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ABSTRACT

Objectives To evaluate the impact of a screening strategy

in the first trimester, introduced in Denmark during

2004-6, on the number of infants born with Down’s

syndrome and the number of chorionic villus samplings

and amniocenteses, and to determine detection and false

positive rates in the screened population in 2005 and

2006.

Design Population based cohort study.

Setting 19 Danish departments of gynaecology and

obstetrics and a central cytogenetic registry 2000-7.

Participants 65000 pregnancies per year.

Main outcome measures Primary outcomes measured

were number of fetuses and newborn infants with Down’s

syndrome diagnosed prenatally and postnatally and

number of chorionic villus samplings and amniocenteses

carried out. Secondary outcomes measured were number

of women screened in 2005 and 2006, screen positive

rate, and information on screening in 2005 and 2006 for

infants with a postnatal diagnosis of Down’s syndrome.

Results Thenumber of infants bornwithDown’s syndrome

decreased from 55-65 per year during 2000-4 to 31 in

2005 and 32 in 2006. The total number of chorionic villus

samplingsandamniocenteses carriedout decreased from

7524 in 2000 to 3510 in 2006. The detection rate in the

screened population in 2005 was 86% (95% confidence

interval 79% to92%) and in 2006was93% (87% to97%).

The corresponding false positive rateswere3.9% (3.7% to

4.1%) and 3.3% (3.1% to 3.4%).

Conclusion The introduction of a combined risk

assessment during the first trimester at a national level in

Denmark halved the number of infants born with Down’s

syndrome. The strategy also resulted in a sharp decline in

the number of chorionic villus samplings and

amniocenteses carried out, even before full

implementation of the policy.

INTRODUCTION

In 2004 the Danish National Board of Health issued
guidelines that pregnant women should be offered
information about screeningmethods and, if desired, a
combined risk assessment for Down’s syndrome in the
first trimester based on a combination of maternal age,
nuchal translucency scanning, and a biochemical test
(the double test).1 On the basis of this assessment

womenwere to be told their risk of carrying a fetuswith
Down’s syndrome.Womenwith a risk above a defined
cut-off were to be offered chorionic villus sampling or
amniocentesis. The new policy was expected to detect
90% of fetuses with Down’s syndrome at a 5% false
positive rate.

We evaluated the impact of the screening strategy on
the number of both infants born with Down’s
syndrome and chorionic villus samplings and amnio-
centeses. We also assessed whether the detection and
false positive rates in the screened population for 2005
and 2006 were as expected.

METHODS

From Statistics Denmark we retrieved data on the
number of liveborn infants per year (about 65 000), the
distribution of maternal age at delivery, and the mean
maternal age at delivery for 2000-6.Using thematernal
age specific risk of delivering an infant with Down’s
syndrome we calculated the expected number of
affected liveborn infants.2

From the Danish central cytogenetic registry we
obtained informationon thenumberof chorionicvillus
samplings and amniocenteses during 2000-6, the
indications for these, and chromosome analyses
prenatally and postnatally on fetuses and newborn
infants. We also obtained information on the number
of infants with Down’s syndrome born during 2000-4
and the identification numbers of infants with Down’s
syndrome born during 2005-7 and their mothers.

All 19 obstetrics and gynaecology departments in
Denmark use the same fetal medicine software
program (Astraia, Germany) for calculating risk
based on formulas derived by the Fetal Medicine
Foundation in London.

Evaluation of screening performance in 2005 and 2006

From the obstetrics and gynaecology departments we
collected information on the number of women who
had a risk assessment in the first trimester in 2005 and
2006, either as the combined test (age, nuchal
translucency, and biochemistry) or the combination
of age and nuchal translucency or biochemistry. The
departments reported the number of women given a
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risk assessment of 1:300 or more at the time of
screening.
In the calculation of screening performance we

included fetuses and newborn infants with Down’s
syndrome when first trimester screening had been
done in 2005 or 2006. Information about gestational
age at delivery for all infants with Down’s syndrome
born during 2005-7 was obtained from the Danish
National Board of Health.
We cross checked the identification numbers of

women delivering an infant with Down’s syndrome
during 2005-7 with Astraia database servers inDenmark
todeterminewhether screeninghadbeendone in the first
trimester. Information on screening was also requested
whenDown’s syndromewas diagnosed prenatally by an
invasive procedure carried out for indications other than
an increased risk of Down’s syndrome.

RESULTS

In January 2005 nine of the 15 Danish counties offered
screening, and by June 2006 the whole country was
covered. The yearly number of deliveries decreased
slightly during 2000-6 (see bmj.com), whereas mean
maternal age at delivery increased from 29.7 in 2000 to
30.3 in 2006. Based on the distribution of age and if no
screening or invasive procedure had been done, the
estimated expected number of infants with Down’s
syndrome increased from121 in2000 to132 in2005and
135 in 2006.
The number of newborn infants with Down’s syn-

drome decreased from 55-65 per year in 2000-4 to 31 in
2005 and 32 in 2006. The total number of fetuses and

newborn infants with Down’s syndrome diagnosed
prenatally or postnatally in 2000-3 was stable at around
135-140 per year, with an increase to 157 in 2004, 161 in
2005, and 149 in 2006 (see bmj.com). The proportion of
casesdiagnosedprenatally increasedfrom53-61%during
2000-4, to 81% in 2005 and 79% in 2006.
The number of prenatal invasive procedures

decreased from 7524 in 2000 to 3510 in 2006 (see
bmj.com). The number of chorionic villus samplings
decreased from3322 in 2000 to 2302 in 2006,while the
number of amniocenteses carried out decreased from
4202 to 1208 in the same years. This corresponds to an
increase in the proportionof chorionic villus samplings
from 44% to 66%.
About 65 000 women were pregnant in Denmark

during 2005-6. In 2005 40 815 women (62.8%) had a
risk assessment in the first trimester, increasing to
54 830 (84.4%) in 2006. Figures 1 and 2 show the
distribution of women eligible for screening and the
groups in which infants with Down’s syndrome were
diagnosed prenatally and postnatally.
In2005,1706women(4.2%)hadariskof1:300ormore

(screen positive rate) and among these, 1388 women
(81.4%) had a diagnostic test (fig 1). Seventy two per cent
of theprocedureswere chorionicvillus samplings, the rest
amniocenteses. In 2006, 1899women (3.5%) had a risk of
1:300 or more and 1704 (89.7%) had a diagnostic test
(fig 2). Seventy six per cent of the diagnostic procedures
were chorionic villus samplings.
In the population screened in 2005 the detection rate

of Down’s syndrome was 86% (95% confidence
interval 79% to 92%); 104 of 121womenwere screened
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Fig 1 | Number of fetuses and newborn infants with Down’s syndrome diagnosed prenatally or postnatally according to screening

results in Denmark, 2005. Invasive procedures are chorionic villus samplings or amniocenteses

RESEARCH

450 BMJ | 21 FEBRUARY 2009 | VOLUME 338



true positive (fig 1). Thus 17 women received a false
negative result. An adjusted detection rate taking into
account fetal loss from screening to birth (estimated as
25%3) was 82% (95% confidence interval 73% to 90%).
The false positive rate was 3.9% (3.7% to 4.1%).
In 2006 the detection rate was 93% (87% to 97%) as

only sevenwomen received a false negative result. The
adjusted detection rate taking fetal loss into account
was estimated at 92% (83% to 97%). The false positive
rate was 3.3% (3.1% to 3.4%).
The odds of being affected (carrying a fetus with

Down’s syndrome) after a screen positive risk assess-
ment in the first trimesterwere 1:16 in 2005 and 1:20 in
2006.The odds of being affected after a screennegative
result were 1:2301 in 2005 and 1:7562 in 2006. The
odds of being affected after an invasive diagnostic
procedure because of maternal age were similar in
2005 and 2006 (1:65 and 1:75); 15 fetuses withDown’s
syndrome were diagnosed among 980 women in 2005
and eight fetuses among 600 women in 2006. Thirty
infants with Down’s syndrome were born to mothers
who had a risk assessment in the first trimester during
2005 and 2006 (see bmj.com).

