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ABSTRACT

Objective To review trials of nurse led interventions for
hypertension in primary care to clarify the evidence base,
establish whether nurse prescribing is an important
intervention, and identify areas requiring further study.
Design Systematic review and meta-analysis.

Data sources Ovid Medline, Cochrane Central Register of
Controlled Trials, British Nursing Index, Cinahl, Embase,
Database of Abstracts of Reviews of Effects, and the NHS
Economic Evaluation Database.

Study selection Randomised controlled trials of nursing
interventions for hypertension compared with usual care
in adults.

Data extraction Systolic and diastolic blood pressure,
percentages reaching target blood pressure, and
percentages taking antihypertensive drugs. Intervention
effects were calculated as relative risks or weighted mean
differences, as appropriate, and sensitivity analysis by
study quality was undertaken.

Data synthesis Compared with usual care, interventions
that included a stepped treatment algorithm showed
greater reductions in systolic blood pressure (weighted
mean difference =8.2 mm Hg, 95% confidence interval
-11.5to -4.9), nurse prescribing showed greater
reductions in blood pressure (systolic =8.9 mm Hg, -12.5
to-5.3 and diastolic 4.0 mm Hg, -5.3 to -2.7), telephone
monitoring showed higher achievement of blood pressure
targets (relative risk 1.24, 95% confidence interval 1.08 to
1.43), and community monitoring showed greater
reductions in blood pressure (weighted mean difference,
systolic —4.8 mm Hg, 95% confidence interval -7.0 to 2.7
and diastolic =3.5 mm Hg, -4.5 to -2.5).

Conclusions Nurse led interventions for hypertension
require an algorithm to structure care. Evidence was
found of improved outcomes with nurse prescribers from
non-UK healthcare settings. Good quality evidence from
UK primary health care is insufficient to support
widespread employment of nurses in the management of
hypertension within such healthcare systems.

INTRODUCTION
Essential hypertension is a major cause of cardio-
vascular morbidity.! In 2003 the prevalence of

hypertension in England was 32% in men and 30% in
women.” Since the prevalence of hypertension
increases with age it is a growing public health problem
in the Western world faced with ageing populations.®
The lowering of raised blood pressure in drug trials has
been associated with a reduction in stroke of 35-40%,
heart attack of 20-25%, and heart failure of over 50%.*
To achieve these benefits, aggressive and organised
treatment to attain blood pressure targets is required,
yet often contacts with health professionals do not trig-
ger changes in antihypertensive therapy’; a phenom-
enon termed “clinical inertia.”®

Most patients require a combination of anti-
hypertensive drugs to reach target blood pressure.
Guidelines advocate logical drug combinations,” and
in England the National Institute for Health and Clin-
ical Excellence has published a treatment algorithm for
clinicians to follow.® Hypertension is a condition
almost entirely managed in primary care, and in the
United Kingdom is an important component of the
Quality and Outcomes Framework, which rewards
practices for achievement of blood pressure standards
set by the National Institute for Health and Clinical
Excellence.” Achievement between practices, how-
ever, varies considerably’® and knowledge of guide-
lines among general practitioners does not
necessarily translate into their implementation."'

Doubt persists about how best to organise effective
care and interventions to control hypertension by the
primary care team. In 2005 a Cochrane review classi-
fied 56 trials of interventions into six categories: self
monitoring, education of patients, education of health
professionals, care led by health professionals (nurses
or pharmacists), appointment reminder systems, and
organisational interventions. The review concluded
that an organised system of regular review allied to
vigorous antihypertensive drug therapy significantly
reduced blood pressure and that a stepped care
approach for those with blood pressure above target
was needed."” Nurse or pharmacist led care was sug-
gested to be a promising way forward but required
further evaluation. Another review found that appro-
priately trained nurses can produce high quality care
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and good health outcomes for patients, equivalent to
that achieved by doctors, with higher levels of patient
satisfaction.'® Nurse led care is attractive as it has been
associated with stricter adherence to protocols,
improved prescribing in concordance with guidelines,
more regular follow-up, and potentially lower health-
care costs. Without associated changes in models of
prescribing, however, there seems to be little effect on
blood pressure level.'* At present the usual model of
care is shared between general practitioners and prac-
tice nurses, with general practitioners prescribing. Our
local survey of Devon and Somerset found that of 79
responding practices (n=182; response rate 43%) 53
were using this model, with only four using nurse led
care, including nurse prescribing (unpublished obser-
vation). In the light of these uncertainties over models
of care and whether blood pressure reduction with
nurse led care can be achieved, we explored further
the trial evidence for efficacy of nurse led interventions
through a systematic review. To elucidate whether
nurse prescribing is an important component of this
complex intervention and to identify areas in need of
further study, we reviewed the international evidence
base for such an intervention and its applicability to
primary care in the United Kingdom.

METHODS

We searched the published literature for randomised
controlled trials that included an intervention deliv-
ered by nurses, nurse prescribers, or nurse practi-
tioners designed to improve blood pressure,
compared with usual care. The population of interest
was adults aged 18 or over with newly diagnosed or
established hypertension above the study target, irre-
spective of whether or not they were taking anti-
hypertensive drugs. Primary outcome measures were
systolic and diastolic blood pressure at the end of the
study, changes in systolic and diastolic blood pressure
compared with baseline, percentage of patients reach-
ing target blood pressure, and percentage taking anti-
hypertensive drugs. The secondary outcome was cost
or cost effectiveness of interventions.

Data sources and extraction
We searched Ovid Medline, the Cochrane Central
Register of Controlled Trials, British Nursing Index,
Cinahl, Embase, Database of Abstracts of Reviews of
Effects, and the NHS Economic Evaluation Database.
Using a strategy modified from the previous review of
2005 we searched for randomised controlled trials in
original English language and published between Jan-
uary 2003 and November 2009.'> We identified older
citations from this review, hence the choice of cut-off
date for the search (see web extra). We also corre-
sponded with authors to identify missed citations.
Two authors (CEC, LFPS) independently selected
potentially relevant studies by screening retrieved cita-
tions and abstracts. Trials assessed as definite or uncer-
tain for inclusion were retrieved as full papers.
Differences were resolved by discussion; arbitration
from a third author (JLC) was planned but not

required. Two authors (CEC, LFPS) independently
extracted details of the studies and data using a standar-
dised electronic form, with differences resolved by dis-
cussion. Risk of bias in the generation of the
randomisation sequence, allocation concealment, and
blinding (participants, carers, assessors) was assessed
as adequate, uncertain, or inadequate using Cochrane
criteria.”” One author (LFPS) checked the reference
lists of all included studies for further potentially rele-
vant citations, and two authors (CEC, LFPS) reviewed
this list and agreed on further potentially relevant
papers to retrieve in full. Searches were undertaken
in June 2009 and repeated in November 2009 before
final writing up.

Statistical analysis

Data were pooled and analysed using RevMan v5.0.'°
We carried out separate analyses for each intervention
and outcome measure compared with usual care. Inter-
vention effects were calculated as relative risks with 95%
confidence intervals for dichotomous data. For contin-
uous data we used a conservative random effects meta-
analysis model to calculate mean differences and
weighted mean differences with 95% confidence inter-
vals. When a study included more than one intervention
group with a single comparator arm, we included both
intervention groups and split the number of patients in
the common comparator arm across the separate inter-
vention arms.'> Where required we calculated standard
deviations from standard errors or confidence intervals
presented within papers. Heterogeneity was quantified
using the I? statistic and the y* test of heterogeneity.
Using sensitivity analysis we explored heterogeneity
by excluding single outlying results or restricting analy-
sis to studies of good quality. We reported pooled data
only when heterogeneity was not significant (P>0.05).
Two authors (CEC, RST) reviewed the data from clus-
ter randomised controlled trials and either extracted the
data as presented when the authors were deemed to
have taken account of cluster effects or first adjusted
using a design factor,'” with intraclass correlation coeffi-
cients for systolic and diastolic blood pressure derived
from cluster studies in primary care.'”

RESULTS

Searches identified 1465 potential citations. A further
66 potential studies were identified from citations in
retrieved papers. After initial screening of the titles
and abstracts 71 full studies were assessed for possible
inclusion in the review and 33 met the inclusion criteria

(fig 1).

Included studies

Table 1 summarises the characteristics of the included
studies. Seven cluster randomised controlled trials
were randomised at practice'®* or family level.**
Five described adjustment for clustering effects but
two did not seem to have done so, therefore these
were adjusted for cluster size.*** One study used a
two level nested design of interventions at provider
and patient level; combined patient level outcomes
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were extracted where possible, or as separate inter-
vention and control groups for each provider inter
vention.” Four studies had three arms. Three com-
pared telephone monitoring and face to face nurse
monitoring with usual care***® and outcomes were
extracted as separate groups; one compared nurse
and general practitioner interventions with usual care
and only the nurse and control outcomes were
extracted.?’ The remaining randomised controlled
trials were two armed studies randomised at individual
patient level.

Interventions were categorised as nurse support
delivered by either telephone (seven studies),””*! com-
munity monitoring (defined as home or other non-
healthcare setting; eight studies),***°***” or nurse led
clinics. These were held in either primary care (13
studies)?*##2728838843  or  secondary care (six
studies).**** One study used alternate sessions with
nurses at home and in general practice.”® Fourteen stu-
dies included a stepped treatment
algorithmIS1921—24—3()313537384—()4748 aIld nine lnCluded
nurse prescribing in their protocol.?*%031333740444748

Although most of the studies recruited participants
with hypertension, 11 also recruited participants with
diabetes,'®192223313637444648 fiye with coronary heart
disease,”*?'**%9% and one the siblings of patients with
coronary heart disease.** Most studies recruited predo-
minantly white participants. Four studied hyperten-
sion care provided to African Americans,* 0%
three to Chinese,****® two to South Asians,'**® one to
American Indians,”” and two to mixed non-white
populations.*** Thirty eight studies were excluded
after review of the full paper (fig 1).

Risk of bias in included studies

Overall, study quality was moderate; random
sequence generation was adequate in 70% (23/33) of
studies, allocation concealment in 58% (19/33), and
blinding of data collection in 43% (14/33); one study
was described as an open (unblinded) randomised con-
trolled trial.*' Thirteen studies were assessed as ade-
quate in two of the three domains and adequate or
unclear for the third.ZOQZ 2526293032-344042 4648 These StU‘
dies were defined as of “good quality” and were used
for sensitivity analysis by study quality. Only three of
these reported UK trials; one of patients with ischae-
mic heart disease and hypertension®® and two of people
with diabetes and hypertension.?** The method of
blood pressure measurement was not described in 12
studies,!924338042434647 10 used automated
monitors, and seven referred to authorita-
tive guidelines for measurement.?* 323441444550

1826-303637 44 48

Effects of interventions

Pooling of data across different types of interventions
was limited by noticeable statistical heterogeneity
between studies, which was not explained by restric-
tion to good quality studies. Consequently the results
are presented as subgroup analyses by type of inter-
vention (table 2). (See web extra for forest plots for
all comparisons; summary statistics were omitted if

Records identified through search of databases (n=1465)

{

Additional records identified through other sources (n=66)

{

Full text records retrieved (n=148)
— Records excluded (n=77)
Full text articles assessed for eligibility (n=71)

Full text articles excluded (n=38):
No nurse intervention at individual level (n=17)
Not a randomised controlled trial (n=10)
No outcome measure reported (n=6)
Participants did not have hypertension (n=3)
Further report of included study (n=2)

Studies included in qualitative synthesis (n=33)

{

Studies included in quantitative synthesis (meta-analysis) (n=32)

Fig 1| Flow of papers through study

significant heterogeneity was present; see table 2).
One study did not report any estimates of variance
and did not contribute data to the meta-analyses. **

Use of a treatment algorithm
Fourteen studies included a stepped treatment algo-
I‘ithm ln their interventionlg1921-243031353738404748 and
for nine it was the main focus of the inter
vention.'#1921223337384748 = Ty gtudies of good
quality***® showed greater magnitudes of reductions
in blood pressure with the use of an algorithm com-
pared with usual care: weighted mean difference, sys-
tolic —9.7 mm Hg (95% confidence interval —14.0. to
-5.4 mm Hg) and diastolic 4.3 mm Hg (7.4 to
—1.2 mm Hg). Pooling of all four studies also showed
a greater magnitude of reduction in systolic blood pres-
sure (—8.2 mm Hg, —11.5 to —4.9; fig 2) 230374 with the
use of an algorithm compared with usual care.
Pooling of three good quality studies*****® showed no
significant difference in achievement of study blood
pressure targets in favour of an intervention including
an algorithm (relative risk 1.09, 95% confidence interval
0.93 to 1.27). Although a total of 10 studies reported this
outcome,!8192231353840424748  giatistical and  clinical
heterogeneity between them was significant.

