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Transient impaired glucose tolerance in Pima Indians: Is it
important?
Mohammed F Saad, William C Knowler, David J Pettitt, Robert G Nelson, Peter H Bennett
Abstract
diagnostic of diabetes. Impaired glucose tolerance,
As part of a continuing epidemiological study of non- however, is an unstable state.4 Riccardi et al reported
insulin dependent diabetes among Pima Indians 154 that 34% of people with impaired glucose tolerance had
subjects who had had a transient impairment of normal glucose tolerance when tested again within two
glucose tolerance were followed up for 1*2-16X9 to four months.5 In several long term studies 24-53% of
(median 5.8) years after their glucose tolerance had people who initially had impaired glucose tolerance
returned to normal. Of these, 49 subsequently had normal glucose tolerance within 10 years of follow
developed diabetes; 26 subsequently developed up.6-9 Little is known, however, about the long term
impaired glucose tolerance; and 79 had normal outcome in people with only a transient impairment of
glucose tolerance at the last examination. The glucose tolerance. We report the outcome in 154 Pima
cumulative incidence of diabetes was 16% and 48% Indians who had transient impaired glucose tolerance
at five and 10 years of follow up respectively, and were followed up for 1-2-16-9 years after their
compared with 3% and 8% for a control group of 1245 glucose tolerance became normal.
members of the same population. After adjustment
Diabetes and Arthritis
for age, sex, body mass index, and plasma glucose
Epidemiology Section and
Epidemiology and Clinical
concentration two hours after glucose loading the Subjects and methods
We collected the data as part of a continuing
Research Branch, National incidence of diabetes among the subjects who had
Institute of Diabetes and
had transient impaired glucose tolerance was 3-0 epidemiological study of non-insulin dependent
Digestive and Kidney
times that among the controls (95% confidence diabetes among Pima Indians who live in the Gila
Diseases, National
interval 2-1 to 4*3). Proportional hazards function River Indian community in central Arizona. Subjects
Institutes of Health,
analysis indicated that obesity was the most are examined biennially from the age of 5. Each
Phoenix, Arizona 85014,
important predictor of subsequent development of examination includes a medical history, a physical
United States
examination, and a modified oral glucose tolerance test
diabetes.
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in
which a carbohydrate load equivalent to 75 g glucose
The
results
associate
suggest that transient impairment of
visiting
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glucose tolerance indicates, at least in some sub- is ingested after an overnight fast. In the early part of
chiefofsection
jects, a predisposition to diabetes and should not be the study only plasma glucose concentration two hours
David J Pettitt, MD, assistant considered clinicaily unimportant.
after glucose loading was measured. Since 1975 fasting
chiefof section
plasma glucose concentration has also been measured.
Robert G Nelson, MD, senior
We studied 154 subjects with transient impaired
stafffellow
Introduction
tolerance-that is, they had a plasma glucose
glucose
Peter H Bennett, MB, chief of
The category impaired glucose tolerance was intro- concentration two hours after glucose loading of 7-8research branch
duced in 1979' and subsequently adopted by the World 11 1 mmol/l; had had normal glucose tolerance (plasma
Health Organisation23 to include people who have glucose concentration at two hours <7-8 mmol/l) in all
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dions of circulating androgens and oestrogens and,
when the patients are anovulatory, by a relative
deficiency of progesterone. Progesterone has a stabilising effect on membranes. Perhaps reduced stability
of membranes in the muscle of the urethral sphincter
allows circuitous excitatory pathways between muscle
fibres to be established. The suggestion that progesterone deficiency is important remains speculative,
particularly because anovulatory menstrual cycles are
fairly common and this bladder disturbance is unusual:
the high levels of androgens in the polycystic ovary
syndrome are probably not important as this type of
activity has not been found in men, even young men
with unexplained obstructed voiding.
Electromyography of the urethral sphincter and
its interpretation require some skill; if this is not
available ovarian ultrasonography may contribute
useful information about the pathogenesis of otherwise
unexplained urinary retention in women.

