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Aluminium in Antacids and Cooking Pots and
the Risk of Hip Fractures in Elderly People
ROBERT G. CUMMING, ROBIN J. KLINEBERG

Summary
The relationship between hip fractures and aluminium in antacids and cooking pots was examined in an
epidemiological study in Sydney, Australia. A population-based case-control study was conducted and 416 men
and women aged 65 years and over were recruited (209 cases and 207 controls). There was a significantly
(p < 0.05) increased risk of hip fracture associated with use of aluminium cooking pots at age 20 years: the age-
and sex-adjusted odds ratio was 1.9 [95% confidence interval (CI) 1.1-3.2]. No association was detected between
risk of hip fracture and current use of aluminium cooking pots or use at age 50. There was some suggestion that
long-term use of aluminium-containing antacids might increase the risk of hip fracture: the adjusted odds ratio
comparing those who had used aluminium-containing antacids for more than 10 years with those who had never
used them was 1.8 (95% CI 0.8-4.1). The findings of this study support the need for further research on the
association between oral ingestion of aluminium and risk of hip fracture.

Introduction
There is evidence that the age-adjusted incidence of hip
fractures is increasing [1]. It has recently been
suggested that increasing exposure to aluminium
during the twentieth century might be part of the
explanation [2, 3]. This hypothesis has not been tested.

The main evidence that aluminium might increase
the risk of hip fractures comes from studies of patients
on renal dialysis. In 1977, Platts and colleagues noted
that home dialysis patients who lived in areas with a
water supply high in aluminium were more likely to
suffer fractures than patients living in other areas [4].
Subsequently, Ellis et al. showed that patients on renal
dialysis had higher levels of aluminium in their bones
than control subjects [5]. They also found that rats
given intraperitoneal injections of aluminium
developed osteomalacia. Robertson et al. have since
shown that aluminium administration results in
reduced bone formation in rats [6].

There have been no studies of the effects of
aluminium on the risk of hip fracture. Our aim in the
research described in this paper was to determine
whether or not there was any association between use of
aluminium-containing antacids and aluminium cooking
pots and risk of hip fracture. This research was part of a
recently completed epidemiological study of risk
factors for hip fracture in elderly Australians [7].

Subjects and Methods
The methodology for this case-control study is described in
detail elsewhere [7]. In summary, we tried to identify all hip

fracture cases occurring in a geographically defined popula-
tion in the western suburbs of Sydney, Australia, during
1990-91 and compared their exposure histories with those of
a random sample of people without hip fractures (controls)
from the same geographic area.

Cases were selected from the 12 hospitals that we identified
as treating patients with hip fractures who lived in the study
area. The majority of cases (75%) came from Westmead
Hospital, a 1000-bed teaching hospital.

Control subjects living in private homes in the community
were selected with an area probability sampling method. Ten
census collectors' districts (CDs) from the study area were
randomly selected by the Australian Bureau of Statistics
(ABS) and all dwellings in each CD were visited (a total of
2560 dwellings). We tried to interview all people aged 75 years
and over, as well as a 10% random sample of people aged 65-
74 years. Controls were also selected from nursing homes and
hostels. Six nursing homes and three hostels were selected at
random from nursing homes (n = 28) and hostels (n = 12) in
the study area. Five people aged 75 years or more were
selected at random from each selected nursing home and
hostel.

An interviewer-administered questionnaire was used to
measure exposures of interest. For people with cognitive
impairment or various other health problems, a shortened
questionnaire was used in an interview with a proxy
respondent.

Directly interviewed subjects were asked what their
cooking pots were made of at various times during their
life: age 20 years (when bone density is increasing);
age 50 years (when bone density is decreasing); and
at current age. The stewing of acidic fruits (such as rhubarb
and tomatoes) in aluminium pots leads to increased
aluminium content of these foods [8]; hence, subjects were
asked how often they ate stewed fruit at the three ages listed
above. Proxy respondents were asked a question about
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Table I. Selected characteristics of cases with hip fracture and
controls

Characteristic

No. of men
No. of women

Age group (years)
65-74
75-79
80-84
85-89
90-100

Residence
Community
Hostel
Nursing home

Proxy respondent needed

Cases
(n = 209)
No. (%)

35(17)
174(83)

41 (20)
37(18)
57 (27)
45 (21)
29 (14)

130 (62)
10(5)
69 (33)

84 (40)

Controls
(n = 207)
No. (%)

70 (33)
137(67)

35(17)
77 (37)
60 (29)
25 (12)
10(5)

166 (80)
14(7)
27(13)

30 (14)

frequency of eating fruit cooked in aluminium pots during
adult life.

Use of aluminium-containing antacids was assessed in all
subjects by inquiring about all medications that were
currently used. In addition, information on the name(s) and
duration of use of any antacid ever taken for more than 6
months was collected from directly interviewed subjects.
Antacids were then classified as aluminium-containing or not.
Most antacids used by subjects in this study contained
aluminium—92% of currently used antacids and over 80% of
antacids ever used.