Nurse prescribing

Nine studies included nurse prescribing in their proto-
col; three in secondary care settings,***"** three using
community interventions,***% two using telephone
monitoring,***' and one based in primary care.*’

Two good quality studies®**° showed greater magni-
tudes of blood pressure reductions for nurse prescrib-
ing than for usual care: weighted mean difference,
systolic —9.7 mm Hg (95% confidence interval —14.0
to —5.4) and diastolic —4.3 mm Hg (~7.4 to —1.2). Pool-
ing of all studies showed similar reductions: systolic
-8.9 mm Hg (~12.5 to —5.3) and diastolic —4.0 mm
Hg (-5.3 to —2.7; fig 3).

page 3 of 17



1013u0d
104 8T9/T6T ‘UoUBAIRIUI

104 898/01¢ :ainssaid

poojq 3281e] "|013u03 10}
819/65% ‘UOUBAIRYUI 10§ 898
/099 :s8nip anisuapadAynuy
*]043U02 40) SH Wwi (T°TT

as) 0°18 ‘uonuanIalul Joj SH
ww (01T as) ¥°8Z dNoiselq
*]043U02 40j 8H Ww (£°0T

as) 7°9€ T ‘uoluaIaUl 10) SH
wuw (1°1Z @S) £'7€1 N 0IshS

juasaid
eunuiajoud I 8H ww g/ (uonuamRul 0] SaSINU
/ST140 ‘8H ww 08/0€T pullg jou p|nod) ayenbapeul
1081e} 2nssald poojq pue Sulpulq ‘(paquasap
‘s8nup anisuapadAynue 10U) JB3]2UN JUBW|E3IUOD
Jo asn ‘anssaid uoljed0]|e ‘(paguasap jou)
po0]q2I1j0}SeIp puedIj01SAS  Je3jdun uoljesauas aduanbag

paquasap

JoujusWaINSeaW aInssald poojq Jo poyle
‘sagensue] |e20] ur Induj pue uoljelaidialul
apinoid 0} a)qe siadom djul) Aq pauoddns
Iped ||y "sasinu isijeads
s9)aqelp woij yuoddns pue ‘sajaqelp

ul Sulutel) ‘sjod0304d Juswsaldwi pue sjuld
unJ 0} (2am Jad sinoy inoy) awiy jeuollippe
paAiadal sasinu ad13oeld dnois uonuaniaul
*s]aA?) pidi] pue ‘sajaqelp ‘ainssaid poojq

syuedpiped

sajaqelp g adhy

J0043u02 J0J SWYLIOS|e JUBWIRAL UOWIWO)  AJDIUYID pue WYILoS)Y 8T9/898‘SIBISNIZT/6 UMM S}NPE UBISY YIN0S

(syuow #7) 13Aa)
92110e.d JB pasiwopuel
f|euy pajjo4uod
pasiwopuel 131sn|)

puejSu3 ‘weySujwiig
pue Aljuano)

u sao3oeid esauas 1
618007 Aiejlog

1043U09 10)
891/69 ‘UOUBAIBIUI I0J 96T
/201 :s8nup anisuapadAynuy
‘|013u02 40 8H ww (0T AS)

68 ‘uouaIalul 1) SH ww (6
@s) 78 :21101SeI( *|0J1u02 J0) 3H
ww (T @S) 7€T ‘uoijuanIdlul
10J8H wWw (7T @S) 0€T 21103sAS

(2482 paseq
1unwuwod jo AidAlap 0}
sisuoiyjoeid asinu puiq jou

pInod) ayenbapeu) Suipuiq
‘ajenbape Juaw|eaduod
uoijedoje ‘ejenbape
uojjesauas aouanbag

s8nup anisuauadAynue
Jo asn pue ainssaid
poojq d1j0iselp pue 3101sAS

PaqLIISaP J0U JUBWAINSEIW
ainssaid poojq jo poyiay “uepisAyd
Ajlwey Jo a1ed |ensn 0} Ya) Ing sauljaping
9WES pue JUBISSISSE BUI|aSEq WOl
uoljewuojul uaAls syuaijed pue suepisAyd
Ajwey ‘(onuod) a1ed Aiewnd pasueyus

:z dnoig “sauyaping jo uonedydde

UO SUOISIJAP pue Juswiesal) Jo sasueyd
Sujjesiunwwod Joj 9)qisuodsal asINN
“J9yiom yljeay Ajunwwod Aq Suijjasunod
Supjows pue ‘as1219x%a “1a1p pue “4auoipoerd
asinu Aqg Juswieas) Jo uoljen|eas

pue juswainseaw ainssaid poojq

Y}IM SUOISSIS ainujw Q€ ‘Suias atedyljeay
-uou e uj ‘aled paseq Ajunwwod :1 dnoig

Adiuye

pue ‘Suiquasaid
9sinu ‘Suno)iuow
Aunwwod ‘wynos)y

sjuediiyed §91

uojssiwpe je paynuspl
09> pasSe aseas|p ueay
Areuosod yymspueqoad

40 s8U1191S *65-0€

/961 ‘SI9ISN|I ZOT /26  PasSe sueduawy uedy

(Syuow ZT1) 19A3]
Ajlwey e pasiwopuel
‘|ew) pajjoauod
pasiwopuel 131sn))

vSn ‘alownjeg
42'S00Z 43229

|013u0d 10§ //9

/1% ‘UONUBMIRIUL IO €77/ /9TS
‘PaAI9Jal Juawieal] 'j013u0d
10§ //9/TET ‘uonuaniziul

10§ €7/ /7 /T *@1nssaid poojq
1981e] *]013U02 10J SH WwW (7°0T
as) 6°Z/ ‘uonuanidiu] 1oy SH
ww (2°01as) '8+
*]043u02 40) SH wwi (/T

as) T°EXT ‘uoluaAalul 10y SH
ww (§°61.QS) 0°EVT:

jusawieal} SuinIaL
uorpodoid pue ‘8H

ww 06/0%1> 10 Juswieal)
Yum SH ww 08/0% 1> 1981}
ainssaid poojq ‘ainssaid
P00]q21)0}SeIp pue d1101SAS

(uonuansayul

0} sue|uld puljq jou
pIno2) ajenbapeu; Suipuiiq
‘9)enbape juaw|eaduod
uoljedojje ‘ajenbape
uojjesauas aduanbag

papi0dal sSuipeal om}

15B] JO UBBN "3OURIBHIP %0 T<J! W} pAiyy
pajeadal pue sai sanuiw Al aye (uede(
‘uoJwiQ ‘dJ50Z-W3H) Jojluow pajewoine
YlIM 921m) painseaw ainssaid pooig
*sisuoiyoeld jessuas pue sasinu adioeid
Aq pamo|oy se1aqelp ¢ adA} ul uoisuapadAy
JO JuswaSeurwW J0J WyLI0S|e Judwieal|

wyuos|y

syuedpiyed /g7

/467 *s1=1sn)d ¢z /0T

8H ww 06/0¥12
ainssaid poojq yum
‘08-81 pase sajaqelp
7 adAy yum adoag

(Syuow ZT1) |19A3)
92112e4d e pasiwopuel
‘|eu} pajjouod
pasiwopuel 13isn|)

puejSu3
‘weysumoN ‘sednoeid
Jelaudd ¢t ;2007 4928

104Ju02 10J SH Ww (9°€T

as) §°€8 ‘uonuanLIul 10) SH

ww (17T as) 8°€8 dNoiselq
104302 J0j SH Ww (£°7C

as) 1°8¥1 ‘uoljuaalul 10j SH

9)enbape :Suipuiq
‘ajenbape juawieaduod

ainssaid uoljedojje ‘@jenbape

papi0dal
aInssaid poojq ueay ‘1sal sanuiw

9l Jaye (uede( ‘uoswQ ¢/ €/-W3IH) Jonuow
Pa)eWOINe Y}IM 32IM) painseaw ainssaid
po0)g "JuaW}eal) 0} UIIBYpPE pue
9)A15341) In0qe Juanjed pauoydalal asinu
‘panadal ejep auoyda)ay usym uawdinba
ainssaid poojq dn 185 pue “1aA119p ‘lnoge
4oea} 0 SWoY Je 3dIM} Judljed palIsIA
9sInu paulel} $asinu 0} auoydalal 19A0 JUIS

Ad1uyie pue

(aseasip
|eual 1o sa1aqelp 1 SH
W 08¢J0 SH Ww Q€ 1<)

10 3H ww o%1=
ainssaid poojq
211035As yim s1eah g1«

(Syuow zT1) jemy

VSN Honeq

BMJ | ONLINE FIRST | bmj.com

ww (0°TZ @S) 0°G%T :2110ISAS  poo|qdIj0ISeIp pue d1|0ISAS uojesauas aduanbag awoy Je ainssaid poojq Sutiojuow J135  Suuojuow suoydajal 691//91 sox200T UBIULY

paSe sueduaWY UedLY  Pa]j01Iu0d pasiwopuey

papi0da1 ainssald poojq

uea\ "1SaJ ,S9INuIW dAl Jaye ede sajnuiw

3l “(¥SN ‘v) ‘@sof ues ‘ledipay 4By

£3d/9/ ¥N) 101UOW PIJRWOINE YIM 3D|M}
painseaw ainssaid poojq yim aied 10Jo0p (uonoieyul
Jensn :¢ dnoig ¢(a1ed ensn snjd Sunoyuow |elpie20Aw snojraid 4o
Ajunwwod) syuswainseaw ainssaid poojq S9)aqeIp I 8H Ww §8¢I0
aWOY %2eqpPady 0} SHSIA SINU APdam 7T 8H Ww 0£ 1<) 8H Ww 06

SH ww (901

aS) 1°68 ‘€ dnous 34 ww (69
0S) €82 ‘T dnoi8 BH ww (7'1T
as) §9°5Z ‘1 dnous 11035810

“BHWW (£'Z1 as) €evt alenbapeSulpulqg‘(paquasap :z dnou§ {(a1ed |ensn snjd Suuojiuows|a) Aydruye 21]01SeIP 10 8H WW QY7 T¢
‘¢ dnou8 ‘8H ww (1°Z1 @s) J0U) JB3JOUN JUBW|B3IUO0D awoy) sjuswainseaw ainssaid poojq pue ‘Sunojuow ainssaid poojq (syjuow VSN ‘Nosea
€Tyl ‘7 dnois ‘8H ww (8'€T ainssaid uonedojje ‘ajenbape 3oy Uo asinu 0] 2eqpaa) auoydajel “Aunwwod 211015As yum sieah gT<  dauyl) |eu) pajjouod ‘a1jud Ayunwwod

@s) T7¢T ‘1 dnous :21j01SAS  poojqa1jolseIp pue d1101sAS uoljesauas aduanbag  Apjam uay} pue s)sIA asinu om} :T dnoig  ‘Suniojiuow auoydald] 6/9/9 pase sueduaWY UBILYY pasiwopueijolld  Ajiwey ;. T00T ueluy
s)nsay Lpajpenxs Kuawspn( Aynend SUOIJUBAIRIU| pashjeue sdnoiSqnsg (s1043u0d sjyuedpiped (uoneinp) adAy Apnis Sumas pue Apnis
SaINseaw awodnQ /uonuanialuy)
azis a|dwes

S91pN)s papn)aul Jo saisudjdeIRY) || 3)qeL

page 4 of 17



RESEARCH

1043u09 J0j SH ww

(71 aS) 0°0T- ‘uoludAIRUL
10) 34 wwi (£°£z s) 0°'TZ-
:21]0]JSBIp U] UOIINPaY *|013U0I
10) 8H Ww (8'87 AS) 0°ZT-
‘uoljusAIRlul 10 SH W (9° 1%

ainssaid poojq drjoiselp

9oueping (Modal yyl) ainssald

poojg YSiH Jo Juswieal] pue ‘uoljen|eay
‘U01329319Q U0 d3)1WWO) |euoiieN

J1ad se sajpwourwowsAyds Andsaw

yum auidns sawiy 9a1y) painsesw ainssaid
poojg “a1ed uep|sAyd Ajyuow aaiyy jensn
snid ‘Adeiay) 0} aduaIaYPE JO JUBWSIIOJUIRI
pue juswainseauw ainssaid poojq

10} sAep 06 A1ana d1ul]d 3sINU PAYISIA ig
dnoug “a1ed uepisAyd Ajyluow aa1y) |ensn
sn|d ‘Adelay} 03 a5uUaIaype JO JUBWIDI0HUIRI
pue juawainseaw ainssald poojq 10}