DISCUSSION

Even before full implementation of the policy for
combined risk assessment during the first trimester in
Denmark, the number of infants born with Down’s
syndrome decreased by about 50% and the number of
cases diagnosed prenatally increased by around 30%.
The number of fetuses and newborn infants with

Down’s syndrome diagnosed prenatally or postnatally

increased during 2000-5, with a slight decline in 2006
(see bmj.com). This was partly due to increasing
maternal age, but was as expected because more
fetuses with Down’s syndrome are lost spontaneously
than those that are chromosally normal. This increased
rate has been estimated at around 25% fromweek 14 to
term.3 Basedon the knowndistribution ofmaternal age
at delivery in 2005 and 2006, 132 and 135 infants with
Down’s syndrome would have been expected in our
populationof65 000 liveborn infants if themothershad
no prenatal intervention. Down’s syndrome was
diagnosed in 31 infants postnatally and 130 prenatally
in 2005 and in 32 infants postnatally and 117prenatally
in 2006. Given a rate for fetal loss of 25%, this
corresponds to 129 infants with Down’s syndrome
diagnosed postnatally in 2005 and 120 diagnosed
postnatally in 2006. In 2005 the expected numbers
were close to those reported, whereas in 2006 the
reported number was lower than expected. This may
be due to chance fluctuation, as we believe follow-up is
complete.
In 2005 one third of women were not offered

screening or declined and gave birth to a total of 17
infants withDown’s syndrome. In 2006 the proportion
of non-screenedwomendecreased to 15%.About 8500
women who were not offered screening or declined
screening or a diagnostic test in 2006 gave birth to a
total of 11 infantswithDown’s syndrome.Thenational
guidelines on screening emphasise that risk assessment
for Down’s syndrome should be done only if women
choose the test on the basis of an informed choice.
Therefore despite the programme now being
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Fig 2 | Number of fetuses and newborn infants with Down’s syndrome diagnosed prenatally or postnatally according to screening

results in Denmark, 2006. Invasive procedures are chorionic villus samplings or amniocenteses
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accessible to all pregnant women in Denmark, it is
expected that a proportion will still choose not to be
screened.
We found that the number of invasive procedures

carried out yearly decreased bymore than 50% during
2000-6. A decrease in the number could be seen even
before the policy was changed, probably because
pregnant women became aware of alternative investi-
gations such as nuchal translucency scanning (see
bmj.com).
In 2005 and 2006 about 3% of women still had an

invasive procedure because of indications other than a
screen positive result, with a tendency towards a
reduced number of tests from 2005 to 2006 (2274
women in 2005, 1805 in 2006). The decrease was
mainly due to fewer women choosing invasive tests on
the basis of age (980 in 2005, 600 in 2006). The
relatively high number ofwomen choosing an invasive
procedure was probably partly due to lack of imple-
mentation of the new screening programme. It is also
possible that women who had a diagnostic procedure
for a previous pregnancy because of age may have
requested one again. Overall, 10-20% of womenwith a
screenpositive result did not have an invasive test. This
was probably because of the risk of miscarriage.
The difference in odds of carrying a fetus with

Down’s syndrome for thosewhowere testedbecauseof
a screen positive result (1:16 in 2005, 1:20 in 2006)
comparedwith that of being tested because of age (1:65
in 2005, 1:75 in 2006) illustrates the rationale in
screening using a combined risk assessment in the first
trimester. As expected, this strategy reduced the
number of unnecessary diagnostic procedures. The
procedure related risk of miscarriage after chorionic
villus sampling or amniocentesis is reported to be 1%.4

In the group of women having an invasive diagnostic
test done because of advanced maternal age in 2005
and 2006 16 chromosomally normal fetuses would
then have been miscarried, to diagnose 23 cases of
Down’s syndrome. This should be compared with the
31 fetuses possibly miscarried to diagnose 193 cases of

Down’s syndrome in the groupofwomenwith a screen
positive result. Thus the false positive rate of prenatal
diagnostic testing has been reduced by changing the
selection criterion from age to risk assessment in the
first trimester. The false negative rate has also changed:
previously thosewomenwhochose to have an invasive
procedure because of age had a diagnostic test.
Currently women choose to have a screening test; 0.4
per 1000 women in 2005 and 0.1 per 1000 in 2006
delivered a child with Down’s syndrome, despite
having a risk assessment below the 1:300 cut-off. This
emphasises the importance of informing all women
about the limitations of screening.
For false positive rates of 3.9% and 3.3% in the

screened populations we found detection rates for
Down’s syndrome of 86% in 2005 and 93% in 2006.
This is in accordance with the screening performance
expected by the Danish National Board of Health and
may be considered high. Furthermore, we report the
result of routine clinical practice, where not all risk
assessments are based on the optimal variables
(combination of maternal age, nuchal translucency,
and biochemistry) as some are given only on age and
nuchal translucency or biochemistry. In a large
prospective multicentre study the detection rate using
a combined screening programme in the first trimester
was 92.6% for a false positive rate of 5.2%.5 Our data
show that it is possible to introduce this screening
strategy in as many as 19 different centres and still
obtainnationaldetectionand falsepositive rates similar
to those from specialised centres.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Many countries are currently trying to achieve national
screening strategies for Down’s syndrome

None has described how a combined screening strategy in
the first trimester affects numbers of infants born with
Down’s syndrome or rate of invasive procedures

Detectionratesand falsepositive rates for thecombined first
trimester risk assessment have been reported only from
specialised centres or from regional experience

WHAT THIS STUDY ADDS

After implementation of a national screening policy in
Denmark, the number of infants bornwith Down’s syndrome
and the rate of invasive procedures was noticeably reduced

Thescreeningstrategyachievedhighdetection ratesand low
false positive rates
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Comparison of different strategies in prenatal screening for
Down’s syndrome: cost effectiveness analysis of computer
simulation

Jean Gekas,1 Geneviève Gagné,2 Emmanuel Bujold,3 Daniel Douillard,2 Jean-Claude Forest,4

Daniel Reinharz,2 François Rousseau4

ABSTRACT

Objectives To assess and compare the cost effectiveness

of three different strategies for prenatal screening for

Down’s syndrome (integrated test, sequential screening,

and contingent screenings) and to determine the most

useful cut-off values for risk.

Design Computer simulations to study integrated,

sequential, and contingent screening strategies with

various cut-offs leading to 19 potential screening

algorithms.

Data sources The computer simulation was populated

with data from the SerumUrine and Ultrasound Screening

Study (SURUSS), real unit costs for healthcare

interventions, and a population of 110948 pregnancies

from the province of Québec for the year 2001.
Main outcome measures Cost effectiveness ratios,

incremental cost effectiveness ratios, and screening

options’ outcomes.

Results The contingent screening strategy dominated all

other screening options: it had the best cost effectiveness

ratio ($C26833 per case of Down’s syndrome) with fewer

procedure related euploid miscarriages and unnecessary

terminations (respectively, 6 and 16 per 100000

pregnancies). It also outperformed serum screening at the

second trimester. In terms of the incremental cost

effectiveness ratio, contingent screeningwas still dominant:

compared with screening based onmaternal age alone, the

savings were $C30963 per additional birth with Down’s

syndrome averted. Contingent screening was the only

screening strategy that offered early reassurance to the

majority ofwomen (77.81%) in first trimester andminimised

costs by limiting retesting during the second trimester

(21.05%). For the contingent and sequential screening

strategies, the choice of cut-off value for risk in the first

trimester test significantly affected the cost effectiveness

ratios (respectively, from $C26833 to $C37260 and from

$C35215 to $C45314 per case of Down’s syndrome), the

numberofprocedure relatedeuploidmiscarriages (from6 to

46 and from 6 to 45 per 100000 pregnancies), and the

numberofunnecessary terminations (from16to26andfrom

16 to 25 per 100000 pregnancies).