The reproducibility of reports of use of aluminium pots and
many other exposures was tested in a random sample of 63
directly interviewed subjects (28 cases and 35 controls). These
subjects were re-interviewed 1-3 months after the original
interview. Details of the reproducibility study have been
published elsewhere [9].

Data analysis involved crude, stratified, and multivariate
methods to produce odds ratios for associations between hip
fracture and exposure to aluminium-containing products
[10]. Age and sex are known to be strong predictors of hip
fracture and so all results were adjusted for age and sex. Proxy
status was included in relevant analysis to minimize any
measurement bias due to use of proxy respondents. Multiple
logistic regression was used to assess aluminium-hip fracture
relationships while simultaneously controlling for several
confounding variables. The measurement of these confound-
ing variables is described elsewhere [7, 9].

Results
Four hundred and sixteen subjects participated in this
study: 209 cases and 207 control subjects. The response
rate was 96% for cases and 84% for controls. The age
distribution and some other characteristics of cases and
controls are shown in Table I. Proxy respondents were
required for 40% of cases and 14% of controls; most of
the results reported here are based on data from directly
interviewed subjects only (125 cases and 177 controls).

The main results for use of aluminium pots are
shown in Table II. There was a statistically significant
(p < 0.05) increased risk of hip fracture for those who
reported using aluminium cooking pots at age 20 years
(age- and sex-adjusted odds ratio 1.9). There was some
suggestion that aluminium pot users at age 20 who ate
stewed fruit regularly were at greater risk of hip

Table II. Adjusted odds ratios in directly interviewed study subjects for risk of hip fracture and use of aluminium cooking pots
and eating stewed fruit3

Variable

Regular use of aluminium pots
Age 20 years: No

Yes
Age 50 years: No

Yes
Current age: No

Yes

Fruit stewed in aluminium potsb

Age 20 years: < 1
1-6

3*7
Age 50 years: < 1

1-6
> 7

Current age: < 1
1-6

2=7

No. of cases

44
71
14

107
34
82

(times per week)
13
40
16
27
61
15
48
26
4

No. of controls

97
74
29

143
59
14

25
37
10
44
82
17
70
36

8

Adjusted odds ratios (95% CI)

1.00 (referent)
1.92(1.13-3.24)
1.00 (referent)
1.58(0.77-3.22)
1.00 (referent)
1.11 (0.65-1.90)

1.00 (referent)
1.44(0.56-3.67)
2.07 (0.67-6.45)°
1.00 (referent)
1.15(0.64-2.09)
1.42(0.55-3.65)
1.00 (referent)
1.09(0.54-2.21)
0.71 (0.18-2.90)

aOdds ratios are adjusted for age group and sex. CI denotes confidence interval. Only subjects who reported regular use of
aluminium pots are included here. cTest for trend: p = 0.24.
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Table III. Adjusted odds ratios for risk of hip fracture and use of aluminium-containing antacids11

Variable No. of cases No. of controls Adjusted odds ratios (95% CI)

All study subjects
Current use of aluminium-containing antacids

No 192
Yes 17

Directly interviewed subjects only
Regular use of aluminium-containing antacids (ever)

Never 80
1-2 years 8
3-9 years 11
3s 10 years 15

181
26

121
18
11
18

1.00 (referent)
0.73 (0.34-1.57)

1.00 (referent)
0.69(0.28-1.72)
1.64(0.62-4.38)
1.78(0.80-4.07'b

Odds ratios for directly interviewed subjects only are adjusted for age group and sex; odds ratios for all subjects are adjusted for
age group, sex and proxy status. CI denotes confidence interval. bTest for trend: p = 0.19.

fracture than aluminium pot users at age 20 who did not
eat stewed fruit (Table II). The adjusted odds ratios for
aluminium pot use at age 50 years and at current age
were not statistically significant. Adjusting for number
of years of education (a measure of social class) made no
difference to these odds ratios.

Proxy respondents were asked to estimate how often
the subject ate fruit stewed in aluminium pots during
his/her adult life. The adjusted odds ratio comparing
those who ate fruit stewed in aluminium pots more than
once a week and those who ate it less frequently was 2.6
(95% CI 0.9-7.1).

No relationship was apparent between current use of
aluminium-containing antacids and risk of hip fracture
(Table III) . There was some suggestion, however of an
increased risk of hip fracture with long-term regular use
of aluminium-containing antacids. The adjusted odds
ratio for hip fracture was 1.8 for those who had ever
used aluminium-containing antacids for 10 years or
more compared with those who had never used these
antacids. This association was not statistically signifi-
cant.

There were ten subjects in this study who had used
aluminium pots at all three ages studied and also used
aluminium-containing antacids for at least 10 years
(high aluminium exposure group). There were 13
subjects who had not used aluminium pots at any of
the ages studied and never used aluminium-containing
antacids (low aluminium exposure group). The crude
odds ratio for hip fracture comparing the high exposure
group to the low exposure group was 8.3 (95% CI 1.2-
55.1). The age- and sex-adjusted odds ratio was 6.3
(95% CI 0.8-48.7).