(papullq 1ou syuedpiued pue
sasinu) ajenbapeu; Suipullq
‘ajenbape juaw|eaduod
uopedO||e (pPaguUISap Jou)

(2482 A1epU023S)

21ulpd uoisuanadAiy
juanedino
Suipuane uoisuapadAy

(Syuow xis) jeuy

|izeig ‘ojned oes

@S) 0°9€-:D1]0JsAs utuoINPay  pue d10SAS Ul uoINPayY  Jesjdun uoljessuas aduanbas  sAep GT AIsAs d1ul)d asinu paysiA i1 dnoig 21ul]d pa] asINN zs/8y yum siuedidiued  pa)josju0d pasiwopuey ,‘700C 01221y -e119N9
1013U02 10} 8EE
/TT ‘uonuanIalul 10y G1E/STT
:aInssaid poojq 1981e] "|0s3U0d
10} 8€€/ /7T ‘uonuaNIBIUL
10J G%7€/06¢ :S8nIp
aAIsuauadAyiuy "|043u02 10) SH
ww (€°TTQS) 0 ‘uoizuaAIdULIO)
8H ww (5°6 @S) £°€- d1j015RIP 9oueping A19120S uoisuapadAy
U U013oNpaY *|013U02 J0) SH Ww ysnug Jad se sajowourwowsAyds
(207 @S) § €~ ‘uonuanalUl 10} Andsaw yym Sulpue)s 92U0 pue pajess
SH ww (6°61T AS) 8°9- 1101sAS 8H ww 06/091> 92IM] painseaw ainssald poojg “aied
Ul uo(1INpayY '103U02 104 SH Ww  1381e) aunssaid poojq pue uerdisAyd jensn snjd uoisuspadAy 1noge Sujusans
(7°01 @S) 8°06 ‘uoluanId)ul 10y ‘s8nip anisuspadAynue 19)ydwed jejsod :z dnoig "aied uepisAyd 1e SH ww 06z aInssaid
8H ww (9°8 @S) #7°£8 N0ISeIq Jo asn ‘ainssaid ajenbape :Bulpuiq Jensn snd ‘@duaiaype pue sSnIp malnal poojq d1j01seIp 40
*]043u02 40j SH Ww (9°9T  POOJq J1)0lSRIP pue J1|01SAS ‘9)enbape juswieasuod pue ‘sagueyd 3141591 ssnasip ‘ainssaid 8H ww 091z ainssaud
as) 7'8ST ‘uonuanalul 1oy SH ul uoyINpal ‘aunssaid uoljedojje ‘ajenbape poo|q ainseaw 0} awoy Je (Ajyjuow poo]q 21103sAS yum (syuow xis) ey} 021X
ww (€21 0S) 1°9ST :2101SAS  po0]q21101SRIP PURI01SAS uoljesauas aduanbas 03 AjySiunoy) sysiA asinu seinsal i dnoiy  Supojuow Ajunwiwod) gec/sye 09z pase sjuedidiued  Pa|jo1ju0d pasiwopuey 2¢x'T00T BUR( -BIDJRY
SWIB U99M]3] 9IUBIBYIP OU JI PIsh wie Y| Juswieal}
1013U02 10} 95/9 (papuliq Jou syuedidiued  pue paydayd swie yjog ‘pasn sem Sujpeas anisuapadAyiue
‘uonuaAIRlUl I0) 65/0C |013U0d pue sasinu) ajenbape! pu023s *sauaping A19120S uoisusuadAy Suinedal Apeale
10 BH ww (7°71 @S) T°Z8 jJusuureduw) :8ulpulq ‘(paquasap yshg 03 Sulpiodde Jsal Sanujw pue (8H ww 08/0%12
‘uoljusAIRlul 10y SH ww (9°0T Jeuas Ji 84 ww 02/0ZT J0U) Je3JOUN JUBW|BIIUO0D 9l Jaye (uede( ‘d)S0Z-W3IH uoiwQ) Aydruye ainssald poojq se
as) 6°6/ £1013u02 10y 4 ww 10 ‘08/0¥ T s198ie}aunssald uolJeI0]|e ‘uones|wopuel 10}UOW PIJBLIOINE U}IM 3IIM) paInsesw pue ‘Suiquasaid paulap) uoisuspadAy
(6°17.@S) 0°TST ‘uonuandlul poojq pue ainssaid 9sed ajeusa)je ‘@jenbapeul aunssaid poojg *21ud uoisuspadAy  asinu ‘(a1ed Alepuodas) pue sajaqelp (syuow xis) euy puejsug
10j 8H ww (€61 S) T'T¥T  POO|q21j0ISelp pue 21j01sAS uoljesauas aduanbag (quanedino) ased Aiepuodas pa) asiNN 21U1]2 pa) asINN 95/65 ¢ adfy yum a1doad  pajjoiuod pasiwopuey  ‘uopuot,, ‘€00T 1dAURQ
1013u0d PaquSap Jou Juswainseaw ainssaid
10} 085/0T§ ‘uonuanRul (papullq jou po0|q Jo poyla|\ ‘papaau Juswieal)
10) €65/T /S :s8nup sasinu) ajenbapeu) Suipullq  Jiiauoiiioeid |e1auas 0] |euajal pue ‘(€66T)
anIsuapadAyiuy |o13u0d 1oy s8nip anisuapadAiypue ‘a)enbape juawieasuod sauljapins A1a1205 uoisuapadAy ysnug aseasip
655/G /7 ‘uoljusnIRlul 10} £/ JO SN puR SH WW 06/09T> uopedojje ‘ojenbape  yym aduepiodde ul dn-mojjoy Alyuow 9-z (2482 Arewind) ueay Aieuolod umouy (Syuow zT1) jeuy puejods
/s aunssaid poo)q 198ie| 1981e) aunssaid poolg uonjelauas aduanbag Y3Mm S21U1)2 3anssaid poojq uni asinN 21Ul]d pa] asINN 085/€65 yum syuedidiued  pa)josju0d pasiwopuey 6c 8661 119qdwe)
Apnis
10y pasn sgulpeal ainssaid pooiq diul)
. SPIepUR)S SIIBYY SURIDIDA 0] Sulpiodde
s1apinoid a1edyyjeay d1uld paurel),
Aq juswainseaw ainssaid poojg "sdno.s
1013U0 10} %67 Y104 ssoide pajood papodal Juswanalyoe
/621 ‘UOIIUBAIRIULIOY #67/09T 1981e] *dnoiS yoes 10j pajdeiIxd
:ainssald poojq 198ie] 1013U0d aJed |ensn snsiaA poddns auoydajal syjuow ¢
10) 8H ww (1°61 @S) 8'9€1 juaijed 1oy ainssaid poojq 21103SAS “a1ed snoinaid ur sSnup
‘uoljuaIdlul J0y SH wWw (Z'6T ]eNsN 1o (UOIIUBAIBIUI) SYIUOW OM] AI9AD anisuapadAyiue Supey (Ssyuow #7) 19A9]
as) £9¢1 ‘z dnous fjos3uod sa)aqelp yum SH ajenbape Sulpuljq  aSueyd |einoireyaq Joj poddns auoyda)al 76T 10 uoisuapadAy yum juaned pue sapiroid

104 8H ww (8'0Z 4S) 8'9€1
‘uoljuaAIalul 1oy SH ww (£'6T
as) 6'9¢€1 ‘1 dnous :21]03sAS

s)nsay

Ww §8/SET 10 ‘BH ww 06
/0%1 198183 3unssaid poojq
pueainssaid poojq2101sAs

1papenxa
SaINseaw awodnQ

‘9)enbape juswieasuod
uorjedojje ‘oyenbape
uojjesauas aouanbag

9sInu 0] pasiwopues aam sjualied Jvy) *(T
dno.8) siapujwai uojsuapadAy 1o (T dnous)
uoddns uois|oap 0} pasiWopuel SI3PIA0I

s«uawspn( Ayjend SuoljuaAIBlu|

/%6¢ ‘sdnoig pajood
fey1/yy1 ‘T dnoid
‘161/051 ‘T dnoig

(s1043u02
JuonuaAaiul)
9z|s a|dwes

Supojuow auoydaja|
pasAjeue sdnoiSqns

(uaw %86) siuedidiued

(%€") ueddwy

UBdIYY 10 (%09) 3HUM
syuedpiped

Je pasiwopuel ‘eu}
Pa]]013U0d Pasjwopuel
191SN)2 PAJSAU |9AI] OM|.

(uoneunp) adAy Apmis

VSN ‘weying
“a1ud a1ed AMewnd
¢+ 600T YLomsog

Sumas pue Apnis

page 5 of 17

BMJ | ONLINE FIRST | bmj.com



@s) 9/ :noiseiq ._o‘_EoEQmI\ s3nip w>_m:wgma>;::m\
ww (6T @S) 8ET ‘UoiuaAIRIL 40 3sn pue ainssaid
10J8H ww (17 @S) 6€12N0IsAS  poojqarjolselp puedjolshs

o “uawjuiodde ueldisAyd yoes aye 362%\ B_u__:tw\ - ‘%8¢ 2y :Eo_moswm;\
uoredojje ‘ayenbape $9SINU UOIEINPS S3)3qeIP A PaJaAlap pue (31ed Alepuodas) pue sajaqelp (syuow zT) |euy
uorjelduas aduanbag SUOISSaS |eUOIIRINPA dINUIW AUIY | d1U1)2 pa) 3SINN 88/06 z adAyyum ajdoad  pajjoi3uod pasiwopuey

8U0Y UOH 4,+'700T O

1043u09 J0j SH ww
(979 @S) #7°0- ‘uonuaAIBIUl 10)
8H ww (£'9 @S) 7'z~ ‘z dnois
£1043u02 40J SH ww (1°8 AS)
/'€~ ‘uonuanialul 4oy SH ww
(£'8@5) 8¢~ ‘1 dnoid:dyj03581Q
*1043u02 J0j SH ww (8°0T
as) #°0 ‘uonuaAIRlul I0) SH Ww
(§°TTAS) 0°¢- ‘T dnois onuod
10} 8H ww (07T @S) L7~
‘uoljuaAIRIUI 10y SH ww (£°/T ainssaid poojq d1j01seIp
@s) 0'9- ‘1 dnous :21j015AS pue 21101sAs uj uo1INpay

|013u0d
10§ /67/0€T ‘uoiuanalu}
10§ 292/01T :s8nip
anisuapadAynuy -josjuod 10y SH
ww (71 4S) 0°G8 ‘uonuaAIRul
10) 8H Ww (€T @S) £'€8
:21]01SBeIQ *|043U02 J0j SH Ww s8nip anisuapadAynue
(12 aS) T°61 ‘uoijuanalul 10} 40 9sn pue ainssaid
SH wWw (6T @S) 6'9€T N0ISAS  poojqd1j0iselp puedljoishs

1020301d VDINOW

OHM 03 Sulpi0d2e 19)owouewowsAyds
Amndssw yym wie 1y ul 921my

painseaw ainssaid poo|g “aied |ensn yum
pasedwod Juawieal] salsuapadAynue ou :g
dnoig "a1ed jensn yum pasedwod Juswieas)
anisuapadAynue :1 dnoig Jysiam pue
9ejulJjes ur uoonpal Sunjasie) syjuow g1

puEe XIS Je su0issas dnoi§ om} snid JySiem sSnip anisuapadAyue

(Apms uado) ajenbapeur  pue ainssaid poojq JO JUsWAINSEAW Y)M Supjel so

:Sulpurq ‘uonedoje uado  ‘sinolAeyaq yjeay |enpialpui jo agueyd o} SHwWW 60T-062110ISEIP
‘9Jenbapeu) JusW|eaIUOd Ul UOIIINIISUI J1JBWDISAS 10j ‘UojeS|WopuR) 10 8H WW 6/1-0%T (s1eak
uoljedojje ‘ajenbape J3)ye syjuow Tz pue ‘g ‘s1 ‘6 (24e2 Arewnd) 681/981 ‘7 dnois ainssaid poojq 21)015AS OM]}) |1} pa]j043u0d
uoljesauas aduanbasg ‘9 ‘g ‘T Je sasinu yjeay d1jgnd|edo] 03 SHSIA J1Ul)2 pa] asINN ‘991/6/1 ‘1 dnoig  yum #/-Gz pase synpy pasiwopues uadQ