Conclusions Contingent screening, with a first trimester

cut-off value for high risk of 1 in 9, is the preferred option

for prenatal screening of women for pregnancies affected

by Down’s syndrome.

INTRODUCTION

Major advances have beenmade in prenatal screening
forDown’s syndrome, but there is still no consensus on

themost cost effective alternative to usingmaternal age
alone as a screening strategy, and no national strategy
exists in the United States or Canada.1 2 Different
approaches have been proposed2-4 such as
� The integrated test; results from first trimester
screening tests are not analysed until results
from second trimester tests are evaluated, when
both sets are assessed together

� Sequential screening; first trimester screening
results determine whether second trimester
testing is indicated: women with a positive first
trimester result are offered invasive testing
(chorionic villous sampling), whereas those with
a negative result are offered another serum test

� Contingent screening; first trimester screening
results are used to categorise women as high,
intermediate, or low risk. High risk women are
offered early diagnosis (chorionic villous
sampling), low risk women are reassured and do
not undergo second trimester testing, and
intermediate risk women are offered second
trimester testing. The cut-off values between the
risk categories vary depending on how the
groups are defined.
Cost effectiveness ratios and similar end points of

screening strategies are needed for the development of
optimal public health strategies,2 but only contra-
dictory and limited data exist on the three above
methods of combining first and second trimester
tests.2 4 We therefore performed computer simulations
to compare 19 different screening options based on the
three screening approaches with various cut-off levels
and using real data from the Serum Urine and
Ultrasound Screening Study (SURUSS) trials.4 5 Our
aims were to
� Analyse the cost effectiveness ratio of the
different screening options from a public health
perspective

� Compare their performance estimates for an
overall 90% detection rate by evaluating seven
other relevant end points that cover the main
outcomes in prenatal screening for Down’s
syndrome:

1) False positive rate that defines the number of
scheduled amniocentesis procedures
2) Number of procedure related miscarriages of
normal (euploid) fetuses
3) Number of live births with Down’s syndrome
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3Centre de recherche du CHUQ,
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4) Number of unnecessary terminations
5) Proportion of pregnancies affected by
Down’s syndrome that were screened by a first
trimester test
6) Proportion of patients reassured early in
gestation by first trimester testing
7) Proportion of continuing pregnancies that
proceed to a second trimester test

� Compare the effects of eight different first
trimester cut-off values in contingent and
sequential screening strategies to determine the
optimal value.

MATERIAL AND METHODS

Screening strategies and tests

The screening strategies considered were the inte-
grated test, sequential screening, and contingent
screening compared with maternal age alone
(≥35 years),6 and the triple test, which has been widely
available in Europe and Canada since 1991. See
bmj.com for details.

Diagnostic tests

Our computer model accounted for the performance
characteristics of the diagnostic tests: amniocentesis for
prenatal diagnosis only after second trimester screen-
ings results; and chorionic villous sampling for women
with a positive result at the first trimester screening.

Decision model

We developed a computer program in C11 language
that simulates all 19 screening scenarios. See bmj.com
for a simplified version of the decisionmodel, and also
for tables showing the input variables and demo-
graphic characteristics of the virtual population used.

Probabilities

Pregnancies affected by Down’s syndrome and risk of
miscarriage—We estimated the risk of a pregnancy
being affectedbyDown’s syndromebymultiplying the
specific odds bymaternal age of having an affected live
birth (corrected for the spontaneous miscarriage of
fetuses with Down’s syndrome) by the likelihood ratio
(for a given set of marker values) obtained from the
overlapping multivariate Gaussian distributions of
marker levels in affected and unaffected pregnancies.4

Test performance—We used the distribution of marker
values in pregnancies affected by Down’s syndrome
and inunaffectedpregnancies reported in theSURUSS
trials to determine the parametric values.4 5 We
included rates of false positive and false negative test
results in the calculations.

Other probabilities—Our simulation included the level
of compliance previously estimated in the Québec
population—that is, the proportion of women who
consent to participate in prenatal screening forDown’s
syndrome and to a diagnostic test after a positive
screening result. We also included the chance that a
woman will choose elective abortion after a positive
diagnostic test.

Costs

We considered only direct costs under the Ministry of
Health and thePublicMedicalAssuranceperspectives.
Unit prices were averages for Quebec province
calculated from government databases. See bmj.com.

Cost effectiveness analysis

We followed guidelines for cost effectiveness analysis
in prenatal diagnosis.6 The analyses were run to
evaluate global costs, cost effectiveness ratios (costs
per case of Down’s syndrome diagnosed), and incre-
mental cost effectiveness ratios comparing all 19
screening options. Incremental cost effectiveness
ratio was calculated by dividing the difference in cost
between each screening strategy and screening based
on maternal age only (amniocentesis for women aged
≥35 years) by the difference in the number of cases of
Down’s syndrome detected by the two strategies. The
incremental cost effectiveness ratio therefore
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Fig 1 | Effects of different prenatal screening strategies for Down’s syndrome on (A) rate of false

positive results, (B) number of procedure related euploid miscarriages, and (C) number of live

births with Down’s syndrome (all values are per 100000 pregnancies)
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represents the additional cost or savings per additional
abnormality detected.

Sensitivity analyses

In order to test the robustness of our findings, we
performed a series of simulations in which we varied
the major assumptions of the modelling with values
proposed in the AETMIS report7 and recalculated the
cost effectiveness ratios.6 See bmj.com.

RESULTS

Cost effectiveness analysis

Themost cost effective screening strategy seems to be
contingent screening (cost effectiveness ratio
$C26 833 per case of Down’s syndrome with a high
risk cut-off value of 1 in 30). These results were robust
in sensitivity analyses. Compared with the reference
screening strategy (maternal age only), the

incremental cost effectiveness ratio of contingent
screening (with cut-off value of 1 in 6) is −$C30 963
per averted birth with Down’s syndrome. The
estimated costs per prevented birth with Down’s
syndrome were $C35 215 for sequential screening,
$C38 944 for integrated screening, and $C43 809 for
the triple test. Consequently, the contingent screen-
ing strategy seems to be most cost effective. As
expected, amniocentesis based on advanced mater-
nal age only is the least cost effective option, with a
cost effectiveness ratio of $C74 037 per case of
Down’s syndrome.

Screening strategies outcomes

Depending on the specific end points that are
considered, different screening approaches may
seem more appropriate. The most appropriate
screening test for Down’s syndrome should have
the lowest false positive rate, the highest detection
rate, and the best cost effectiveness ratio.8 The
screening procedure (non-invasive screening and
diagnostic technique) may also interfere with the
number of live births with Down’s syndrome.
Figure 1 shows the effects of the different screening
strategies on the major end points.

Early diagnosis of pregnancies affected by Down’s
syndrome may result in unnecessary terminations
since some of the affected fetuses would be sponta-
neously aborted before term.4 Some studies have
suggest that, in order to avoid this problem, women
prefer a lower false positive rate, but others suggest that
womenwant earlydiagnosis.Weevaluated theeffect of
the different screening strategies by calculating the
numberof unnecessary terminations, theproportionof
pregnancies affectedbyDown’s syndromescreenedby
a first trimester test, and the proportion of continuing
pregnancies that proceed to a second trimester test
(fig 2).

Contingent and sequential screening strategies
produced similar results on the major outcomes—
respectively, 1.43% and 1.55% for false positive results
(fig 1), six procedure related euploidmiscarriages each
(fig 1), 16 unnecessary terminations each (fig 2), and
43.71% and 44.13% of affected pregnancies with a
positive first trimester test (fig 2) (these results are those
achieved with the most favourable cut-off value).
However, contingent screening was unique in permit-
ting 77.81% of patients to be reassured at the first
trimester and 77.95% of women to avoid retesting in
the second trimester (proportion of continuing preg-
nancies that proceed toa second trimester testing, fig 2).

