0)
0-73 (0-01-3 1)

28-4 (22 2-33 9)
69-8 (7-2-192-7)

Controls

Postpubertal

0-12 (0 05-2 74)t
0-05 (0-01-3-8);

24-4 (21-0-33-6)t
40-6 (7-9-140-2)

Prepubertal

0-60 (0-04-34)
0 43 (0-03-2-1)

26-5 (21-5-33-9)
60-4 (7-0-164-9)

Postpubertal

0-12 (0.02-2.12)11
0 03 (0-01-068)*t

23-0 (20 9-33-3)
20-5 (5-9-101-7)**§

Comparison between diabetics and controls: *p<005; **p<0007. Comparison within groups v prepubertal peers: tp<0-01;
tp<O-001; Sp=0-0001; lp<0-005; llp=0 0005.
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Figure 1 Red cellflux measured at the pulp of the great toe
in prepubertal and postpubertal healthy children and
children with diabetes mellitus. Subjects were lying supine
with the foot at heart level. The median value of each
group is marked.

Results
With the subjects supine, the red cell flux and
skin temperature at the great toe did not differ
significantly in prepubertal healthy children
and in children with diabetes.

In the two groups, puberty was associated
with a marked reduction in resting red cell flux
(fig 1, p<0-001 prepubertal v postpubertal
children with diabetes; p=0-0005 prepubertal
v postpubertal controls) and skin temperature
(p<0-01 prepubertal v postpubertal children
with diabetes; p<0-005 prepubertal v post-
pubertal controls). There was no significant
difference in these two parameters in the post-
pubertal children with diabetes compared with
the controls.

In prepubertal children with diabetes and
prepubertal control children, the posturally
induced vasoconstriction was poor; indeed, in
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Figure 2 Postural vasoconstriction of the skin of the pulp of
the great toe in children with diabetes and healthy controls.
The median of each group is marked.

five control subjects and five children with
diabetes lowering the foot below the heart was
accompanied by no change or an increase in
blood flow instead of a reduction. Puberty was
associated with a marked improvement of the
postural vasoconstrictor response in healthy
adolescents (60-4 (7-0-164-9)% prepubertal v
20-5 (5-9-101-7)% postpubertal; p=00001).
In the adolescents with diabetes, however, the
improvement in the postural vasoconstrictor
response associated with puberty was less
marked (69-8 (7-2-192-7)% prepubertal v
40-6 (7.9-140 2)% postpubertal; p= 0-083)
and postural vasoconstriction was thus signifi-
cantly impaired compared with their healthy
peers (p<0-007; fig 2). In the two postpubertal
groups about half of the girls (7/15 controls;
11/19 children with diabetes) were in the folli-
cular phase of their menstrual cycle, and there
was no significant difference in the mean day of
the menstrual cycle in the two groups (p=0-9).

In the group of prepubertal children with dia-
betes, the postural vasoconstriction response
was related to HbAl (rs=0 51; p=0-018), skin
temperature (rs=0-63; p=0-001), and systolic
and diastolic blood pressure (rs=0 50, p=0-02,
systolic blood pressure; rs=0-45, p<005 dia-
stolic blood pressure; there was no association
with duration of diabetes (r,=0-089) or insulin
(rs= 0-064). These findings differ from those
in prepubertal healthy children in whom
postural vasoconstriction does not correlate
with skin temperature (rs=0-015), or systolic or
diastolic blood pressure (r,=-0-3575, p=0 07
systolic blood pressure; r,=0- 14 diastolic blood
pressure.

In the postpubertal subjects with diabetes
there was a weak association of postural vaso-
constriction with skin temperature (rs=0-35;
p=0 052), but there were no other significant
associations rs=-0 01 HbAl; r,=0- 12 systolic
blood pressure; rs=0-27 diastolic blood pres-
sure; rs=0-07 duration of diabetes; rs=0-08
insulin; rs=0-033 day of menstrual cycle).
Postural vasoconstriction showed no signifi-
cant association in the healthy postpubertal
group (rs=-0-02 skin temperature; r5=-0-016
systolic blood pressure; rs=-0-015 diastolic
blood pressure; rs=-0-35, p=0Q2 day of
menstrual cycle).