(smie3s uonedo)e

JO dIEME 3SINU UD1E3SI paquasap sjendsoy
J14e3)2 J0U) JBR)DUN SUIpUIlq  JOujudWAINSEaW aINssald pooiq Jo poylR N |esauas 1puIsIp (Syuow ZT) 19A9]
‘9)enbape Juaw|eaduod  sasinu uosiel deipiedisijerdads Aq uoddns ul uorpduejul |eIpIedOAW  d11deid Je pasiwopuel
uojjedole ‘ejenbape auoyda)a) SujoSuo uaaIS pue paulely (a4e2 Aewnd) sjuedpiped 0zE 10 euiSue jo sisouselp ‘]eu} pajjosuod
uoljesauas aduanbag ‘sasinu 92130e4d Aq dn-mojjo4 painpnis U PRI BSINN  /£/T ‘s19IsNP vE/EE yum syuedidiued pasiwopuel 13isn|)

puejul4 uldlsed
1"200T uaupeISeY]

puejSu3 ‘uojdweyinos
oex 666 T Allof

1013u02 40y SH W
(6°6 @S) 76/ ‘uonuaIS)ul 10}

PaquISap 10U JUSWAINSEaW
ainssaid poojq Jo poyiay “SH ww 06
/01> ainssaid poojq pue ‘Ja1p ‘AlAie

8H ww (9°8 @S) €8/ DN0ISeIq 9jenbape Sulpuiq 1oy s1eos Suinas sauljaping uonuaaid Aie uofdiejul |eIpJedoAw
‘]043u02 J0j SH ww (0°ST ‘9Jenbape JusaWieaduod  puodds OO UOIILIIOSSY UBIH URILBWY 10 eUISUR Y}IM SB1UDD
as) Z°0€1 ‘uonuandlul 1oy SH ainssaid uonedojje ‘ajenbape uo paseq sawweiSoid uoneyjiqeyal Ad1uyle pue |ed1paw Aeiua) 0} (Syauow xis) ey eulyd
ww (1°ZT @S) 8'6C1 :21101SAS  p00]q21|0ISeIp pue 31]01SAS uoljesauas aduanbag JBIpie) PaIdAI|ap dWOY }9am 7T Suuojuow Ajunwuwio) #8/€8 papiwpe sjuediued  pa|jo13u0d pasiwopuey  ‘NpSUdYD ¢(x‘Z00T Suel(
(Juswieasy

SuinI931 3IYM
s3uipeas 921y} Joye SH
ww §6¢ aunssaid poojq
J1j03seIp) uoisuauadAy

(papuiq jou Ja19wouewowsAyds pajjoa3u0dun 1o (Ot
10120p pue asinu) ajenbapeul 019z Wwopues Suisn painseaw pasde SH ww sO1<I0
3ulpurq ‘(pajesduod ainssaid poo|g 1020304d UOWLIOD 6£-0€ paSeSHWW 0 T<
jou) ajenbapeul Jusw|eaduod Sunuawaldwi ‘syuswjujodde synuiw QT ainssaid poojq
1043u02 10} 8H ww 065 ainssaid uonedojje ‘(paquasap jou) siauoindeld |eiauasd |ensn yim pasedwod (24e2 Arewnd) o1ud 21]01SBIP) MaU YlIMm (syuow z1) jewy  puejsul ‘uoydweyinos
61/TT ‘uonuaIRul 1) ST/0T poojq d1j0iseIp 198ie]  Je3joun uoljesauas dusnbas  sjuswiujodde NUIW T YUM DIUNI BSINN  P3]3SINU pUB WILOS|Y 61/S1 #9-0€ pasSe sjualied  Paj041u0d pasiwopuey g¢ 886 T 11oM3[
papi0dal
SJUBLIRINSEAW PJIY) PUB PU0IIS JO UBSIY
*Pajeas SaINUIW SAl J9)Je S|eAI}Ul INUIW
1043u0d2 auo01e sawl)dalyliarawouewowshyds 0az

10§ 90T/€€ ‘uoludanIRIul

104 GZ1/5G :aunssaid
po0]q1981e] 104102104 SH Ww
(981 @S) "€~ ‘uonuaniaul
10) SH ww (8°ST AS)

T°0T- 21|0ISeIp Ul Uoj3dnpay
"|0AJU02 10§ BH W (0°52 AS) '€
‘UOIIUdAIRIL 10§ SH W (2°ZT
as) §°Z- 1|01sAs ul uoiPNpay

‘104302 J0j SH Ww (9°8T 8H ww 06

@S) 8’176 ‘uoiuanalul 10y SH /071> 1981e) aunssaid

wuw (8°ST @S) £°68 :210i1seiq poojq pue ‘ainssaid
*1043u02 40 SH Ww (0°SZ  PO0]q 21j03SeIp pue 1|0)SAS

@S) 6°0ST ‘uonuanalul 10y SH ul uorjNpal ‘ainssaid
ww (°7z 4S) €'6£1 10)SAS  poo|q21101SeIp PuedI01SAS

s)nsay Jpapenxs
sainseaw awodnQ

wopuel Sujsn painseaw ainssaid poojg
*S]1JoUaq IN0ge UOIIRINPS PUB |04JU0D
uolsuapadAy Jo aduepodul Jo S1apuiwal
99B) 0] 9JB) |ENUUE PUB Syjuow XIS A1and
s1apujwal auoyda)a) paniadal sdnois yjog
*Ayunwwiod uj a1ed uoisuapadAy Jo s321n0s
0} pauiayal :z dnoig “sauljaping (podas
Y3IXIS) 2InSsald poo|g YSIH JO Judwieal|
pue ‘uoljen|eAs ‘uoi}da1a( uo 99)ILUWOD)
JeuoiieN uo paseq |0d0301d 0} Suipiodde
pasueyd Juawieal) pue syjuow ¢-T

alenbapeSuipunq‘(paquasap Aians payisia sem sauoiideld asiny AKudiuyze 3H
10U) JB3J2UN JUSW|e3IUO0D ‘ueidisAyd pue saxiom yijeay Ajunwwod  pue ‘Suiquasaid asinu ww 06/0% 1< ainssaid
uoljedojje ‘@jenbape Jauonnoeld asinu Aq uonuanalul ‘(24e2 Aewud) a1uid poo|q ylm #5-1Z pase (Syauow 9¢) jewy
uofjelauas aouanbag pasijenpiAlpul aAlsusyaidwod :1 dnoig Pa] 3sInu ‘wiyLos|y 901/521 USW UBDLIBWY UBDLJY  P3]|04IU0d pasiwopuey
suswspn( Aynend suonuaAIdu| pasAjeue sdnoiSqng (sj043u02 (uoneanp) adAy Apms
/uonuaAiaiul)
azis ajdwes

wsn
‘alowinl|eg o,‘€00 IIH

Sumas pue Apns

BMJ | ONLINE FIRST | bmj.com

page 6 of 17



RESEARCH

1043U0d

10§ ZTTT/Z€ ‘uonuaniaul

10) GT1/%S 1981e) aunssaid
poojg "|01ju0d 10j ZT1/18
.co_ucwawuc_._g mﬁﬁ\wN “mw:\:o
anisuapadAynuy "ouod
104 8H WU (612 4S) 05~
‘UolJURAIRIUI 10} SH W (7' 1T

8H ww 08/0€T>

1981e] aunssaid poojq pue
‘s8nip anisuapadAynue
jo asn ‘ainssaid

(Papung

jou) a1enbapeul Suipullq
‘ajenbape jusw|eaduod
uonedo|je ‘alenbape

Jojiuow nij-dg Aq painseaw ainssaid
poo|g "s39am Xis Aians wea) jspewseyd
-9s1nu Aq usas aiam suedidiped ‘uepisiyd
995 0} pageinooua syueddiyed pue
‘uejdisAyd ased Aiewnid o3 paxey saulaping
awweiSoid uonednpa uoisuapadAy
uelpeue) 0} Suipi022e dSueyd

Joj suofysagsns pue sSuipeas ainssald
poojg ‘sjeuajew poddns pue ainssaid
PO0]q JO UOIJRIUSWNIOP Y}IM UOIIEINPS
u0112npal YSU JBJNISBACIPIRI PRIBAIIIP

Jede sysam

0M] SJISIA OM) Je SH
ww 08/0€ 1< ainssaid
poojq pue sajaqelp
zadAyio 1 adhy

(s3eam ¥77) Jeiy

epeue)
‘epaq)y ‘uojuowpl

@S) T°0T-:21]01sAs uluoIINPayY  Poojq 21101sAs Ul uo1INpay uojjesauas 9ousanbag  sadewueyd je sweslispewleyd pueasiny - Suuojuow Ajunwwo) Ir/stt Yim 812 pase s)npy  Pa||041uod pasiwopuey 5¢'800T UBIIW
saulapingd
£19170S LBSH YSg YlIm aduepiodde
Ul papJ0Jal SjuaWAINSeaw anssald
PO0]q OM] JO U3 ‘Papaau Jualleal)
1013U02 10} 6t7/Z T ‘UOIIUBAIBIUL 0}98ueyp Jiiauoniideld |esauss 0} 30uala)el
104 6%7/9¢ :aunssaid YuMm (866T) Saulaping sanald0s ysnug
po0]q198ie] '|01JU03 .10} SH Ww (uonuamalul JaABp 01 Julof JsuleSe passasse ainssaid poojq pue
(£°01 @S) 97/ ‘uojusnIalul Jo) payiAul sa211de1d) 33enbapeul  sjapouw 9SUBYD |BINOIABYS] YIIM Passaippe
8H wuw ($°8 aS) '69 10IseIq Suipulq ‘(paquasap 510128} s a)dnIny “sasinu adndeid
*]03u03 10§ SH Wi (§°9T  SHww o7 1>1981e) 3Inssald Jou) Jeajdun Juaw|eaduod  Aq sadidesd |eisuas ul pue sasinu uosiel]  Suuojuow Ajunwwiod 151] Suiyem (syjuow
@S) 6'8€T ‘uonuaalulloy SH  pooiq 2110isAs pue ainssaid uoljed0]|e ‘(paguasap jou) Je|pled Aq awoy je Ajjeulalje palaniap ‘(42 Arewinid) ssedAq A1ape Aieuolod 1yS19 ueaw) e} puejjods ‘moSse|n
ww ($°€1 4S) T'9ZT :2101SAS  poo]q2101SeIp puedI0ISAS  Je3jaun uolelauas aduanbag SUOISSas U0IIRINPA Yijeay Alyjuow 21Ul pa] 3sINN 67/6% 0] pappe sjualled  Pa)j04ju0d pasiwopuey 05 ‘TO0T YSNHIW
1013u02
10} 702 /801 ‘UonuaNIBIUL
10} 90T ///1 :s8nup Sujusans
anIsuapadAyiuy "josuod sSnip paseq aoe|dyiom
10J #07/9§ ‘uonuanIalul anisuauadAynue jo asn Arejun|oA wouy pajalas
10J907/0071 :aunssaid  pue ‘(Ajua Je G5 ainssaid ‘Juaw}eal) SuiARIal
po0]q198ie] '|01JU03 .10} SH Ww poojq 21j01seIp JI |BY 10U SH Ww oY 1<
(9°8 @S) 1°9- ‘uoiuaAIBIUI IO} 8H WW G¢ 10 06> ainssaid pajeas ainssaid poo)q
8H ww (9°8 @S) 6°6- 21j0ISBIP poojq J1joiselp) 1981 ajenbapeSulpulq‘(pagquasap S9INUIW BALJ JDJJE SBLI] 94Y] painsesauw 211035As ym SH ww 76
U uoNINPaY '0Ju0210) SHWW  ainssaid poojq ‘ainssald 10U) JE3JUN JUBW|EadU0)  ainssaid poojg “WylLoS|e Juswieal] yum Suiquosaid -06 40 G6< aunssaid
(9°8 @S) €76 ‘UOUBAISIUI IO  POO]] I0ISEIP Ul UOI}INPa) uopedo|je ‘(paquasap jou)  od0joid painydnis 0] Sulpiodde ainssaid  asinu pue ‘Sunoljuow po0Iq 21]0ISBIP YIM 69 (Syauow xis) 1eu} epeue)
SHwuw (z°2 @s) €06 :101selq  ‘ainssaid poojq d1j0jselq  Jeajdun uoljelauas aduanbag poojq paSeuew adejdyom Ul SaSINN  Ajunwiwiod ‘wyiuos|y %02/90¢ -81 pase sjuedidiied  pa)joAju0d pasiwopuey  ‘0juoio] ( ‘6/61 ueso]
paquasap
Jou JuswaInseaw ainssaid poojq Jo anuad
POYIBW *(866T) SAdNN PUB (L66T) 24nssald Aie1ua) wouy pajinidal
(papuiiq Jou sasinu poojg YSiH Jo Juawieal] pue ‘uoiienjeas (saulapIng €661
pue sjuedidiued) ajenbapeul ‘u0139919Q UO 33 1WWO) |euolieN JN[ ‘z 10 T 38e)s se
3ulpurq ‘(paquassp ‘ainssaid poojq 10} pue UOIIRII0SSY paulap) uoisuapadAy
0U) JE3]IUN JUSW|BIIUOD s9)aqelq ueduaWy woiy aduepins  Suiqudsaid asinu pue paysiiqelss
1043u0d SH ww g8 uoiedoje ‘(pagquIsap jou) uo paseq swyjos|e Juawieal) Suisn - ‘(42 Alepu0das) d1uld pue sajaqelp (Syuow zT1) jemy VSN ‘01YQ ‘puejans)d
10j 8//8 ‘UonuaMISIUI IO} 6//6 /OET 1981e) 2unssaid poolg  Jeajoun uolesauas adusnbag |endsoy u1 s21uld uni Jauoiideld asiny Pa] 8sinu ‘wiyLos|y 8//6/ z adAyyum ajdoad  pajjoijuod pasiwopuey 45 €00T 123N
1013u02 J0j SH
wwi (58 @S) £~ ‘uonuaniaul
10 8H Www (56 4S) §°9-
:21]0JSBIP Ul UOIINPaY *|0JIU0D
J10) 8H wwi (8°ST 4S) 7'8- 9oueping (Modal yyu) ainssald
‘uonuaAalul Joj SH ww (5°6 poojg YSiH Jo Juswieal] pue ‘uoiien|eAl
@s) #7°ST-:211015As uruodNPay ‘U01123)9( UO d3PIWIWO) |eUOlIeN
‘104302 40) SH Ww (9°TT J13d se sajpwouewowsAyds Aindsw
as) 'S/ ‘uonuanalul 1oy SH YlIm sawi) 9aJy) painseaw ainssaid poojg BHww /T
ww (€°ZT @S) £'9Z :d1j01se1q ainssaid ajenbape Sulpuljq  “Supjjemjuads awiy pue Aousanbauy ajeAjow -0t 1 2inssaid poo)q
*]03u02 10J SH Wwi (€°ST  POO|q 1j0ISeIp pue 21j01sAS ‘ajenbape juswieaduod 0} ‘poddns adej 0] 82e) pue suoydasjal 21]015As se paulyap)
as) 9°€¥1 ‘uonuaadlul J0y SH Ul uonINPaJ pue ainssald uonedojje ‘e1enbape Yum ‘asinu yieay onqnd Aq pasaiap Ad1uyle pue uojsuapadAy umouy (syauow xis) 1euy eulyd
ww (291 4S) T'9ET 10JSAS  po0]q21101SeIP PURI0ISAS uopjesauas aousanbag uonuanialul Supjjem paseq Ajunwwo)  Supojuow Ajunwwo) €6/16 yum 09z pase sdosad  Pa)j013u0d pasiwopuey ‘UBMIBL ,¢x“/00T 337
103u0d2
10§ 88/09 ‘UOlIUBAIRIUI 10§
06/19 :s8n1p anisuapadAynuy PaqlISap 10U JusWwaInNseaw Sa.1)uad
*]041u02 J0j 8H wuw (0T 4S) ajenbapeSulpulq‘(paguasap ainssaid poojq Jo poyia|y ‘pouad salaqelp |euolsal
// ‘uonuaAIRlul 1oy SH ww (TT jou) Jeajoun Jusw|eaduod  Apnys Suunp juedpiued Jad SHSIA A YyIM 991y} Woij pajinidal
synsay Lpajpenxs s«uawspn( Ayjend SuoljuaAIBlu| pasAjeue sdnoiSqns (s1043u0d sjuedpiped (uoneunp) adAy Apmis Sumas pue Apnis
SaInNseaw awodnQ /uonuaniajui)
9z|s a|dwes