Characteristics of subjects who had had transient impairment of glucose tolerance at time of subsequent
normal glucose tolerance*
Subjects who
Subjects who
subsequently
subsequently
developed impaired
developed diabetes glucose tolerance
(n=49)
(n=26)
Age (years)
No of women
Body mass index (kg/m)
Noobeset
Triceps skinfold thickness (mm)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Fasting plasma glucose (mmol/l)
Plasma glucose two hours after glucose

loadingt(mmol/l)

34
34
34-8
42
30 4
130
75
5-3 (n= 11)
62
4-4

Serum cholesterol (mmol/l)

46
16
30 7
17

25-8
127
78
5-5 (n= 13)
6-3
4-5

*Continuous variables were adjusted for age.

tBody mass index ¢27 kg/mi.
tMeans and p values were computed after logarithmic transformation (base e).
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Subjects who
continued to have
normal glucose
tolerance (n=79) p Value
32
51
30 3
46
23 5
123
70
5-3 (n=41)
5-8
4-3

0 003
NS
0-006
0 005
NS
NS
NS
NS

NS
NS
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FIG 1-Cumulative incidence of non-insulin dependent diabetes atfive
years in subjects who had had transient impairmnent of glucose tolerance
and controls (at third examination) according to age at beginning of
follow up. Numbers indicate numbers of subjects in each age group

function analysis (the PHGLM program).'4'5s This
analysis takes varying periods of follow up into
account. Variables were first tested individually and
subsequently analysed with the backward stepwise
procedure to define those most predictive of progression to diabetes. Several models composed of different
combinations of variables were studied. A quadratic
function for age was included because of the non-linear
relation between age and the incidence of diabetes in
this population.'16 All variables included in the different
models satisfied the proportional hazards assumption.
Results
Of the 154 subjects studied, 49 subsequently
developed diabetes 1-~2-14-6 (median 5 ~5) years after
their glucose tolerance returned to normal; 26 had
impaired glucose tolerance at their last examination
with a median follow up of 7 0 (range 2-0-15-0) years;
and 79 had normal glucose tolerance at their last
examination with a median follow up of 5*5 (range 1 ~616 9) years. The table shows the characteristics of the
three groups of sub jects at the beginning of follow upthat is, after their glucose tolerance had returned to
normal.
The cumulative incidence of diabetes was 16% and
48% at five and 10 years of follow up respectively for
the 154 subjects with transient impaired glucose tolerance and 3% and 8% respectively for the 1245 controls.
The controls were on average younger (mean (SEM)
age 20-0 (0 4) v 35 0 (1 5)) and less obese (mean body
mass index 26-0 (0 4) kg/in2 v 32-0 (O 6) kg/in2).
Figure 1 shows the age specific cumulative incidence of
diabetes at five years in the subjects with transient
impaired glucose tolerance and controls. After adjustment for age, sex, body mass index, and plasma
glucose concentration two hours after glucose loading
the incidence of diabetes among the subjects with
transient impaired glucose tolerance was 3 0 times that
among the controls (95% confidence interval 2 1 to
4 3).
Proportional hazards function analysis of pertinent
variables, determined at the time glucose tolerance was
impaired and after normal glucose tolerance had
returned, indicated that obesity was the most
important predictor of subsequent development of
diabetes. The higher the body mass index or the triceps
skinfold thickness the higher the incidence of diabetes.
Backward stepwise multivariate analysis showed that
only body mass index had a significant predictive value
1439
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nations, range one to seven), the most recent of which
was 0 9-3 9 (median 2 2) years earlier; and had normal
glucose tolerance in the subsequent examination
within 1 3-3 9 (median 2 2) years. They were followed
up for 1 2-16 9 (median 5 8) years after their glucose
tolerance had returned to normal to determine the
prognosis of this transient impairment of glucose
tolerance.
The subjects were divided into three groups according to changes in their glucose tolerance during the
follow up: those who developed diabetes (fasting
plasma glucose concentration :v7 8 mmol/l or plasma
glucose concentration two hours after glucose loading
11 1 mmol/l; those who had impaired glucose tolerance at the last examination; and those who had normal
glucose tolerance at the last examination. The end
point of the study for the first group of subjects was the
date of diagnosis of diabetes, whether this was made at
a biennial examination or as a result of a routine clinical
examination, and the end point for the other subjects
was the date of the last biennial examination.
The cumulative incidence of diabetes was estimated
for the subjects being studied and for 1245 members of
the same population (examined over the same period of
time) who had normal glucose tolerance at the first
three biennial examinations. The control subjects were
followed up for 1 4-19 5 (median 8-3) years after the
third examination.
The effects of several factors on the development of
diabetes were determined when impaired glucose
tolerance was present and at the subsequent examination when glucose tolerance was first recognised to
have returned to normal. These factors were age, sex,
body mass index, triceps skinfold thickness, blood
pressure, fasting plasma glucose concentration, plasma
glucose concentration two hours after glucose loading,
and serum cholesterol concentration. Body mass index
(weight (kg)/height (m)2) was used as a measure of
obesity. People with a body mass index ),>27 kg/m2
were considered obese.'0 Plasma glucose concentration
was measured by the modified method of Hoffman."
Serum cholesterol concentration was measured by the
method described by Block et al. 12
The logarithms of glucose concentrations were used
in the statistical analysis to normalise the distributions.
Statistical analyses were performed by programs of the
SAS Institute." Comparisons among the three groups
of subjects who had transient impaired glucose tolerance were performed by analysis of variance or the X2
method. Mean values of continuous variables for each
group were adjusted to the mean age of all subjects by
linear regression.
The cumulative incidence of diabetes was estimated
by the life table method (the Lifetest program)."3 The
effect of different risk factors on decompensation to
diabetes was evaluated by Cox's proportional hazards
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not associated with weight loss. On the contrary,
a small increase in the average body mass index
was observed (2 8 (08)%) (figure 2). Transient
impairment of glucose tolerance in some subjects may
be attributable to intrapersonal variation in glucose
tolerance,'8"" which is thought to be caused by
fluctuation in the absorption, distribution, and
utilisation of glucose,20 but this does not explain the
high incidence of diabetes observed in subjects with
this abnormality. We therefore postulate that a
transient impairment of glucose tolerance indicates, at
least in some subjects, a predisposition (possibly
genetic) to non-insulin dependent diabetes that is
manifested by occasional impairment of handling of a
glucose load.
Obesity, as measured by body mass index or triceps
skinfold thickness, was the most important risk factor
for the development of diabetes among subjects who
had had transient impaired glucose tolerance. Obese
subjects had 3 6 times the incidence of the disease
in non-obese subjects. Obesity plays a part in the
development of non-insulin dependent diabetes2- 23
and is associated with the development of hyperinsulinaemia and increased resistance to insulin. The
mechanisms of increased resistance to insulin in
obesity are thought to entail both receptor and postreceptor defects.2425 In addition, morphological
changes in muscle, particularly the enlargement of
muscle cells and the consequent reduction in capillary
supply to muscles, may contribute to the insulin
resistance associated with obesity.26 In genetically
predisposed subjects the increased demand for insulin
eventually leads to the development of non-insulin
dependent diabetes.
We conclude that subjects who have transient
impaired glucose tolerance are at higher risk of
developing non-insulin dependent diabetes than the
general population. Transient impairment of glucose
tolerance should not be dismissed as clinically
unimportant. Subjects with this abnormality may
benefit from interventions, such as advice on diet and
increased physical activity, which might delay or
prevent the development of diabetes.