Impact of cut-off values in first trimester screening

We simulated the use of different cut-off values for the
risk of a fetus having Down’s syndrome in the first
trimester tests of the contingent and sequential screen-
ing strategies. For both contingent and sequential
screening, these had significant effects on
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� Cost effectiveness ratios (from $C26 833 to
$C37 260 and from $C35 215 to $C45 314 per
case of Down’s syndrome respectively)

� False positive rate (1.55% to 3.69% and 1.43% to
3.66%, fig 1)

� Number of procedure related euploid
miscarriages (6 to 46 and 6 to 45, fig 1)

� Number of unnecessary terminations (16 to 26
and 16 to 25, fig 2)

� Proportion of affected pregnancies with a
positive result from the first trimester test
(44.1% to 86.1% and 43.7% to 86.3%, fig 2).

DISCUSSION

Limitations of study

Our results are based on mathematical modelling and
not on prospective observational data. However, we
used empirical data and true healthcare costs as input
parameters for the simulations and our reported cost
effectiveness ratios were based on Québec province’s
healthcare system and costs. However, given the
robustness of our findings observed in the sensitivity
analyses, our conclusions are likely to be applicable to
other jurisdictions. The demographic characteristics of
the population we simulated are similar to those of
other Western countries. With respect to healthcare
costs, they could be estimated for other provinces by
using other costs units in the simulation model.

Our study did not consider the logistical problems
and costs of implementing a screening strategy that
includes nuchal translucency measurement or chor-
ionic villous sampling in North America. Neither
technique is universally available throughout the US
and Canada.

Cut-off values for contingent and sequential screening

options

There is no consensusonwhat are themost appropriate
cut-off values for high risk in the first trimester tests for

contingent and sequential screening strategies,9 even
though they could have a major effect on screening
performance.2 4 Our data show the impact of modulat-
ing the cut-off values and confirm that, for risk
assessment to be successful, a careful choice of cut-off
is required. See bmj.com for discussion.
For contingent screening, the optimal cut-off value

seems to be 1 in 9 cut-off with regard to cost
effectiveness. The cut-off value of 1 in 30 showed the
best cost effectiveness ratio, whereas the value of 1 in 6
produced the best incremental cost effectiveness ratio.
An in-between value of 1 in 9 should achieve the best
balance between these performance measures.
Thecut-off value for the combined test (first trimester

measurement of nuchal translucency, pregnancy
associated plasma protein A, and β human chorionic
gonadotrophin) which has become the de facto
standard of care in the UK (and may spread in North
America210), used a first trimester cut-off value of 1 in
670 for obtaining a 90%detection rate.5With strategies
that combine first and second trimester tests,3 9

healthcare workers would have to be prepared (and
trained) for the use of the much higher level of 1 in 9,
and appropriate information would be needed for
patients.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Prenatal screening for Down’s syndrome iswidely used,with
manydifferent screeningstrategiesbutstill noconsensuson
the most cost effective approach

New strategies that provide a relatively high detection rate
combine tests at both first and second trimesters

WHAT THIS STUDY ADDS

For strategies that combine first and second trimester tests,
the choice of cut-off value for risk in the first trimester test
significantly influences the cost effectiveness ratios and
outcomes

Contingent screening, with a first trimester cut-off value for
high riskof1 in9, is thepreferredoption. This cut-off value is
much higher than those generally used in screening
programmes
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Effect of topical alkane vapocoolant spray on pain with

intravenous cannulation in patients in emergency

departments: randomised double blind placebo controlled trial

Ramzi Hijazi,1 David Taylor,1,2 Joanna Richardson2

ABSTRACT

Objective To assess the efficacy, acceptability, and safety

of a topical alkane vapocoolant in reducing pain during

intravenous cannulation in adults.

DesignRandomiseddouble blindplacebo controlled trial.

Setting Emergencydepartment of ametropolitan teaching

hospital.

Participants 201 adult patients (54% male), mean (SD)

age 58.2 (19.5) years,

who required intravenous cannulation.

Interventions Less than 15 seconds before cannulation,

theskinareawassprayedwitheitherwater (control, n=98)

or vapocoolant (intervention, n=103), from a distance of

12 cm for 2 seconds. The intervention spraywasablendof

propane, butane, and pentane.

Main outcome measures Pain with cannulation and

discomfort with spray, measured with a 100 mm visual

analogue scale.

Results Groups did not differ significantly in age, sex,

indication for or site of cannulation, cannula size, or who

cannulated the patient (P>0.05). Median (interquartile

range) pain scores for cannulation in the control and

intervention groups were 36 (19-51) and 12 (5-40) mm,

respectively (P<0.001), and 59 (60%) and 33 (32%)

reported pain scores ≥30 mm (P<0.001). Scores for spray

discomfort alsodiffered significantly (P<0.001)becauseof

skewing to the right within the intervention group. The

median discomfort scores, however, were 0 mm in both

groups. Success rates for first cannulation attempt did not

differ between groups (P=0.39). Thirty four (39%) and 62

(62%) patients said they would choose the spray they

received for analgesia in the future (P=0.002). At follow-up

at five days, two patients in the intervention group

reported transient skin redness.

Conclusions Topical alkane vapocoolant spray is

effective, acceptable, and safe in reducing pain with

peripheral intravenous cannulation in adults in the

emergency department.

Trial registration Australian Clinical Trials

ACTRN12607000470493.

INTRODUCTION

About half of patients report moderate to severe pain
with cannulation and anxiety before the procedure.1

On a 100 mm visual analogue scale pain scores in
untreated adults ranged from 24 mm to 38 mm.1-3

Intradermal injection of lidocaine effectively reduces
pain,23 but the injection itself is painful,3 and local tissue
distortion, caused by the injection, might increase the
rate of cannulation failure.1-3

Topical local anaesthetic agents must penetrate the
stratum corneum barrier, which necessitates applica-
tion 45 minutes in advance for Emla (lidocaine 2.5%
and prilocaine 2.5%) and 30 minutes for Ametop (4%
tetracaine), but in emergency departments immediate
cannulation is often required.

Topical vapocoolant sprays can produce immediate
skin anaesthesia. Rapid evaporation of volatile liquid
spray from the skin surface causes a drop in tempera-
ture and results in temporary interruption of pain
sensation and therefore offers a potentially convenient
and effective anaesthetic for intravenous cannulation.
Four randomised controlled trials have been reported.
Two showed ethyl chloride to be effective,23 while two
others found ethyl chloride1 and fluorohydrocarbon,4

respectively, to be ineffective.

We assessed the efficacy, acceptability, and safety of
a topical alkane vapocoolant spray for reducing pain
with intravenous cannulation in adults by comparing
its effects with a control (water) spray.

METHODS

Study design—The trial tookplace fromNovember2007
toMay2008. Itwas a randomiseddoubleblindplacebo
controlled clinical trial set in a mixed (adult and
paediatric) emergency department that treated about
55 000 patients a year. Patients were included if they
were aged ≥18 and needed intravenous cannulation.
Exclusion criteria were refusal to participate, inability
to provide informed consent (non-English speaking,
altered mental state, severe illness, urgent need for
cannulation), moderate to severe discomfort or pain,
skin disease associated with cold intolerance (such as
Raynaud’s phenomenon), known allergy to spray
contents, peripheral neuropathy or numbness, parent-
eral analgesia within the previous four hours, and the
use of other local anaesthesia.