page 7 of 17

BMJ | ONLINE FIRST | bmj.com



101302 10§ 89/€§

“UOJJUBAIRIUI 4O 69/99 :SSNIP
ansuapadAynuy 103u0 10y SH
ww (0°8 4S) 7€~ ‘uoluanIBIul
10} 8H ww (0°0T @S) §°9-
:21]0JSEIP U UOIINPAY *|013U0D
10) BH ww (£'81 @S) £°6-
‘uoljusAIRlul 10y SH Ww (°/T
as) ¢71-:211015As uruonINpay

1043U02 10§ 09T/0%
‘uonuaAIRlul I0) §9T/96 S8nIp
aAIsuapadAyauy "|043u02 10) SH
ww (0°0T @S) £°0 ‘UonUBNIBIUL
104 8H ww (9°01 @S) T°€-
:21]0JSBIP U] UOIINPAY *|03U0D
10y 8H ww (§°21.QS) T~
‘uoljuaAIRIUL 1oy SH W (2°1Z
as) £°9- 1103sAs uj uodINpay

s8nip
anisuapadAyiuejoasn pue
ainssaid poojq d1jojselp
pue 21101sAs uj uo1INpay

s3nip
aAIsuauadAyiuejoasn pue
ainssaid poojq 21j0iselp
pue 21]0JsAS uj uoiINPay

ajenbape Suipuiq
‘ajenbape Juaw|eaduod
uopedo|je ‘ajenbape

uoljesauas aduanbag

(papulq jou

9211oe1d) 9jenbapeu) Suipulq
‘9)enbape juswieadsuod
uoredo|je ‘oyenbape
uorjelauas aduanbag

y81upo)

yoea asunu 03 palsod ‘(y¥sn ‘v) ‘@so[ ues
‘|e2IPaN @'8Y 1/ VN) 403uow pajewone
YumAjiep 921mi swoy je painseaw ainssaid
pooig “aunaping (Modal yixis) ainssald
poojg YsiH Jo Juawieal] pue ‘uoiienjeas
‘u0f32338Q U0 33)IWWO) JeUOlIeN U0
paseq wyluos|e juswaseuew 0} Suipiodde
(uenisAyd yum uonelnsuod ul Snip

Mau pajeliiul 10) s3nip Jo sasop pasueyd
pUE ‘SYJUOW INOJ PUE ‘OM] ‘BUO PUE 3I3M
3uo Je s)jed auoydalal yim dn pamo)jo)
‘10}juow ainssaid poojq swoy pajewoine
Jo asn ul syuedpiped pajonijsul asinN

paguIsap Jou Juswainseaw ainssaid
Pooj|q JO poylay *5]020301d |BIO] 0] SUIIOM
yoddns asinu 2139qelp Ajlunwwod pue
“J@am Jad uolssas asinu adnoeld jeuonippe
UE ‘SIIOM YUl] UBISY Y)IM dJeD padueyul

Buiquoasaid
asinu pue ‘Sulojiuow
auoydaje) ‘wyiuosly

(24e2 Arewnd) 2

pajasinupuewyuoSly  091/591 491snpd €/€

uede y2am auo

15B9] 1 SNSIA Suluaalds
oM} Jaye SH ww 6
/05 1= ainssaid poo)q

89/69 ueaw yym spuediried

0°6¢ 0491531042 |10}
10 /<Yy uiqojowaey
10 (8H ww 08¢

10 O¥71¢) aunssaud
poo|q pasiel 1aylle pue
sajaqelp ¢ adAy yum
9)doad ueisy yinos

sjuedpiped

(syjuow xis) jeuy
P9]1013U0d pasiwopuey

(syuow 7T1) 19A9)
9o110e1d JB pasiwopuel
‘|ewy pajjonuod
pasiwopuel Jalsn))

VSN ‘eluioye)
‘PIOJURIS (4700 PPNY

puejSu3 ‘spuejpin
159M ¢, V00T 31BH,0

1013u02
10§ T€GZ/TTTT ‘Uonuanialul
10J 7/%7 /2611 2unssaid
poojq 1a8ie] ‘pauodal

10U |0J3U0D ‘UOIIUAAIBIUI 1) SH
wuw (71T aS) T°0- :210IseIp Ul
uolINpay ‘papodal jou j01U0d
‘uonjuaAIRIul J0J SH W €€

8H ww 08/0Y1>
108.e} 2unssald poojq pue
ainssaid poojq d1jojselp

uoijedo)je ‘ajenbape

paquISap J0U JUBWAINSeAW
aInssald poo|q JO POYIB “MaIABI

|enuue Jsej je pajjosuod Apood juaied

0 Is1] pue ‘s}asie} pue sj0d030.d sajaqelp
1e20] ysaal 03 sjepaew Hoddns yum
‘595INU 312 S3}3qeRIp IsN|e1dads Aq paysiA

(24e2 Arewnd) o1und

8H ww 08/0Y1¢
ainssald poojq pue

(Syuow ZT1) 19A3]
92110e.d JB pasjwopues
f|eu} pajjouod

puejdu3

@s) T°0-21103sAS Ul uoidINPay  pue 21103sAs uj uonINpay uopjelsuas aouanbag  sisuoniideld |elauUSS pue SasINU d130Rld  PI]ISINU pue WyILoS)y 1€52/%7%T sa1aqelp yum ajdoad pasiwopuel 131sn|) ‘PIOJIES L, x700T M3N
103u02 papi0dal
10§ 805/19¢ ‘UonuaAIRul sSuipeas omyise)jo uealy "(uede( ‘uoiwQ dJ
10§ 905/S 1€ :aunssaid S0Z-W3H) J011luow pajewoine ylim sjeaajul
poojq 1981e] ‘pauodal 9INUIW U0 Je S3WI} d3IY} paInseawl
10U |0J3U0D ‘UOIJUBAIBIUI JOJ SH ainssaid poojg "saulapins 6661 A19120S 8H ww 08z
ww (0°9T @S) 8'0- :21)0ISeIp Ul 8H ww 08/0%1> 9lenbape Sulpullq  UEaH Ysiug Ylm aduepiodde ul j0d0joid 10 o712 unssaid
uo1onpay ‘pauodaljoujonuod  1a8ie} ainssaid poojq pue ‘ejenbape juswieaduod  Aq saSueyd juswieas) pue ‘usnS ajA1sa. Suiquasaid asinu pue poo|qJ! ‘mainal jejidsoy
‘uonuaAIaIul 1oy SH Ww (2'6Z ainssaid poojq d1j0iselp uonedo|je ‘a1enbape U0 3dIApe {panalyIR 1a8Ie] |IUN SHRIM XIS 0] ‘(31B2 Alepu0das) d1uld Jenuue je pajinidal (syuow ZT) jeuy puejsu3
@S) 0°7- :211015AS Ul uoINpay pue 21103sAs ul uoiINPayY uoljesauas aduanbag  Inoj Alans papuale SIuld asinu isijeads pa) 9sinu ‘wyios)y 805/909 sajaqelp yum ajdoad  pajjoljuod pasiwopuey ‘PIOJIBS o xE00T MON
(pauodas
UO[JBIASD PIBPUE]S OU) |0JU0D
10J SH Ww §8 ‘UOIIUBAIBIUI 10} papulq $21ul}2 a1ed Arewind
8H ww zg :no1selq ‘(pauodal alamsasinujiiea)duns uni uenisAyd yum
UO[JBIASP PIBPUE]S OU) |0JU0D ‘a)enbape Jusw|eaduod  PaquUISap JoU JusWIINSeIW INssald poolq pasedwod sauonioeld
10§ 8H WW 6ET ‘UoiIuaAIRIUL ainssaid uoljedo|je ‘ajenbape Jo poyialy “ased uejdisAyd Ajjwey jensn sashjeue asinu jo Apnys uj (syuow xis) ey} VSN SHOA
10J 8H ww /€T :21101SAS  po0|q 21j01SeIp pue 21|01SAS uonesauas aduanbag 10 Jauofdeld asinu |ensn 0} UOHEIO|Y  -BlaW Ul papn|aul JoN SYT/11T dnoiqns anisuapadAy  pajjoi3u0d pasiwopuey  MaN ,,x000Z 1a8ulpuniy
paquosap
10U jUBWaINSEaW aInssald poojq Jo poyle
(212 oeqpasy Jipne Jaye yoddns Jayuny
lensn ¢ dnois yum pasedwod ou paAladal saddeld fased jensn :¢ dnoig
uonuanidul T dnous) jouod (papullq  ‘(pa1deAIXa Jou) JojeSnsanul Aq pauoddns
10} 8/%7/%6€ ‘uonuanialul 94 jou p|nod sadield) sauljaping uonuanaid Alepuodas pasise Sp1023l
10) 149/6G6 :aunssaid ajenbapeu) Suipuiq sisuoiioeid |esauas iz dnoug t1ojeyioey 92110e1d Woyy payuapl (Syuow Q1) 19A3]
poojq 1981e] *|013u02 10} SH ww 001/091>19818) ‘ajenbape Juaw|eaduod 9sinu Aq papoddns sasin sj020j04d 9seas|p Leay Aieuosod  9d11deid Je pasjwopues  puejdul ‘alysydInmEem
656/T6€ ‘uojuanialul 10) 699 ainssaid poojq pue s3nip uoljedo)je ‘ajenbape uonuaaid Aiepuodas pasise Sujuuni (2402 Arewnd) ojund sjuedpiyed paysi|qelss yum g/ ‘leu) pajjosjuod  ujsadndeld jessuas 1z