FIG 2-Sequential changes in mean body mass index in subjects with
transient impairnent ofglucose tolerance during period ofstudy shown
according to their state at last examination

We thank members of the Gila River Indian community for
their cooperation; the laboratory and data processing staff of
the research branch for their technical help; and Charlene K
Gishie for typing the manuscript.

Discussion
Although their glucose tolerance reverted to normal,
subjects who had had transient impaired glucose
tolerance were at a higher risk of developing diabetes
than those who had not had this abnormality. The
cumulative incidence of diabetes at 10 years in the
subjects with impaired glucose tolerance was 48%. We
emphasise that this study was carried out in a population with the world's highest incidence of non-insulin
dependent diabetes.6 Nevertheless, the data indicate
that a transient impairment of glucose tolerance is a
marker for increased susceptibility to diabetes and
should not be dismissed as clinically unimportant.
The cause of the transient impairment of glucose
tolerance is not clear. Factors known to impair glucose
tolerance such as diabetogenic drugs, changes in body
weight or diet, and emotional or physical stress could
not be incriminated in most of the subjects in this
study.'7 Only 13 (8%) were taking drugs known to
impair glucose tolerance (thiazides and oral contraceptives) when impaired glucose tolerance was present. At
the time when impaired glucose tolerance was first
recognised the body mass index of subjects was 8 4
(SEM 1 0)% higher than it had been at the previous
examination, when glucose tolerance was normal.
Reversion to normal glucose tolerance, however, was
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when the other variables were taken into account. The
incidence of diabetes among obese subjects (body mass
index :s:27 kg/m2 after normal glucose tolerance
returned) was 3 6 times that among non-obese subjects
(95% confidence interval 1 -6 to 8 2).
Figure 2 shows the changes in body mass index
dvring the study in subjects who developed diabetes
compared with those who continued to have normal
glucose tolerance and those who reverted to having
impaired glucose tolerance. Throughout the study the
first group of subjects was significantly more obese
than the two other groups (p<OO1 by analysis of
variance at each time point). All three groups, however, showed a progressive increase in mean body mass
index during follow up.