Discussion
This study shows that, in healthy subjects, the
vasoconstriction of the skin of the great toe,
induced by placing the foot below heart level,
is improved with passage through puberty. In
healthy adolescents, as in healthy adults, the
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blood flow with the foot in the dependent posi-
tion was reduced to about one quarter of the
supine value.9 The growth spurt accompany-
ing puberty would increase the venous pres-
sure of the foot during standing and thus the
hydrostatic stress on the microcirculation of
the foot. Improvement in this protective pos-
tural vasoconstrictor mechanism at puberty
would serve to minimise the increase in foot
skin capillary pressure during standing and
hence limit the formation of oedema.5
Whether the change in the sensitivity of the

postural vasoconstrictor response to a standard
change in pressure induced by puberty is due
to a change in the detection of, or an enhanced
response to, the stimuli, cannot be deduced
from this study. The hormonal changes which
accompany puberty may be associated with
significant alterations in the vascular reactivity
to vasoactive agents and thus the response of
the venoarteriolar reflex.'6 17

Indirect heating of the body trunk in adults
results in an impairment of the postural vaso-
constrictor response at the pulp of the great
toe.'8 Under these circumstances the thermo-
regulatory control of the body overrides the
hydrostatic control mechanisms. The initially
high basal metabolic rate, mouth temperature
and, in our study, skin temperature in pre-
pubertal children decreases with the passage
through puberty.'9 20 The improvement in the
postural vasoconstrictor response maybe
related to this reduction in thermoregulatory
load.

This study also shows that the postural vaso-
constrictor response is abnormal in adolescents
with diabetes. Prepubertal children with dia-
betes showed a poor postural vasoconstrictor
response, which did not differ significantly
from that of their healthy peers. Interestingly,
the postural vasoconstrictor response was
closely associated with skin temperature in pre-
pubertal children with diabetes but not in
controls, despite equivalent temperatures in
the two groups. This may represent an increase
in sensitivity in the thermoregulatory control of
the blood vessels in prepubertal children with
diabetes. Postural vasoconstriction was also
associated with HbAl and blood pressure in
prepubertal patients with diabetes, whereas, in
contrast, blood pressure was not significantly
related to postural vasoconstriction in pre-
pubertal or postpubertal control subjects or
postpubertal children with diabetes. These
findings raise the possibility that subtle abnor-
malities of the postural vasoconstrictor
response may be occurring even in young
patients with diabetes of short disease duration.
The improvement in postural vasoconstric-

tion which normally accompanies the passage
through puberty was less marked in the dia-
betic group, with the result that the response
was significantly impaired in adolescents with
diabetes compared with controls. This abnor-
mality in microvascular control occurred
before the emergence of clinically detectable
microvascular complications in most patients.
The cause of the abnormal postural vasocon-
striction is uncertain. It is unlikely to be related
to glycaemic control or duration of diabetes as

no significant associations were found between
postural vasoconstriction and glycaemic con-
trol in the postpubertal group, or between
duration of diabetes and postural vasoconstric-
tion in either diabetic group.

Possible explanations for the deficient
postural vasoconstriction in adolescents with
diabetes include an abnormal response of the
blood vessels to either the increase in intra-
vascular pressure or the posturally induced
increase in sympathetic discharge; such altered
responsiveness may be due to abnormalities of
the endothelial or vascular smooth muscle cell
function, several of which have been described
in experimental and human diabetes2'-31;
however, vascular abnormalities in uncompli-
cated diabetes are less well documented.32 33
Thickening of the capillary basement mem-
brane occurs in adolescents with diabetes,
particularly those with poor control; this may
alter the response to stimuli although the
vasodilatory capacity of the skin appears to be
more affected than vasoconstriction.3435
Subtle abnormalities in nervous function occur
early in diabetes36 and may also influence the
postural vasoconstrictor response.

In patients with diabetes with severe hyper-
glycaemia and ketoacidosis, the resting
metabolic rate is increased37; improvement of
glycaemic control returns the resting metabolic
rate to normal levels.37 38 Food or stress
induced thermogenesis is, however, increased
in patients with diabetes38 and, together with
the metabolic rate changes which accompany
normal puberty, may influence the postural
vasoconstrictor response in diabetes. None of
the subjects in our study had hyperglycaemia
or ketoacidosis. The basal metabolic rate was
not measured in this study; however, skin
temperatures did not differ significantly in the
two postpubertal groups. If thermogenesis was
increased in our postpubertal diabetic group,
we might expect an impaired postural vasocon-
striction as an experimental increase in body
temperature, by heating of the body trunk, has
previously been shown to cause impairment of
postural vasoconstriction measured at the pulp
of the great toe. 18

In conclusion, in children with diabetes
passage through puberty does not appear to be
associated with the acquisition of an enhanced
adult postural vasoconstrictor response as
observed in healthy children. The likely result
of this abnormality is that the microcirculation
of the foot will be exposed to greater hydro-
static stress. Similar haemodynamic abnor-
malities emerging in other microcirculatory
beds at puberty may explain, at least in part,
the accelerated rate of accrual of diabetic
microangiopathy at this stage of development.
This work was supported by the Wellcome Trust, the Devon
Northcott Foundation, and the British Diabetic Association.
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