Recruitment—We enrolled a convenience sample
comprising consecutive patients who met inclusion
criteria, usually between 9 am and 5 pm on weekdays,
when the principal investigator was present in the
emergency room. Participants received a verbal and
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written explanation of the study and gave written
consent.
Randomisation—Each enrolled patient was then

assigned the next sequentially ordered study pack.
Patients were block randomised (blocks of six) by an
independent pharmacist using a computerised random
number generator. Before informed consent had been
obtained, only the pharmacist knew the randomisation
status. After consent the principal investigator also knew
status. All others were blinded to group allocation.
Intervention and control sprays—Thevapocoolant (inter-

vention) spraywasCOLDSpray, a propane, butane, and
pentane blend, with an added fragrance, and is supplied
in a handheld pressurised spray can, used for first aid
treatment of muscular pain and other injuries. The
control (placebo) spray was Evian Eau Minerale
Naturelle, a pure water spray with hydrocarbon propel-
lant, with similar packaging to the intervention spray.
Spray application—The intervention and control

spray cans were masked, but because of the slight
differences in the two sprays (variable transient skin
blanching, jet force, and trajectory) the spray admin-
istrator could not be blinded. A blinded member of
emergency department staff identified a suitable vein
for cannulation. The overlying skin was wiped with an
alcohol swab and allowed to dry. The principal
investigator then administered the allocated spray
from about 12 cm for two seconds to avoid “frosting”
of vapocoolant on the skin and evaporation was
allowed for up to 10 seconds. The area was again
wiped with an alcohol swab and cannulation pro-
ceeded immediately.Cannulationhad tobe carriedout
within 15 seconds of administration of the spray.
Outcome measures—Our primary outcome measure

was pain with cannulation. Secondary measures were
discomfort with the spray on administration, success
rate of cannulation, willingness of the patient to choose
the allocated spray in the future, the patients’ guess at
randomisation status, and unexpected events. About
one minute after cannulation, the patient marked their
perceived level of pain with cannulation, followed by
level of initial discomfort with the spray on a visual
analogue scale comprising a 100 mm horizontal line
labelled “no pain” at the left end and “worst pain

imaginable” at the right. We then asked the patient
about their willingness to choose the allocated spray in
the future and to guess at their randomisation status. A
blinded assistant (emergency department physician or
nurse) not involved with the patient’s care collected all
outcome data. The principal investigator recorded
only patients’ demographics and cannulation details.
The principal investigator attempted to follow-up all
patients five days after cannulation, either by visiting
the ward or by telephone at home. Patients were asked
open and closed questions about any unexpected
events experienced at the cannulation site. At least
three attempts were made to contact each patient.

Statistical analysis—The mean pain score with can-
nulation has been reported as 30 mm (SD 25).1 Our
study was conservatively powered to detect a 10 mm
difference between mean pain scores in the groups
(30 mm v 20 mm, respectively). At least 98 patients
were required in each group (power 0.8, level of
significance 0.05). All data were analysed with the
intention to treat principle andSPSS statistical software
(SPSS, Chicago, IL) (level of significance 0.05).

RESULTS

Study population

Of 304 patients assessed for enrolment, 201 were
randomised: 98 to the control group and 103 to the
intervention group. The groups did not differ signifi-
cantly (P>0.05) in age, sex, reason for cannulation,
cannulation site, cannula size, or who cannulated the
patients. There were, however, five protocol violations.
For one patient in the control group and two in the
interventiongroup, the cannulation sitewas slightly away
from the site sprayed. Also, for two patients in the
intervention group, incomplete preparation resulted in a
delay of more than 15 seconds between spraying and
cannulation.

Study outcomes

The table shows the main outcome measures. Patients
in the intervention group reported significantly lower
pain scores with cannulation; their median pain score
was one third that of the control group.Therewere also
significantly fewer patients in the intervention group
who reported a pain score of ≥30 mm.

Discomfort from both sprays was generally slight,
with median discomfort scores of zero in both groups.
However, 23 (24%) and50 (49%) patients in the control
and intervention groups, respectively, reported a
discomfort score of more than zero. Significantly
more patients in the intervention group reported that
theywould choose the spray they received if they had a
choice in the future. The nature of the spray did not
affect success rates of cannulation.

Significantly more patients in the control group
correctly guessed the nature of the spray they received.
Despite this, almost a third and a half of patients in the

Outcome measures in patients undergoing cannulation according to allocation to control

(water spray) or intervention (vapocoolant spray). Figures are numbers (percentages) of

patients unless specified otherwise

Control (n=98) Intervention (n=103) P value

Median (IQR) pain with cannulation 36 (19-51) 12 (5-40) <0.001

Cannulation pain ≥30 mm 59 (60) 33 (32) <0.001

Median (IQR) discomfort with spray 0 (0-0) 0 (0-11) <0.001

Successful cannulation 73 (75) 83 (81) 0.390

Future choice of same spray* 34 (39) 62 (62) 0.002

Correct guess at nature of spray 68 (69) 56 (54) 0.001

IQR=interquartile range.

*Data missing for 10 in control group and three in intervention group.
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control and intervention groups, respectively, did not
correctly guess which spray they received.

At five days after cannulation, 73 (75%) and 83 (81%)
patients in the control and intervention groups,
respectively, were followed up. Of these, two patients
in the intervention group reported transient redness at
the site sprayed. No other unexpected events were
reported.

DISCUSSION

We have shown that, compared with control patients,
those who received alkane vapocoolant had a 24 mm
lower median pain score (18 mm lower mean) and
significantly fewer had pain scores ≥30 mm.

There was a significant difference between the
discomfort of placebo and vapocoolant application.
Themedian discomfort score in both groups, however,
was zero, and the absolute amount of discomfort from
the vapocoolant was small. Furthermore, almost two
thirds of patients who received the vapocoolant spray
would choose this treatment in the future to reduce
cannulation pain compared with about one third of
patients who received the placebo.

Our unexpected event rate was low compared with
those reported for tetracaine (erythema 34%, pruritus
6%),5 Emla (erythema 6%),5 and lidocaine (erythema
13%, swelling 53%).1 Other risks associated with
vapocoolant are likely to be minimal. Like many
other vapocoolants, the onewe examined is flammable
and its use around heat or ignition sources is not
recommended.6 The manufacturer recommends a
spray time of no longer than five seconds and a
distance of at least 12 cm to avoid frostbite.6

Though vasoconstriction from cooling might
increase the difficulty of cannulation, we found no
significant difference in success rates of cannulation
between the two groups.

Strengths and limitations

Selection bias might have occurred if patients who
refused or were excluded differed from those enrolled.
Enrolment of consecutive patients probably mini-
mised selection bias. Only 24 patients refused to take
part, and there is no reason to believe that excluded
patients differed substantially. Perception of cannula-
tion pain is unaffected by the presence or absence of
other painful conditions.7 Hence, selection bias is
unlikely to have affected the results. Although the
baseline characteristics of the two groups were similar,
we did not measure other potential confounders, such
as pain threshold and needle anxiety. About two thirds
of patients in the control group guessed their rando-
misation status, whichmight have resulted inmeasure-
ment bias. All assessors were familiar in the use of the
visual analogue scale, andanybias invariationbetween
them is likely to have been balanced between the two
groups.

Comparison with other studies

Althoughmethods differed, our findings are consistent
with those of two studies that examined ethyl chloride
for the same indication.2 3 In contrast, other vapocoo-
lant trials of ethyl chloride1 and fluorohydrocarbon4

did not show significant pain relief. The ethyl chloride
study however, was not blinded, used a larger sized
cannula (18 gauge rather than 20 gauge), sprayed the
vapocoolant from 25 cm until a layer of frosting was
seen,1 andhadavapocoolant groupcomprisingonly30
patients.The fluorohydrocarbon studywasnotblinded
and was probably underpowered as the standard
deviation used in the sample size calculation was
considerably smaller than that observed in the data
collected.4 Hence, strengths of our study are the use of
blinding and the considerably larger sample size.