/6€% :s8nup anisuapadAynuy

uopjesauas aouanbag

21U1)2 3sInu 0} pajjedas syuafied : T dnoig

paj asinu ‘Wyuosly  655/599 ‘s1RISN £/ L

-GG pase syueddied

pasiwopues Jaisn))

1¢'T00T J3Yow

SHNs3ay

1parpenxs
SaINseaw awodnQ

suswspn( Aynend

uede a)nuiw auo uae) sSuipeal
3AlJ JO ueaw se (epeue) ‘we)iinbod)
SUOIJUAAIIU|

pasAjeue sdnoiSqng

(s1043u02
/uonuaAiaiul)
azis ajdwes

(uoneanp) adAy Apms

Sumas pue Apns

BMJ | ONLINE FIRST | bmj.com

page 8 of 17



RESEARCH

s/t

‘€ dnoi8 ‘g /€€ ‘T dnois ‘6%
/9T ‘1 dnois :ainssaid pooiq
19818 "84 Ww (0'8 AS) £°0-
‘¢ dnois ‘8H ww (£'8 aS) 8'1-
‘7 dnous *3H ww (£'8 aS) 0°Z-
‘7 dnoig :21j03SEIp Ul UOIDNPaY
“SH ww (6'S1.0S) 2°0

‘€ dnoi3 $8H ww (0°01 QS) T'e-
‘zdnoi8 ‘84 wwi ($°11.4dS) 6°0-

ajenbape
:8ulpuq ‘(paguasap
10U) JE3JIUN JUSLW|B3IUOD

8H ww §8/0€T>
1981e) 3unssaid poojq pue
ainssaid poojq d1j0lselp

sanuiw
9/l 10§ Pa)eas Suljsal JaYye saInuIW QT

J1oj sanuiw om} A1 (N ‘asedyyesH 39
‘d/XS 9781 dYWVNIQ) Jo)uow

pajewolne yjim painseaw ainssaid

poojg ‘a1ed jensn :¢ dnoig “1eak auo

10J “noy auo o) dn Su1ise| suoissas Ajyluow
928) 01928 U] Pa)]asuN02 iz dnoio “Jeak suo
10J suolje)nNsuod auoydalal anuiw G1-0T

(¢ dnous)
(24e2 Arewnd) o1und

uoljed0||e “(PaquUasap jou)  Ajyjuow Aq pamo)|oj ‘s1030ey SU BUISSNISIP  pa] asinu pue (T dnols)

sao1oeid |esauas woyy

PalInIdaL ‘aseasip ueay
Aieuo1o0) 1o sajeqelp ¢
adA1 yum o ‘(uawieas)
SuiARI31 3IYM

8H ww 06¢ dNj01seIp 10
8H ww O#7 1< 211035AS Se
pauyap) uojsuapadiy

(syluow g1
) uopesiwopuels
22019 yum jery

salpnis Aljenb pooo,

*ApniS sa1aqelq aAdadsold wopSuly payun =SAdMN ¢ dSeasiq 1BINISBAOIpIR) Ul SjuBUIWIRIdQ pue Spual] Suloyuol uoneziuesio yiesH pUoM=¥IINOW OHM

elensny

‘1 dnou8 :21]035As uj uoONPay  pue 21)03SAS Ul UOIINPaY  Jeajdun uoljelauas aduanbag U0ISSas 9Je) 0} 92k) Jeul :T dnoiy  Sunoyuow suoyda)ja) 15/vS/6% UNM G/-0z pase sINpy  pa)jo1juod pasiwopuey  ‘Yudd ,, €00Z PIelOOM
0IN ‘aIe2y)eaH 39 *XS9Y8T
dVINVNIQ) J03iuow pajewolne yum
sajnulw QT 10§ pajeas Sulaq Jaye sjeaaiul
SHwWw (8'8QS) 0'T 9NUIW 931} I S)USWIINSEIW 331y}
‘c dnous ‘8H ww (£'8 S) 0°Z- JO ueaW Sem ainssaid poojg “aied |ensn
‘zdnoi8 ‘84 ww (601 4S) 0°'T- (papul)q Jou sjuedidiued :¢ dnou9 "pea)sul SUOISSas 3y 0] Ie)
‘1 dnoig :21)03SeIp U] UOIINPIY pue asinu) ajenbapeul  anujw G# XIs usAiS Ing T dnous se iz dnoug
*8H ww (891 @S) 0°f7- Sulpullq ‘(paquasap  *suoIssas Suljjasunod auoyds)al anuiw T (z dnoig)
‘¢ dnou8 ‘8H wwi (1°1€QdS) 0°8- 10U) JB3]OUN JUBW|B3IUO0D a1y Aq pamoy|oj ‘lenuew euoljeanpa Aq (2402 Arewnd) ojund aled Arewnd
‘zdnoi8 8H wwi (8'57.S) 0°9- ainssaid poojq d1j01seIp uopedojje ‘(paquasaplou)  papoddns ‘s1030e) ysu SuISSNISIP UOISSAS  Pal asinu pue (T dnois) u1 paynidal syualjed (S399m 8T) e} eljensny
‘1 dnois :211015As ul uoiPNpPay pue 2110JsAs ul uo1INPaY  Je3)dUN UoIjeIBUSS 3dusNbag |nujw §T 92e) 0} 92ky 318uls :T dnoig  Sunojuow suoydaja| 8%7/9%/TS aAIsuapadAy pajeal]  Pajjoijuod pasiwopuey  ‘YWad o, ‘G661 PARIJOOM
Apnis yyeaH
pajeas sanuiw 0]SQ Woly pajinIdal
(papullq  aAY Ja)e painseaw ainssaid poojg ‘|apow (8H ww 66-06 inssaid
1013u0 10§ SH ww (8 4S) jou asinu) ajenbapeur  a8ueyd Jo saSe]S UIADS JudLISRURW J|9S poojq J1j01seIp
76 ‘uonuaARlul Joj SH wuw (8 Sulpullq ‘(paquISSp  |eINOIABYS( UO paseq ‘aoid st jenpiAlpul pue SH ww 69T
as) 16 :21101se1q *|0J3u02 40j SH 10U) JB3J2UN JUBW|E3IU0D 0} SulpI0II. SINoIARY3( 91A1Sa1) Sujowoid -0%1 ainssaid poojq
wuw (0T @S) €1 ‘uoizuandul ainssaid uoljedojje ‘@jenbape 9SINU Y}IM SUO|SSIS ajnuiw Og Alyjuow (2482 A1epU023S) 2110154s) uoisuapadAy (Syjuow xis) jeuy RemioN
10J 8H ww (6 4S) Z#1 :211035AS  p00]q 21)0ISEIP pUB 1|0)SAS uofjelauas 9ouanbag  juanbasqns pue uoIssas AnuIW O9 [e1IU| 21ul]d pa] asINN [SATVAA1 UNM 69-0€ pase SINpY  Pa)j01juod pasiwopuey  0]SQ 4, /00T PeISUOL
sanuiw 0€
10} PaJeas JaYe JNd JLIBWO]|1ISO
pajewojne (epeue) ‘wepinbod) ny1dg
1013u02 J0j SH W Y}M painseaw ainssaid poojg ‘syjuow g1
(1°11 @S) 8'9- ‘uonuaAIRul PUE ‘3UJU XIS ‘D31U} PUB SH29M XIS J© (8H ww 08
10J 8H ww (9°01 @S) 9°T1- (Apmis  sjuawjuiodde dn-mojjoy 8sinN “ddUBIBYPE /0€1< ainssaid poojq)
:21]0JSBIp Ul UOIINP3Y 010D uado) ajenbapeu Suipung paseinodua pue ‘j020301d |B20) 0} uoisuapadAy pue
10j 8H ww (9°81 4S) 0°ZT~ ‘9)enbape juswieasuod  Suipiodde uoisuauadAy 1oy sSnip pasueyd Buiquoasaid sajaqelp g adAy yym
‘uoljuanIdlul 10y SH Ww (S°ET ainssaid poojq d1j01seIp uoljedo)je ‘ajenbape ‘paSeuew asinu pue 3]A}sayl] uo 9JIAPR  3SINU pue ‘SuojuowW 81 pasezajdoad uelpu| (syuow zT1) 1euy
@S) 0°7g-:2110)sAs uruodNPay  pue 21j01sAS uj uoiINpay uonelauas aouanbag PaINJONIIS PAISAISP 9SINU BB BWOH  AJunwwod ‘wyiuos)y 17]8% uedLBWY SUOIJRUISIY, Pa]|0JIU0D Pasiwopuey epeue) ,‘900¢ 390
Jodo301d pue JajpwouewowsAyds
And1aw pasiplepuels, e Ylim painsesw
ainssaid poojg *(000Z UoNEeIOSSY
1043U02 10§ 99/87 ‘uonuBAIBIUL $9]9qeI([ UedlaWY) Sauljaping jeuoijeu
10§ 19/¢¢€ :aunssaid poojq 0} Sulpiod2e Juswieas) pidi) pue ainssaid 95e3S|p JB|NISEAOIPIED
1981e] "]013U02 J0J SH WW (Z°ZT po0|q 2139qeIp 10j SWIL0S)e JusWIeal} 1o ‘ejwaepidisAp
@s) ¢'i7/ ‘uonuanlul 10y SH Pasn S1aSeuBW a1ed 3SINN "SHIIM 7§ ‘uoisuapadAy
ww (6°0T @S) §°SZ :d1j0iselq J1j0)sAs  @1enbapesulpuliq ‘(paquasap  un sjjed sauoydala) dn-mojjo) usy) ‘Syeam J0 Buo pue
*043u02 40§ SH Wwi (§'6T  SHww Qg T>3981e331nss1d 10U) JB3JIUN JUSLW|R3IUO0D inoy 1oy Apjaam suoissas dnou unoy z-1 Suiquasaid %0T<¢ Ty uiqojSowaey
@s) T°ZET ‘uonuandlul 1oy SH poojq pue ainssaid uopedo|je ‘(paquasap jou)  ‘swwessoid JuswaSeuew Jjas dojaasp pue  asinu pue ‘Sunojuow Yim ‘g1z pase (Syauow zT) jeuy VSN ‘eluloje) ‘ere))
wuw (8'%T S) 6°0€T :21]01SAS  po0]q 21j0lSeIp puedl|0ISAS  Jes)oun uoljesauas aduanbag  aieI MalA) 0] asINU yIMSul@aw anuiw Q6 auoydala) ‘wyluosly 99/19 s9)aqelp yum ajdoad  pajjoljuod pasiwopuey ejues | €007 Jolhe]
1043u02 10j 8H wWw (L6
as) 6'6Z ‘uonuanalul 1oy SH (papullq jou paquasap
ww (10T @S) #'08 :21j01se1q sasinu) ajenbapeul Suipuljq  joujuswainseaw ainssald poojq o poys 8H ww 06z 10 0512 SR
*1043u02 10j SH Ww (6°0C ‘9)enbape juswieasuod ‘SYIuOW OM] JBYe (S)Nuiw OT) UOISSaS paulap uoisuspadiy
as) £'Zy1 ‘uonuanalul 1oy SH ainssaid uoljedojje ‘ajenbape dn-mo)j0j yim (sainuiw o) uoddns (24e2 Aewnd) pajjosuodun (syuow xis) jeuy puejdu3 ‘joisug
ww (9°21 4S) 6°TH1 :2101SAS  po0]q21101SRIP PURII0ISAS uoljesauas aduanbag 9JUBJaYPE UO UOISSAS PaIdAI|ap 3SINN 21U1)2 pa) asINN %6/011 yum syuedidiped  pajjoiuod pasiwopuey £,500 13pa0IYd5
synsay Lpajpenxs s«uawspn( Ayjend SuoljuaAIBlu| pasAjeue sdnoiSqns (s1043u0d sjuedpiped (uoneunp) adAy Apmis Sumas pue Apnis
S2INSeaw awodnQ /uonuaniajul)
9z|s a|dwes

page 9 of 17

BMJ | ONLINE FIRST | bmj.com



Table 2|Summary of meta-analyses of studies using nurse led interventions to manage hypertension.