23 Modan M, Karasik A, Halkin H, et al. Effect of past and concurrent body mass
index on prevalence of glucose intolerance and type 2 (non-insulindependent) diabetes and on insulin response: the Israel study of glucose
intolerance, obesity and hypertension. Diabetologia 1986;29:82-9.
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Metabolism 1984;33:772-7.
25 Amatruda JM, Livingston JN, Lockwood DH. Cellular mechanisms in
selected states of insulin resistance: human obesity, glucocorticoid excess,
and chronic renal failure. DiabetesMetab Rev 1985;1:293-317.
26 Lillioia S, Young AA, Cutler CL, et al. Skeletal muscle capillary density and
fiber type are possible determinants of in vivo insulin resistance in man.
7 Clin Invest 1987;80:415-24.
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Physical activity and calcium intake in fracture of the proximal
femur in Hong Kong
E Lau, S Donnan, D J P Barker, C Cooper
Abstract
In Hong Kong physical activity and calcium intake of
400 Chinese men and women with hip fractures were
compared with those of 800 controls. Daily walking
outdoors, upstairs, uphill, or with a load protected
against fracture. This was independent of cigarette
smoking and alcohol consumption. Higher levels of
reported activity in middle life were also protective.
Average calcium intake was around one quarter that
in Britain because of the low consumption of dairy
products. Differences in calcium intake depended
mainly on consumption of green vegetables and
small fish. High intake protected against hip fracture.
These findings point to the importance of maintaining daily physical activity and calcium intake in
urbanised Chinese populations.

Introduction
Hip fractures are an increasing public health
problem among elderly Chinese in Hong Kong. 2 This
population eats a traditional Chinese diet, which is low
in calcium, and urbanisation has reduced their physical
activity. The contribution of these two factors to the
rising incidence of fracture is unknown. We compared
calcium intake and activity in elderly Chinese men and
women with hip fractures and controls of similar ages.
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Patients and methods
The study group comprised 400 patients with
radiologically diagnosed hip fracture who were
admitted consecutively to the orthopaedic wards of two
main hospitals in Kowloon. Their activity and diet
were compared with those of two sets of controls.
Hospital controls comprised surgical inpatients from
the wards of the same hospital. No diagnostic groups
were excluded, and the first patient admitted after
the case of the same sex and within five years of age
was recruited. Community controls came from two
sources. For patients aged over 70 they were systematically sampled from a register for the old age allowance in
Shatin; for patients aged under 70 controls were
randomly selected from attenders at the Chinese
University general practice unit in Shatin. Community
controls were individually matched to the patients by
sex and five year age group. When a control refused to
participate a substitute was selected.
All patients in the study group and controls were
interviewed by one of two trained interviewers with a
structured questionnaire. They were asked about their
DECEMBER

1988

history of falling, cigarette smoking, and alcohol
consumption. The usual frequency of carrying out
various forms of weight bearing physical activity was
assessed by inquiring about the frequency of walking
outdoors, upstairs, uphill, and with a load during the
six weeks before admission to hospital. The frequencies
of walking uphill and with a load at around the age of 35
were used as indices of past physical activity. Current
calcium intake was assessed from the weekly frequency
of consumption of nine foods that contain calcium and
are commonly eaten in the Chinese diet. The intake
was calculated from the calcium content of each food,3
typical portion sizes, and the frequency ofconsumption
in a week. The results tended to underestimate the
total intake.
The data were analysed with a conditional multiple
logistic regression for matched case-control studies. As
the estimates of relative risk when patients in the study
group were compared with community controls were
similar to those obtained when they were compared
with hospital controls the two control groups were
amalgamated.
Results
Eighteen patients could not be interviewed because
of their poor mental state, and additional patients were
recruited to make up 400. The rate of response among
the controls was 90%. Table I shows the age and sex
distribution of the patients in the study group. There
were more older women, and the totals were 280
women and 120 men. Significant increases in the risk of
hip fracture were found in people who were current or
previous cigarette smokers (relative risk=1-3, 95%
confidence interval 1 0 to 1 -7), who consumed alcohol
daily (3 9, 2-3 to 6 7), and who had reported a fall
within the previous year (1 8, 1-3 to 2 5).
Table II shows the relation between current physical
activity and the relative risk of hip fracture. Among
women the risk was up to 2-1 times greater in those
who reported walking outdoors, upstairs, uphill, or
with a load less than once a day. After adjustment
for cigarette smoking and alcohol consumption the
TABLE i-Age and sex distribution ofpatients with hip fracture
Age (years)
<70
70-79
380
Total

Women

Men

54
108
118
280

47

45
28
120
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