Recommendations

Notwithstanding these limitations, our findings indi-
cate that vapocoolant spray might be useful for
decreasing pain with cannulation and consideration
should be given for its routine use.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

There have been conflicting reports from small unblinded
studies on the efficacy of vapocoolant sprays to reduce pain
with intravenous cannulation

Some clinicians use these agents for this indication

WHAT THIS STUDY ADDS

Alkane vapocoolant spray results in significant reductions in
painwith cannulationand is safeandacceptable topatients

RESEARCH

BMJ | 21 FEBRUARY 2009 | VOLUME 338 459



Combination antiretroviral therapy in population affectedby
conflict: outcomes from large cohort in northern Uganda

Andrew Kiboneka,1 Ricky Jones Nyatia,2 Christine Nabiryo,1 Aranka Anema,3 Curtis L Cooper,4

Kimberly Ann Fernandes,3 Julio S G Montaner,3 Edward J Mills1,3

ABSTRACT

Objective To measure the clinical and immunological

outcomes of HIV positive adult patients receiving

combination antiretroviral therapy in conflict affected

northern Uganda.

Design Prospective cohort study.

Setting Gulu District, northern Uganda.

Participants 1625 adults (aged over 14 years) receiving

combination antiretroviral therapy.

Main outcome measures Primary outcome: all cause

mortality. Secondary outcomes: impact of covariates (sex,

age, CD4 count at start, adherence, tuberculosis at start,

duration of treatment, and internally displaced person

status) on mortality.

Results Sixty nine (4.2%) patients died during follow-up.

The mortality incidence rate was 3.48 (95% confidence

interval 2.66 to 4.31) per 100 person years. Patients

started treatment with a median CD4 count of 157

(interquartile range 90-220) cells/μl; most (1009; 63%)

had World Health Organization stage 2 defined illness.

Sixty two patients had pulmonary tuberculosis at the start

of treatment. Of the 1521 patients with adherence data,

118 (7.8%) had adherence of less than 95% and 1403

(92.2%) had adherence of 95% or above.

Conclusion Patients receiving combination antiretroviral

therapy in conflict affected northern Uganda had a

mortality comparable to that of patients in peaceful, low

income settings and better adherence than patients in

higher income settings. These favourable findings

highlight the need to expand access to combination

antiretroviral therapy in populations affected by armed

conflict.

INTRODUCTION

Sub-Saharan Africa is home to two thirds of the global
HIV/AIDS epidemic.1 The continent simultaneously
has the world’s highest rate of armed conflict, which
affects more than a third of African countries.2 Inter-
national policy guidelines for humanitarian responses
previously intimated that the provision of combination
antiretroviral therapy was not feasible in complex
emergencies,3 4 owing to associated population move-
ments and poor access to basic health services.5 As a
consequence, populations affectedby conflict continue
to have very limited access to combination anti-
retroviral therapy.1

A recent consensus statement from many inter-
national agencies, including the World Health

Organization and the United Nations High Commis-
sioner for Refugees (UNHCR), indicated that provi-
sion of combination antiretroviral therapy to HIV
infected people in emergency settings represents a
public health and human rights imperative.6 7 The
UNHCR has since developed clinical and operational
guidelines for the management of combination anti-
retroviral therapy in displaced populations.8 A critical
need exists for increased research in this area to inform
evidence based humanitarian interventions.9 We pre-
sent clinical and immunological outcomes of a large
cohort of adult patients receiving combination anti-
retroviral therapy in an ongoing complex humanitar-
ian emergency.

METHODS

Setting

Northern Uganda has been in a state of humanitarian
emergency formore than20years.Of the estimated1.6
million people displaced between2002 and2004,most
continue to reside in protected camps.10 As of June
2008, efforts towards peace were compromised and
movement restrictions remain in place for those living
in internally displaced persons’ camps.
Between January and July 2005, Gulu district and

municipality had a population of approximately
566 000 inhabitants. Most residents lived in internally
displaced persons’ camps. The crude mortality rate in
the area was estimated to be high, reaching 1.22 (95%
confidence interval 1.00 to 1.44) per 10 000 per day
among camp residents and 1.29 (1.04 to 1.53) per
10 000 per day in the surrounding community. St
Mary’s Lacor Hospital, a large non-governmental
hospital in Gulu, reports HIV/AIDS as the most
common reason for death in 2005.11 A sero-surveil-
lance study among women attending antenatal clinics
in Gulu District in 2006 found a prevalence of HIV
infection of 10.3%.

Programme

Before 2004, no combination antiretroviral therapy
was provided publicly inGulu and private provision of
care was limited. Since 2004, The AIDS Support
Organization (TASO) has started combination anti-
retroviral therapy in 1625 adults and 57 children. The
primary initiation regimen is based on non-nucleoside
reverse transcriptase inhibitors. At the time of data
collection first line treatment typically comprised
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nevirapine, lamivudine, andstavudine, and second line
treatment comprised boosted lopinavir, didanosine,
and zidovudine. Criteria used for starting treatment at
this time included WHO stage 3 or 4 illness or a CD4
cell count below 200 cells/μl. Many patients will not
have CD4 evaluations.

Data collection

Clinicians and field workers complete standardised
forms detailing patients’ demographics, as well as
clinical, psychosocial, and drug use data at each visit. A
field adherence monitoring team is responsible for
active retention and follow-up of patients. The team
visits patients who fail to attend any appointment and
those who have home based care. Measurement of
adherence involves a composite of pharmacy mon-
itored drug possession ratio, pharmacy refill records,
and a three day recall report by patients or care givers.
TASO defines clinical adherence as ≥95%.

Patients began receiving combination antiretroviral
therapy from 8 June 2005 and were followed until 29

January 2008. The median number of patients who
entered the programme was 47 (interquartile range
23-72) monthly.

Outcomes and analysis

The primary outcome was all causemortality. Second-
ary outcomes included assessment of immunological
status at start of combination antiretroviral therapy and
patients’ characteristics. Covariates included age, sex,
CD4 count at start of treatment, presence of tubercu-
losis, internally displaced person status, and adherence
defined as above.

We used Kaplan-Meier methods to assess survival
over time. We used Cox proportional hazards to
determine if covariates affected mortality.

RESULTS

A total of 1625 patients receiving combination anti-
retroviral therapy were included in our analysis—
100% of all patients who ever received combination
antiretroviral therapy from TASO in Gulu District.
Most (72%) patients were women, and the median age
was 39 (interquartile range 33-46) years. All patients
were started on non-nucleoside reverse transcriptase
inhibitor based regimens.

Patients started treatmentwithamedianCD4count of
157 (interquartile range 90-220) cells/μl, andmost (63%)
hadWHOstage2disease.A total of62patientshadbeen
diagnosed as having pulmonary tuberculosis at baseline.
The median follow-up time was 12.8 (7.7-23.1) months;
69 (4.2%) patients died during follow-up, giving a
mortality incidence rate of 3.48 (95%confidence interval
2.66 to 4.31) per 100 person years.

Of the 982 patients with available baseline CD4
counts, 664 (68%) had CD4 counts of 200 cells/μl or
less. Mortality varied by baseline CD4 cell count:
21/664 (3.2%, 3.22/100 patient years) patients with
CD4 counts of 200 cells/μl or less died compared with
3/316 (0.9%, 0.68/100patient years) patientswithCD4
counts above 200 cells/μl. For the 643 patients with no
initial CD4 count available, 45 patients died (7.0%,
50.8/100 person years). Figure 1 shows the Kaplan-
Meier plot for survival in patients with CD4 counts of
200 cells/μl or lower and above 200 cells/μl and for
those without CD4 cell evaluations.