stated otherwise

Good quality studies

Values

are for weighted mean differences unless

All studies

Study characteristics Mean (95% Cl) Heterogeneity* Mean (95% Cl) Heterogeneity*

Use of algorithm:
SBP at follow-up N NR (n=1) N NR - NR (n=5) © P=0.003; P=75%
DBP at follow-up NR (n=1) NR NR (n=6) P<0.001; 1>=83%
Change in SBP (mm Hg) from baseline  -97(-140t0-5.4) (n=2)  P=0.58 =0%  -82(-115t0-49) (n=4)  P=0.66; *=0%
Change in DBP (mm Hg) from baseline -4.3 (-7.4t0-1.2) (n=2) P=0.23; I>=30% NR (n=5) P<0.001; 1*=88%
Achievement of study blood pressure target (relative risk) N 1.09 (0.93t0 1.27) (n=3) N P=0.12; I>=53% - NR (n=10) N P=0.006; 1>=61%
Use of antihypertensive drugs (relative risk) NR (n=1) NR NR (n=6) P<0.001; >=91%

Nurse led clinics in primary care: N
SBP at follow-up NR (n=2) P=0.008; 1>=86% NR (n=4) P=0.004; 1>=77%
DBP at follow-up -2.9 (-6.9t0 1.1) (n=2) P=0.10; I>=63% NR (n=4) P=0.03; I>=66%
Change in SBP from baseline (WMD) N NR (n=1) N NR  35(-59t0-1.1)(1=6)  P=0.16; P=36%
Change in DBP from baseline NR (n=1) NR -1.9 (-3.4 to -0.5) (n=6) P=0.12; I”=43%
Achievement of study blood pressure target (relative risk) N 1.14 (0.83 t0 1.57) (n=2) N P=0.06; 1>=72% - NR (n=7) N P=0.02; I>=61%
Use of antihypertensive drugs (relative risk) NR (n=1) NR - NR (n=4) P<0.001; 1*=90%

Nurse led clinics in secondary care:
SBP at follow-up NR (n=1) NR NR (n=3) P=0.01; I*=76%
DBP at follow-up B NR (n=1) B NR  -14(-3610086) (1=3)  P=0.88;=0%
Change in SBP from baseline NR (n=0) NR NR (n=1) NR
Change in DBP from baseline - NR (n=0) - NR - NR (n=1) - NR
Achievement of study blood pressure target (relative risk) NR (n=1) NR 1.47 (0.79 to 2.74) {3} P=0.06; 1>=65%
Use of antihypertensive drugs (relative risk) NR (n=1) NR NR (n=1) NR

Nurse prescribing: N N N N
SBP at follow-up NR (n=1) NR -7.2 (-10.9 to -3.5) (n=4) P=0.14; >=45%
DBP at follow up B NR (n=1) B NR - NR (n=5)  P=0.03; P=63%
Change in SBP from baseline -9.7 (-14.0 to -5.4) (n=2) P=0.58; 1>=0% -8.9 (-12.5t0 -5.3) (n=3) P=0.69; 1>=0%
Change in DBP from baseline N =-4.3 (-7.41t0-1.2) (n=2) N P=0.23; I>=30% - =4.0 (-5.3 to =2.7) (n=4) N P=0.66; 1>=0%

Achievement of study blood pressure target (relative risk)

1.20 (0.96 to 1.50) (n=2)

P=0.24; ’=27%

NR (n=6) P=0.04; ’=57%

Use of antihypertensive drugs (relative risk)

Telephone monitoring:

NR (n=1)

NR

NR (n=3) P=0.01; ’=78%

SBP at follow-up

- -2.9 (-7.510 1.6) (n=4) -

P=0.05; I’=62%

-3.5 (-7.4 t0 0.4) (n=5) P=0.05; ’=58%

DBP at follow-up NR (n=2) P=0.02; I>=81% -1.1 (-5.8t0 3.6) (n=3) P=0.06; ’=65%
Change in SBP from baseline NR (n=1) NR -3.9 (-8.9t0 1.0) (n=3) P=0.17; ”=44%
Change in DBP from baseline B NR (n=1) B NR - -2.1 (-4.1t0-0.3) (n=3) B P=0.72; I’=0%
Achievement of study blood pressure target (relative risk) NR (n=1) NR 1.24 (1.08 to 1.43) (n=3) P=1.00; I>=0%
Use of antihypertensive drugs (relative risk) NR (n=1) o NR - NR (n=1) - NR
Community monitoring:

SBP at follow-up -3.4 (-6.1t0 -0.7) (n=4) P=0.21; I’=33% NR (n=6) P=0.03; I>=60%
DBP at follow-up B NR (n=4) C P=00%P=69% NR (n=7)  P=0.01; P=64%
Change in SBP from baseline -4.8 (-8.3t0-1.2) (n=2) P=0.18; I*=44% -4.8 (-7.0 to -2.7) (n=4) P=0.51; I>=0%
Change in DBP from baseline B -3.1 (-4.8t0-1.3) (n=2) B P=0.22; I>=33% S -3.5 (-4.5 to =2.5) (n=4) B P=0.54; >=0%

Achievement of study blood pressure target (relative risk)

Use of antihypertensive drugs (relative risk)

NR (n=1)
NR (n=1)

NR
NR

NR (n=4)
NR (n=4)

P<0.001; >=90%
P<0.001; 1>=90%

Ethnic minority analyses
SBP at follow-up:

African American

-7.8 (-14.6 t0 -0.9) (n=4)

P=0.05; ’=63%

-6.3 (-10.7 to -1.9 (n=5) P=0.06; ’=56%

Chinese 2.6 (-7.5102.3) (1=3) P=0.04; *=68% 226 (-7.5102.3) (1=3) P=0.04; P=68%

Pooled minority groups N NR (n=7)  P=0.009; P=65% NR (n=10) © P=0.009; =59%
DBP at follow-up:

African American B NR (n=4) C p=0.02P=71% NR (n=5) © P=0.03; =62%

Chinese

Pooled minority groups

~ -05(-23t013)(n=3)

-1.7 (-3.9t0 0.6) (n=7)

P=0.61; 1>=0%
P=0.06; ’=51%

~ 05(-23t013)(n=3)

P=0.61; ’=0%

-1.7 (3.0 to -0.4) (n=10) P=0.07; ’=43%

Change in SBP from baseline:

African American

Chinese

NR (n=1)
NR (n=1)

NR
NR

NR (n=1) NR

NR (n=1) NR
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Good quality studies All studies
Study characteristics Mean (95% Cl) Heterogeneity* Mean (95% Cl) Heterogeneity*
Mixed non-white NR (n=0) NR -17.1(-29.5t0-4.8) (n=2) P=0.59; 1>=0%
Pooled minority groups -84 (-12.0t0-47) (=)  P=032;P=1%  -8.1(-11.0t0-5.2) (n=6) P=0.53; I’=0%
Change in DBP from baseline: N N N N
African American NR (n=1) NR NR (n=1) NR
Chinese - NR (n=1) - NR - NR (n=1) - NR
Mixed non-white NR (n=0) NR -7.9 (-16.3t0 0.6) (n=2) P=0.26; 1>=21%

Pooled minority groups -3.7 (-8.2t0 0.7) (n=2)

Achievement of study blood pressure target (relative risk):

P=0.08; ’=67%

-4.1 (-6.4 to -1.8) (n=6) P=0.27; ’=22%

Pooled minority groups NR (n=1) NR NR (n=3) P=0.04; 1>=68%
Use of antihypertensive drugs (relative risk) N N

South Asian NR (n=0) NR 1.22 (0.90 to 1.65) (n=2) P=0.22; >=34%
Pooled minority groups NR (n=1) NR 1.22 (1.02 t0 1.47) (n=4) P=0.33; I>=12%

SBP=systolic blood pressure; DBP=diastolic blood pressure; NR=not reported as pooling not undertaken due to significant heterogeneity or absence of data.

*P value from x? test.

Only one good quality study reported absolute blood
pressure as an outcome, but pooling of four studies
showed a significantly lower absolute outcome systolic
blood pressure in favour of nurse prescribing: weighted
mean difference —7.2 mm Hg (95% confidence interval
—10.9 to —3.5).30813740

Two good quality studies showed no difference in
achievement of study blood pressure target (relative
risk 1.20,95% confidence interval 0.96 to 1.50).*°*® Sig-
nificant statistical and clinical heterogeneity precluded
further pooled analysis.

Telephone monitoring
Seven studies included telephone monitoring of blood
pressure by nurses.””®' Meta-analysis of four groups
from three good quality studies showed no significant
difference in outcome systolic blood pressure
(weighted mean difference —2.9 mm Hg, 95% confi-
dence interval 7.5 to 1.6).222°% Pooling of all studies
gave a similar result (~3.5 mm Hg, —7.4 to 0.4; fig 4),
and pooling of three studies also showed no difference
for outcome diastolic blood pressure (—1.1 mm Hg,
~5.8 to 3.6).262031

Pooled data from three studies (one of good
quality®®) showed a higher achievement of study
blood pressure targets with telephone monitoring
than with usual care (relative risk 1.24, 95% confidence
interval 1.08 to 1.43).

252731

Community monitoring
Eight studies involved nurse interventions delivered
outside of healthcare settings. Locations included the
home,*****7*° community centres,**" or a choice of
both.** One study was set in the workplace® and one
in a pharmacy.*® Pooled data from four good quality
studies****** showed a lower outcome systolic blood
pressure in favour of monitoring in the community
(weighted mean difference —3.4 mm Hg, 95% confi-
dence interval —6.1 to —0.7; fig 5) and two good quality
studies showed greater magnitudes of blood pressure
reduction with community monitoring than with usual
care: systolic —4.7 mm Hg (—8.3 to —1.2) and diastolic
—3.1 mm Hg (-4.8 to —1.3).%23* Pooling of data from all
four studies also showed a greater magnitude of reduc-
tions in favour of the intervention: systolic —4.8 mm Hg
(=7.0t0—2.7)32343657 and diastolic 3.5 mm Hg (—4.5 to
_2'5)'32343537

Four studies,****** including one of good quality,*
reported significantly better achievement of blood
pressure targets in favour of the intervention, but sig-
nificant heterogeneity precluded pooled analysis.

Nurse led clinics

Fourteen studies were of nurse led clinics in primary
care®0 3272835384350 gnd  six in secondary care
settings.**** For primary care studies, two of good qual-

ity showed no difference in diastolic blood pressure

Mean difference Mean difference

Algorithm Usual care (inverse variance, Weight (inverse variance,

Study Mean SD Total Mean SD Total random, 95% CI) (%) random, 95% CI)
Hill 2003* -7.5 222 125 3.4 250 106 —a— 28.9 -10.90 (-17.05 to -4.75)
O'Hare 2004 -6.7 21.2 41 -2.1 17.47 40 L 15.3  -4.60 (-13.05 to 3.85)
Rudd 2004* -14.2 17.2 69 -5.7 18.7 68 —— 30.2 -8.50(-14.52t0-2.48)
Tobe 2006 -24.0 13.5 48 -17.0 18.6 47 — 25.5 -7.00 (-13.55 to -0.45)
Total (95% Cl) 283 261 - 100.0 -8.21(-11.52t0-4.91)
Test for heterogeneity: 12=0.00, >=1.58, df=3, P=0.66, 1’=0%

-20 -15 -10 -5 0 5
Test for overall effect: z=4.87, P<0.001

Favours Favours

algorithm usual care

* Good quality study

Fig 2| Change in systolic blood pressure with nurse led use of algorithm compared with usual care
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Nurse prescribing Usual care
Study Mean SD Total Mean SD Total

Change in systolic blood pressure

Hill 2003* -7.5 222 125 3.4 25.0 106
Rudd 2004* -14.2 17.2 69 -5.7 187 68
Tobe 2006 -24.0 13.5 48 -17.0 18.6 47
Total (95% CI) 242 221

Test for heterogeneity: 2=0.00, x2=0.75, df=2, P=0.69, 1’=0%
Test for overall effect: z=4.84, P<0.001

Change in diastolic blood pressure

Mean difference Mean difference

(inverse variance, Weight (inverse variance,
random, 95% CI) (%) random, 95% CI)
—— 34.2 -10.90 (-17.05 to -4.75)
— 35.7 -8.50 (-14.52t0 -2.48)
— 30.1 -7.00 (-13.55 to -0.45)
‘ 100.0 -8.87 (-12.46,-5.27)

Hill 2003* -10.1 15.8 125 -3.7 18.6 106 8.7 -6.40 (-10.90 to -1.90)
Logan 1979 -9.9 8.6 206 -6.1 8.6 204 —— 63.1 -3.80 (-5.46 t0 -2.14)
Rudd 2004* -6.5 10.0 69 3.4 8.0 68 — 19.1 -3.10 (-6.13 t0 -0.07)
Tobe 2006 -11.6 10.6 48 -6.8 11.1 47 e 9.2 -4.80 (-9.17 to0 -0.43)
Total (95% CI) 448 425 <> 100.0  -3.98 (-5.31t0 -2.66)
Test forh ity: 1°=0.00, 3’=1.62, df=3, P=0.66, 1’=0%
est for heterogeneity: 1°=0.00, 6 3 0.66 0% 20 15 10 5 0 5
Test for overall effect: z=5.90, P<0.001
Favours Favours
nurse prescribing usual care

* Good quality study

Fig 3| Changes in blood pressure with interventions including nurse prescribing compared with usual care

(2.9 mm Hg, —6.9 to 1.1).°*° Pooling of all studies
showed a greater magnitude of reduction in blood pres-
sure for nurse led clinics compared with usual care (sys-
tolic —3.5 mm Hg, —5.9 to —1.1 and diastolic —1.9 mm
Hg, —3.4 to —0.5; fig 6),2227284°! and two good quality
studies showed no difference in achievement of blood
pressure targets with nurse led clinics (relative risk 1.14,
95% confidence interval 0.83 to 1.57).2240

For secondary care clinics, only two were of good
quality and did not report comparable outcomes.***®
For all studies, pooling of data from three studies
showed no difference in outcome diastolic blood pres-
sure (weighted mean difference —1.4 mm Hg, —3.6 to
0.86)**4* and no greater achievement of study blood
pressure targets (relative risk 1.47, 95% confidence
interval 0.79 to 2.74)**"*® in nurse led clinics com-
pared with usual care.