The association between aluminium pot use at age 20
years and risk of hip fracture persisted after adjusting
for multiple confounders (age, sex, alcohol, body mass
index, caffeine intake, cognitive status, dairy product
intake, health status, physical activity, psychotropic
drug use, and smoking) in a logistic regression model:
the adjusted odds ratio was 1.9 (95% CI 0.9-3.7).

However, the association between duration of use of
aluminium-containing antacids and risk of hip fracture
was greatly reduced after adjustment for the con-
founders listed above: the adjusted odds ratios were 0.9
(95% CI 0.3-2.7) for use for 1-2 years; 1.6 (95% CI
0.5-4.9) for use for 3-9 years; and 1.2 (95% CI 0.4-3.1)
for use for more than 10 years.

Based on repeat interviews with 63 randomly selected
subjects, the reliability of reported aluminium pot use
was only fair: kappas were 0.53 (age 20 years); 0.35 (age
50 years); and 0.47 (current age). The rank correlation
coefficients for frequency of eating stewed fruit at age
20 years, age 50 years, and at current age were 0.66,
0.54, and 0.60, respectively.

Discussion
This is the first epidemiological study of the hypothesis
that aluminium in antacids and cooking pots increases
the risk of hip fracture. In support of the hypothesis, we
found that use of aluminium pots at age 20 years was
associated with an increased risk of hip fracture. This
association persisted after adjusting for numerous con-
founders. The findings in relation to use of aluminium-
containing antacids and eating fruit stewed in
aluminium pots were more equivocal.

The finding of a harmful effect of aluminium pot use
only for age 20 years needs explanation. Most of the
subjects in this study were aged 20 in the 1920s and
1930s: perhaps older style aluminium pots were more
likely to have the aluminium leached out of them than
more recently manufactured pots. Alternatively,
aluminium might have an effect on bone that is still
increasing in density (as it is in a 20 year old) but have
no effect on the rate at which bone is lost in older
people. This would be consistent with the observation
that children with renal failure appear to be at greater
risk of aluminium-related bone disease than adults with
renal failure [11].

Leaching of aluminium from cooking pots is most
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likely if acidic fruits are cooked in aluminium pots for
several hours [8]. In the 1930s, Beal and colleagues
found that stewing tomatoes, rhubarb, or apples in
aluminium pots increased the aluminium content of
these foods as much as 100-fold [12]. If aluminium is
related to hip fractures, it would be expected that
subjects who used aluminium pots and who were
frequent consumers of stewed fruit would be at greater
risk of hip fracture than aluminium pot users who
rarely ate stewed fruit. There was some weak evidence
for this in our study.

It has been established that patients with renal failure
can accumulate aluminium in their bones, owing to a
combination of high levels of exposure to aluminium
and impaired excretion [11]. However, it is unclear
whether orally ingested aluminium is deposited in the
bones of people without renal disease. Recker et al.
reported increased bone aluminium content in a 49-
year-old man with peptic ulcer disease and normal renal
function who had used antacids for 25 years [13]. The
recent accident at Camelford in Cornwall, when large
amounts of aluminium sulphate were inadvertently put
into local drinking water, also provides support for the
possibility that oral aluminium can be deposited in the
bones of normal people [14],

It is now recognized that aluminium hydroxide in
antacids binds with dietary phosphate in the gut, which
can lead to hypophosphataemia and subsequent
osteomalacia [15]. This is another mechanism by
which oral aluminium could increase the risk of hip
fracture in people with normal renal function.

This is the first epidemiological study of the
relationship between exposure to aluminium and hip
fracture. Wood et al. investigated the association
between aluminium in drinking water and bone
density [16]. They examined bone density in the
femoral neck in 386 hip-fracture patients, some of
whom lived in an area with high aluminium water
content and some of whom lived in an area with low
levels of aluminium in the water [16]. There was no
difference in bone density between the two groups of
patients.

The main limitation of our study is the validity of the
measurement of aluminium exposure—do people know
what their cooking pots are made of? Although the
reliability of reported aluminium pot use was not high
in this study (kappas ranged from 0.35 to 0.53), it was
no worse than for many other variables studied by
epidemiologists. A systematic over-reporting of
aluminium pot use by case subjects compared to
controls could explain the observed increased risk of
hip fracture associated with use of aluminium pots at
age 20 years. This is possible but seems unlikely.

Could use of aluminium-containing products explain
the increase in age-adjusted hip fracture incidence rates
that have been observed in many parts of the world [1]
(including Australia [17])? Although aluminium was
first extracted from bauxite in 1827, it was not until
1886 that an electrolytic process was discovered that
made it available cheaply enough for everyday use [18].

Hence, only people born in the twentieth century have
had the opportunity to be exposed to aluminium for
most of their lives.

While far from conclusive, the findings of the study
reported in this paper suggest that epidemiological
studies are needed that are specifically designed to
investigate the possibility that there is a hip fracture-
aluminium association. These studies should assess
aluminium exposure from a range of sources that
include the diet, drinking water, cooking pots,
deodorants, and medications.
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