Of the 1521 patients with complete data for
adherence, 118 (7.8%) patients had adherence below
95%and 1403 (92.2%) had adherence of 95%or above.
A total of 11/118 (9.3%, 5.24/100 patient years)
patients with less than 95% adherence died compared
with 17/1403 (1.2%, 1.00/100 patient years) patients
with at least 95% adherence. Figure 2 shows the
Kaplan-Meier plot for survival of patients defined as
adherent or not adherent (<95% or ≥95%).

Lower mortality was associated with female sex
(hazard ratio 0.70, 95% confidence interval 0.55 to
0.91, P=0.02), higher baseline CD4 count (hazard ratio
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per 100 cell increase 0.14, 0.06 to 0.34, P<0.0001), and
at least 95% adherence (hazard ratio 0.14, 0.10 to 0.21,
P<0.0001).

DISCUSSION

Adults receiving treatment in Gulu, northern Uganda,
showedclinical outcomesbetter than those found in the
only other existing study of patients receiving combi-
nation antiretroviral therapy in a conflict setting.12 The
results compare favourably with those found in peace-
ful regions of Uganda and other low income
countries,13-16 and they are consistent with UNAIDS
estimates of age specific HIV prevalence and access to
combination antiretroviral therapy in Uganda.1

Findings in context with other studies

The mortality incidence rate among adult patients
receiving combination antiretroviral therapy in our
cohort was about half of that found in Bukavu,
Democratic Republic of Congo, a settingwith ongoing
active violence and noticeably fewer aid agencies
available.12 Interestingly, this is also lower than the
mortality found in better resourced, politically stable
areas ofUganda, suchasRakai,where themortality has
been 5.2 per 100 person years.13 We found that
residence in a camp was not associated with poorer
outcomes.

Strengths and limitations

Strengths of our study include the retention of patients
in our cohort. Whereas many programmes in Africa
are affected by considerable loss to follow-up,17 our
programme uses a counselling team onmotorcycles to
consistently track patients. Involvement in community
groups assists patients in retention, countering stigma,
and promoting health.
Regarding limitations, as with any cohort study,

confoundingvariablesofwhichweareunawaremaybe
present. We have tried to control for these by using a
priori explanations of bias. We did not have routine
CD4 counts for all patients and do not do viral load
evaluations. We did a sensitivity analysis in which the
Cox proportional hazards survival analysis was re-
done with adjustment for all variables except CD4 at
start of treatment. We found the same magnitude of

association between adherence and mortality as in the
previous analysis that excluded patients without CD4
counts.

Possible explanations and implications

The adherence to treatment among our cohort was
high. Whereas 92% of our patients had at least 95%
adherence, pooled adherence rates across sub-Saharan
Africa and North America show that 77% and 55% of
patients adhered to combination antiretroviral
therapy.18 Duration of clinical follow-up may contri-
bute to levels of adherence.
These impressive clinical outcomes may also be

attributed to the stability of thepopulation inGulu after
the influxes of 2002 and 2004.10 Although violence
continues, compared with other districts affected by
conflict in northern Uganda Gulu has the largest
number of health facilities.19 Stepswill need to be taken
to ensure that combination antiretroviral therapy is not
disrupted as a result of the relocationofpeople from the
camp to their homes and vice versa.8 20 This should
include cooperation with HIV treatment facilities in
neighbouring districts and delivery of additional
emergency “relocation” stock of combination anti-
retroviral therapy and the creation of treatment
information cards and duplicate medical records for
patients.12

Conclusions

Our findings show that the provision of combination
antiretroviral therapy in contextswith armed conflict is
both feasible and potentially highly successful. Our
study validates recent policies set out by theWHOand
UNHCR about HIV treatment in complex emergen-
cies and shows the imperative of expanding access to
combination antiretroviral therapy to populations
affected by armed conflict.21
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Outcome of depression in later life in primary care:
longitudinal cohort study with three years’ follow-up

E Licht-Strunk,1 H W J Van Marwijk,1 T Hoekstra,2 J W R Twisk,3 M De Haan,1 A T F Beekman4

ABSTRACT

Objectives To study the duration of depression, recovery

over time, and predictors of prognosis in an older cohort

(≥55 years) in primary care.

Design Longitudinal cohort study, with three years’

follow-up.

Setting 32 general practices in West Friesland, the

Netherlands.

Participants 234 patients aged 55 years or more with a

prevalent major depressive disorder.

Main outcome measures Depression at baseline and

every six months using structured diagnostic interviews

(primary care evaluation of mental disorders according to

diagnoses in Diagnostic and Statistical Manual of Mental

Disorders, fourth edition) and a measure of severity of

symptoms (Montgomery Åsberg depression rating scale).

Themainoutcomemeasureswere time to recoveryand the

likelihood of recovery at different time points.

Multivariable analyses were used to identify variables

predicting prognosis.

Results The median duration of a major depressive

episode was 18.0 months (95% confidence interval 12.8

to 23.1). 35% of depressed patients recovered within one

year, 60% within two years, and 68% within three years.

A poor outcome was associated with severity of

depressionatbaseline,a familyhistoryofdepression, and

poorer physical functioning. During follow-up functional

status remained limited in patients with chronic

depression but not in those who had recovered.

Conclusion Depression among patients aged 55 years or

more in primary care has a poor prognosis. Using readily

available prognostic factors (for example, severity of the

index episode, a family history of depression, and

functional decline) could help direct treatment to those at

highest risk of a poor prognosis.

INTRODUCTION

Although the importance of depression in later life is
widely acknowledged and recent trials have shown
convincingly that treatment can be effective12 depres-
sion inmost older patients remains undiagnosed.3-5We
studied depression in patients aged 55 or more in
primary care to determine the duration of depressive
episodes, recovery over time, and predictors of
prognosis.

METHODS

We screened participants with major depressive
disorder from 32 practices in West Friesland, the
Netherlands. Briefly, consecutive patients aged 55 or
more visiting their general practitioner were invited to
fill in the geriatric depression scale-15 items.6 7 Patients
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scoring over 5 were invited for a diagnostic interview
using the primary care evaluation ofmental disorders.8

Participants were interviewed every six months for
three years.

Amajordepressivedisorderwasdiagnosedusing the
primary care evaluation of mental disorders
(range 0-9).8 We assessed patients every six months
using the primary care evaluation of mental disorders
and the Montgomery Åsberg depression rating scale
(range 0-60),9 higher scores indicating more severe
depression. A cut-off of 10 defines recovery.10 We
defined recovery as the patient no longer fulfilling the
criteria for major depressive disorders and scoring less
than 10 on the depression rating scale.

We used structured questionnaires at baseline and at
one, two, and three years to collect information on
personal characteristics. The questionnaire for chronic
somatic comorbidity contains a list of diseases (see
bmj.com).11 We chose the cut-off of none versus one
versusmore than one disease to produce subgroups for
comorbidity. We used the mini-mental status exam-
ination to measure cognitive decline.12 A cut-off of 24
defines cognitive impairment.13Comorbidanxietywas
assessedusing the anxiety questionnaire of the primary
care evaluation of mental disorders.8 We used the
diagnostic interview schedule14 to assess the age at
onset of the first depressive episode, family history of
depression, and the number of previous episodes of
depression. Early onset depression was defined as a
first depressive episode before age 55. We categorised
the number of previous episodes as none versus one
versusmore than one to produce subgroups for history
of depression. Physical functioning was ascertained
using the physical component scale of the medical
outcome study 36-items, short form (range 0-100),15 16

higher scores indicating better physical functioning.

Statistical analysis

We used independent t tests or χ2 tests to compare the
baseline characteristics of participants with only a
baseline measurement with those who had measure-
ments at follow-up. To explore the characteristics of
dropouts we compared participants who had fewer
than four measurements with those who had four or
more.

We analysed the duration of the episodes of
depression using time to recovery as the outcome
measure. Time to recovery and the likelihood of
recovery at different times were estimated using
KaplanMeiermethods. For these analyseswe included
patients with at least one follow-up measurement.

