
results of treatment between units. However, before
such comparative studies can be undertaken it will be
essential to ensure inclusion of all patients and to have
robust methods of data validation.
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The thrifty phenotype hypothesis and hearing problems
Marie-Louise Barrenäs, Åsa Bratthall, Jovanna Dahlgren

While looking for solutions to sensorineural hearing
loss (SNHL) induced by age or noise, a serious
incurable health problem, we became interested in the
thrifty phenotype hypothesis because diseases related
to this hypothesis are sometimes those linked to
SNHL.1 According to the hypothesis, events during
fetal life, such as malnutrition, may cause disease in
adulthood. The malnourished fetus makes metabolic
adaptations, which may become permanently
programmed, persisting throughout life and causing
disease later in life. For example, cardiovascular
disease,2 hypertension, obesity, and
hypercholesterolaemia are related to reduced fetal
growth as reflected by a reduced birth size and to
SNHL.

The mechanisms behind the thrifty phenotype
hypothesis are unclear, but links to insulin-like growth
factor I (IGF-I) have been suggested. During

development, IGF-I is crucial for several organs. This
includes the size of the cochlea and auditory
neurones; the innervation of the auditory sensory
cells; and the postnatal survival, differentiation, and
maturation of auditory ganglion cells.3 Intrauterine
growth retarded newborn babies and malnourished
pregnancies have lower concentrations of IGF-I. Also,
in Turner syndrome SNHL is associated with short
stature and lower concentrations of IGF-I.4 To test the
thrifty phenotype hypothesis on SNHL, we reanalysed
data from two previous samples, assuming that people
who are short in stature are over-represented among
non-syndromic individuals with SNHL.

Participants, methods, and results
We assessed hearing with standard audiometry in 479
men aged 20 to 64, who were exposed to noise in
their jobs, and 500 randomly selected 18 year old

What is already known on this topic

Risk factors associated with postoperative mortality
in colorectal cancer surgery are well established

Predictive models are available for surgical
patients in general but are not applicable for
predicting individual risk and analysis of
subgroups in patients with colorectal cancer

What this study adds

A dedicated model has been developed to predict
operative mortality for patients undergoing
surgery for colorectal cancer

This modified model is presented in a format that
is suitable for frontline clinicians
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male conscripts born in 1974. We had data on body
height, weight, exposure to noise, occurrence of
hereditary taint for hearing loss, and other medical
disorders including use of drugs.

Among the conscripts, using odds ratios, shortness
was found twice as often in those with SNHL as in men
with normal hearing. SNHL was also associated with a
positive heredity for hearing loss but not with noise
exposure. Short workers (less than two standard
deviations below the mean) had worse hearing than
expected by age (below the 10th centile given in
ISO 7029), three times more often than taller workers
and were 12 times more often taking drugs. To further
test the thrifty phenotype hypothesis on hearing, we
used multiple linear regression to model the high
frequency hearing thresholds (the average of 3, 4, and 6
kHz bilaterally) among the noise exposed workers as a
function of body height (cm), age (years), and
hypertension (yes or no). Older short men with
hypertension had significantly worse hearing (P ≤ 0.01),
but among tall men, hypertension had no effect on
hearing and the influence of age was less pronounced
(R2 = 0.37, hypertension and height adding 9%).

Comment
Sensorineural hearing loss (SNHL) in adulthood may
be programmed at birth: the thrifty phenotype
hypothesis is applicable to SNHL. One mechanism in
common to fetal growth retardation, cardiovascular
disease, hypertension, and SNHL might be low IGF-I
concentrations during fetal life (figure). Indeed, adults
with low IGF-I concentrations have features of the
metabolic syndrome, a combination of visceral
obesity, insulin resistance, dyslipidaemia, and
hypertension,5 and, probably, also SNHL. Since IGF-I
is a powerful mitogen, a reduced capacity to maximise
the speed of the cell cycle during development comes
into focus.4 Consequences of a reduced number of cell
cycles during development are fewer auditory sensory
cells, ganglion cells, and neurones at birth and earlier
hearing loss symptoms due to apotosis of the auditory
sensory cells induced by age or noise.4 Hypertension
and hypercholesterolaemia are commonly believed to
cause SNHL; we now consider these confounding
superficial markers.
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Confounding  correlations

Factors during fetal life. Genetics . Environment (insulin-like growth factor
    I (IGF-I), infections, malnutrition, toxic
    agents, alcohol, nictotine, drugs)

Fetal reprogramming of the growth
hormone or IGF-I

Adaption of growth hormone – IGF-I axis
leads to reduced IGF-I levels and to fewer

mitoses per unit time (cell cycle delay)

Birth and adolescence
Reduced number of cells in

skeleton, cardiac vessels, arteries,
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. Small for gestational age. Short stature. Minor sensorineural hearing loss

Adulthood
Lower IGF-I levels lead to
earlier onset of age related

disorders due to early apoptosis

Greater morbidity. Hypertension. Obesity. Coronary heart disease. Stroke. Insulin resistance. Sensorineural hearing loss

Working hypothesis for sensorineural hearing loss (SNHL) because
of fetal events
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