We used Cox regression analyses to identify
determinants at baseline predicting poor outcome (no
recovery). Firstly, we investigated whether there was a
linear relation between the potential predictor vari-
ables and the outcome. We divided those variables
with non-linear relations into categories, using cut-off

scores from the literature or the median of the sum
score. Secondly, we carried out univariable regression
analyses for all potential predictors with the outcome
measure. For the multivariable analyses we selected
variables that might be associated with the outcome.
Thirdly, we entered the predictors simultaneously in a
multivariable regression model. We constructed the
best predictive model using manual backward selec-
tionanddeleted thevariableswith the lowest predictive
value. The best fitting model was tested with the log
likelihood ratio test.All analyseswere carriedout using
SPSS version 15.0.
We also explored changes in predictors during

follow-up. We compared the results of those who had
recovered with those who still had depression.

RESULTS

Overall, 4222 of 5395 (78.3%) patients completed the
depression questionnaire (see bmj.com). Non-respon-
ders were more often men and of similar age. After
exclusions, 458 of 659 (70%) patients who completed
the questionnaire scored over 5 and took part in a
diagnostic interview. Responders and non-responders
werenot significantlydifferent for age (meandifference
1.0 year, 95%confidence interval−0.5 to 2.6; P=0.175),
sex (odds ratio 1.0, 95% confidence interval 0.7 to 1.4;
P=0.822), and depression score (mean difference 0.13,
−0.6 to 0.3; P=0.658). Of the 458 patients interviewed,
244 (53%) had a major depressive disorder of whom
234 (96%) participated in the baseline interview (see
bmj.com for characteristics of the cohort).

Dropouts

Two hundred and four participants (87%) had at least
one follow-upmeasurement andwere analysed. Thirty
had only completed the baseline interview. They were
older than those with follow-up measurements (mean
difference 4.1 years, 0.8 to 7.4; P=0.04), but were not
significantly different for sex (odds ratio 1.1, 0.5 to 2.5;
P=0.77), level of education (P=0.87), comorbidity
(P=0.37), living alone or with others (odds ratio 0.7,
0.3 to 1.7; P=0.52), or baseline depression score (mean
difference 0.4, −0.1 to 0.9; P=0.10).
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Overall, 175 respondents (75%) completed four or
more assessments. Those with fewer than four were
older (mean difference 4.6 years, 2.1 to 7.1; P<0.01)
and had a lower level of education (P=0.04) but were
not different for sex (odds ratio 0.6, 0.3 to 1.1; P=0.07),
comorbidity (P=0.25), living situation (odds ratio 1.2,
0.6 to 2.2; P=0.60), or baseline depression score (mean
difference 0.2, −0.2 to 0.5; P=0.44).

Duration of depressive episodes and recovery over time

The mean time to recovery was 19.3 months (95%
confidence interval 17.5 to 21.2), and the median time
to recovery was 18.0 months (12.8 to 23.1; figure).
Overall, 35.1% (95% confidence interval 28.3% to
42.0%) of participants had recovered at one year,
60.4% (53.0% to 67.7%) at two years, and 68.1% (60.9%
to 75.3%) at three years.

Predictors of prognosis

Univariable Cox survival analysis showed that eight
variables were associated with time to recovery (see
bmj.com). In the best fitting multivariable model (see
bmj.com) poor outcome was associated with more
severe depression at baseline (hazard ratio 1.25, 95%
confidence interval 1.08 to 1.45), a family history of
depression (1.45, 0.97 to 2.17), and less physical
functioning (0.98, 0.97 to 0.99).
Only 40% of the patients with depression were

receiving treatment at baseline—31% were taking
antidepressants and 9% were referred to specialised
care (see bmj.com). No association was found between
treatment for depression and recovery. Patients
receiving treatment, however, hadmore severedepres-
sionatbaseline (meandifference in scoreondepression
rating scale 4.5; P<0.01).
Cognitive decline did not change during follow-up,

and no difference was found between the depressed
and recovered groups (see bmj.com). The prevalence
of chronic diseases increased over time and was more
common in the depressed group than in the recovered
group. The depressed group but not recovered group
showed a decline in daily functioning. Finally, the
numberof patients receiving treatmenthardly changed
during follow-up. At three years, 37% of patients were
being treated for depression, comparedwith 24% in the
recovered group.

DISCUSSION

The prognosis for depression among older patients
(≥55 years) in primary care is poor. The median
duration of amajor depressive episode was 18months.
Thirty five per cent had recovered within one year,
60% after two years, and 68% at three years.
A systematic review on depression in later life

reported a poorer outcome in inpatients; 13-18% had
recovered after one year compared with 35% in our
study.17 A possible explanation for the difference is the
higher prevalence of functional limitations among

inpatients, which was also a predictor of poor clinical
outcome in our study. The review showed a better
clinical outcome in hospital based studies,18 possibly
due to better adherence to treatment. In our cohort
only 40% of patients were receiving treatment at
baseline.

Poor outcomewas associatedwith the severity of the
index episode, a family history of depression, and
functional decline. These clinical factors are available
in routine practice and could be used to guide
treatment. Our data showed that functional limitations
increased over three years in the group with chronic
depression but not in those who recovered.

Only a small proportion of patients with depression
were being treated at baseline and during follow-up,
similar toprevious studies.19 20We foundnoassociation
between treatment and prognosis. Patients being
treated, however, had more severe depression at
baseline, suggesting confounding by indication.

We provided data on factors that predict the
prognosis of depression in later life, controlling for
inter-relatedness. This is relevant for clinical practice,
as it identifies those at highest risk of a poor prognosis.

Strengths and limitations

We used diagnostic and dimensional data ascertained
at multiple times to study the course of depression in a
large cohort of older patients in primary care. These
strengths, together with follow-up for three years and
access to several putative prognostic factors, allowed a
thorough assessment of prognosis. As we included a
sample of patients with depression in day to day
clinical practice, those with existing depression might
have led toover-representationofpatientswith chronic
depression.

We screened patients regardless of the reason for
consultation. As they were able to attend the practice
and 98% were living independently, they were a
selection of the more healthy older population.
Furthermore, those lost to the analyses throughout
the study were older. Given that functional limitations
is a predictor for poor clinical outcome, our resultsmay
be an underestimation of the true course of depression

WHAT IS ALREADY KNOWN ON THIS TOPIC

Depression in later life is common inprimary careandhasan
enormous impact on wellbeing and functioning

WHAT THIS STUDY ADDS

Depression inpatients aged55ormore inprimary carehas a
poor prognosis

Identified prognostic factors (for example, severity of the
indexepisode, a familyhistory ofdepression, and functional
decline) are readily available in clinical practice and could
help direct treatment to those at highest risk of a poor
prognosis
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owing to attrition of the frailest patients during follow-
up.

Using an interval of sixmonths to assess patientsmay
have led to an overestimation of the duration of
depression if patients recovered earlier. We did not
have access to data on the duration of the index
episode. This systematically underestimates the dura-
tion and counteracts potential overestimation. The
advantage of Cox survival analyses is that we used data
on respondents with more than one measurement.
However, in those respondentswhomissed interviews,
either the follow-up was less than three years or the
interval between measurements was more than six
months, which may have led to bias. Those with fewer
than four measurements were older and had a lower
level of education than thosewithmoremeasurements.
Both variables were not associated with outcome.

Conclusion

Our results support our hypothesis that the prognosis
of depression in later life in primary care would be
poor. One possible explanation for this is inadequate
treatment in older patients, as most (60% at baseline,
71-77%during follow-up) did not receive treatment for
depression. Analyses of data on patients with unde-
tected depression during the first year of follow-up
showed a poor prognosis; depression was still present
in 67% after one year.5 Identifying patients with
depression at high risk of a poor outcome can help to
improve treatment and prognosis. We found that a
poor outcome was predicted by clinical factors that
should be readily available in routine practice.
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