Ethnicity
Significantly lower systolic blood pressure was achieved
for any nurse led intervention for four groups from three

Telephone monitoring Usual care
Study Mean SD Total Mean SD Total

Artinian 2001* 124.1 13.8 6 143.3 10.7 9

Artinian 2007* 145.0 21.0 167 148.1 223 169
Bosworth 2009 (1)* 136.3 19.2 144 136.8 19.1 143
Bosworth 2009 (2)* 136.8 20.8 150 136.9 19.7 151

good quality studies recruiting African American parti-
cipants (weighted mean difference —7.8 mm Hg, 95%
confidence interval —14.6 to —0.9) >***° but neither sys-
tolic nor diastolic blood pressure was lower on pooling
of three good quality studies of Chinese participants
(systolic —2.6 mm Hg, 7.5 to 2.3 and diastolic
-0.5 mm Hg, —2.3 to 1.3; fig 7).%****% Pooling of two
studies, neither of good quality, showed no significant
increase in the use of antihypertensive drugs in South
Asian participants (relative risk 1.22, 95% confidence
interval 0.90 to 1.65),'°* but pooling of four studies
across different ethnic groupings did show a small
increase in favour of any nurse led intervention com-
pared with usual care (1.22, 1.02 to 1.47). 19232444

Cost and cost effectiveness

Only four studies presented any data. From the United
Kingdom one study reported a cost per patient of £434
(€525, $632) over two years to provide additional
nurse clinics and support from specialist nurses, repre-
senting £28 933 per quality adjusted life year gained"

Mean difference Mean difference
(inverse variance, Weight (inverse variance,
random, 95% Cl) (%) random, 95% ClI)

7.2 -19.20(-32.27 t0-6.13)

—— 24.1  -3.10(-7.73t0 1.53)
. 24.8  -0.50 (-4.93 10 3.93)
—— 243 -0.10 (-4.68 t0 4.48)

Taylor 2003 130.9 14.8 61 137.1 19.5 66 — 19.6 -6.20(-12.19t0-0.21)
Total (95% Cl) 528 538 e 2 100.0 -3.49 (-7.39 t0 0.41)
Test for heterogeneity: 12=10.86, x?=9.64, df=4, P=0.05, 1’=58%

-40 -30 -20 -10 0 10
Test for overall effect: z=1.75, P=0.08

Favours Favours

telephone monitoring usual care

* Good quality study

Fig 4| Absolute systolic blood pressure after nurse led telephone monitoring compared with usual care
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Community monitoring Usual care

Mean difference Mean difference

(inverse variance, Weight (inverse variance,
Study Mean SD Total Mean SD Total random, 95% CI) (%) random, 95% Cl)
Artinian 2001 142.3 12.1 6 143.3 10.7 9 4.7 -1.00 (-12.94 t0 10.94)
Garcia-Pena 2001  155.1 17.3 345  158.2 16.6 338 - 45.0  -3.10 (-5.64 t0 -0.56)
Jiang 2007 129.8 12.1 83 130.7 15.0 84 —— 27.0 -0.90 (-5.03 to 3.23)
Lee 2007 136.2 16.7 91 143.6 153 93 —— 23.2  -7.40(-12.03t0-2.77)
Total (95% Cl) 525 524 ‘ 100.0 -3.40 (-6.08 to -0.73)
Test for heterogeneity: 1°=2.46, x’=4.47, df=3, P=0.21, 1’=33%
-20 -10 0 10 20
Test for overall effect: z=2.49, P=0.01
Favours Favours
community monitoring usual care

Fig 5| Absolute systolic blood pressure after community nurse led interventions compared with usual care for good quality

studies

and another study found that primary care costs were
£9.50 per patient compared with £5.08 for usual care.*
In the United States a study reported a 50% higher total
cost of staff at $134.68 (£92.65, €111.90) per patient
treated in a nurse led clinic compared with $93.70 for
usual care,'” but a Mexican study reported $4 (£2.75,
€3.32) per patient or $1 per 1 mm Hg reduction of sys-
tolic blood pressure.*

DISCUSSION

In comparison with usual patterns of care, nurse led
interventions that included a stepped treatment algo-
rithm showed significantly greater reductions of systo-
lic and diastolic blood pressure, but this was not
associated with higher achievement of blood pressure
targets. Studies incorporating nurse led prescribing

Nurse led care Usual care
Study Mean SD Total Mean SD Total

Change in systolic blood pressure

Hill 2003* -7.5 22.2 125 3.4 25.0 106
Kastarinen 2002 (treatment) -6.0 17.3 185 -4.7 14.0 189
Kastarinen 2002 (no treatment) -2.0 11.5 175 0.4 10.8 166

O'Hare 2004 -6.7 21.2 41 -2.1 17.47 40
Woollard 1995 -8.0 31.1 46 -4.0 16.8 48
Woollard 2003 -3.1 10.0 54 0.2 159 57
Total (95% ClI) 626 606

Test for heterogeneity: 12=3.00, x?=7.86, df=5, P=0.16, 1’=36%
Test for overall effect: z=2.84, P=0.005

Change in diastolic blood pressure

Hill 2003* -10.1 15.8 125 -3.7 18.6 106

Kastarinen 2002 (no treatment) -2.4 6.7 175 -0.4 6.6 166

Kastarinen 2002 (treatment) -3.8 8.7 185 -3.7 8.1 189

O'Hare 2004 -3.1 10.6 22 0.3 10.0 22

Woollard 1995 -2.0 8.7 46 1.0 8.8 48

Woollard 2003 -1.8 8.7 54 -0.7 8.0 57
Total (95% Cl) 607 588
Test for heterogeneity: 12=1.28, 1?=8.70, df=5, P=0.12, 1’=43%
Test for overall effect: z=2.55, P=0.01

Favours
nurse led clinics

* Good quality study

also showed bigger reductions of systolic and diastolic
blood pressure. Telephone monitoring was associated
with higher achievement of study targets for blood
pressure. Community monitoring showed lower out-
come systolic blood pressure, greater reductions in sys-
tolic and diastolic blood pressure, and, although
pooling of data was not possible, greater achievement
of study blood pressure targets. Nurse led clinics in
primary care achieved greater reductions in systolic
and diastolic blood pressure compared with usual
care. No clear beneficial effects on our primary out-
comes were observed from secondary care clinics.

Pooled interventions showed significantly lower sys-
tolic blood pressure in African American participants
with nurse led interventions than with usual care, but
little difference for other ethnic minority groups.

Mean difference
Weight (inverse variance,

Mean difference
(inverse variance,

random, 95% CI) (%) random, 95% CI)
— 11.7 -10.90 (-17.05 to -4.75)
—. 26.5  -1.30 (-4.49 to 1.89)
—— 33.6 -2.40 (-4.77 t0-0.03)

- . 7.0  -4.60 (-13.05 to 3.85)
5.0 -4.00(-14.17 t0 6.17)
— 16.2 -3.30(-8.21t0 1.61)

e 100.0 -3.48(-5.88t0-1.08)

8.6 -6.40(-10.90 to -1.90)

== 31.3  -2.00 (-3.41t0-0.59)
—— 27.7 010 (-1.80 t0 1.60)

— 52 -3.40 (-9.49 t0 2.69)
B 12.4  -3.00 (-6.54 t0 0.54)
— 14.8  -1.10 (-4.21 10 2.01)
> 100.0 -1.92 (-3.39 to -0.45)

-15 -10 -5 0 5 10

Favours
usual care

Fig 6| Changes in blood pressure with primary care nurse led clinics compared with usual care
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Strengths and limitations of this review

Since blood pressure was reported variously as final
blood pressure or change from baseline for systolic or
diastolic readings, less pooling of results was possible
than may have been anticipated.

Thirteen of the 33 included randomised controlled
trials met our quality criteria. Only three of these were
from the United Kingdom?****® and none investigated
an unselected primary care hypertensive population.
Therefore the evidence base for nurse led care of hyper-
tension in the United Kingdom relies on generalisation
of findings from other, principally American, health-
care systems. In total, 12 trials were identified from the
United Kingdom, of which six studied blood pressure
control in people with diabetes'®'?2>234448 " four in
patients with ischaemic heart disease, and two
in people with uncontrolled hypertension.

20213950

3843

We restricted our search to articles in English, which
may have excluded some potential international data;
however, we consider it unlikely that significant evi-
dence applicable to UK health care would have only
been published in another language.

Nurse led care Usual care
Study Mean SD Total Mean SD Total

African American

Artinian 2001 (community)* 142.3 12.1 6 143.3 10.7 5
Artinian 2001 (telephone)* 124.1 13.8 6 143.3 10.7 4

Artinian 2007* 145.0 21.0 167 148.1 22.3 169
Becker 2005 130.0 14.0 177 134.0 17.0 152
Hill 2003* 139.3 22.2 125 150.9 25.0 106
Subtotal (95% Cl) 481 436

Test for heterogeneity: 12=12.18, x?=9.05, df=4, P=0.06, 1’=56%
Test for overall effect: z=2.80, P=0.005

Mixed non-white

Denver 2003 141.1 19.3 59 151 21.9 56
Subtotal (95% CI) 59 56
Test for heterogeneity: Not applicable
Test for overall effect: z=2.57, P=0.01

South Asian
Bellary 2008 134.3 21.1 868 136.4 20.3 618
Subtotal (95% Cl) 868 618

Test for heterogeneity: Not applicable
Test for overall effect: z=1.93, P=0.05

Chinese

Jiang 2007* 129.8 12.1 83 130.7 15.0 84
Ko 2004* 139.0 21.0 90 138.0 19.0 88
Lee 2007* 136.2 16.7 91 143.6 15.3 93
Subtotal (95% Cl) 264 265

Test for heterogeneity: 12=12.72, x?=6.21, df=2, P=0.04, 1’=68%
Test for overall effect: z=1.03, P=0.30

The usual reason for judging a trial’s quality as
inadequate was weakness of blinding. As it was not
possible for the participants to always be blinded to
whether they were seeing a doctor, nurse, or other
health professional, this limitation must be accepted
for any face to face intervention. We aimed to assess
blinding of the researchers collecting outcome data to
the intervention; these were often the same nurses who
delivered the intervention and therefore were open to
bias. This lack of formal blinding in trials is recognised
asamethodological challenge’! but need notbe seen as
a limitation because implementation of these findings
would also necessarily be unblinded, so a pragmatic
approach to studying these interventions can be
relevant.”® Future trials will, however, need careful
design to minimise bias.

One third of studies gave no description of the
method used to measure blood pressure and only
seven referred to published guidelines on blood pres-
sure measurement, therefore the reliability of reported
outcome measures cannot be judged easily.

Although interventions such as use of algorithms
and nurse prescribing were associated with meaningful

Mean difference
Weight (inverse variance,

Mean difference
(inverse variance,

random, 95% Cl) (%) random, 95% CI)
—— 8.5 -1.00 (-14.48 to 12.48)
7.0 -19.20 (-34.43 t0 -3.97)
—— 28.4 -3.10(-7.731t01.53)
—— 33.2 -4.00 (-7.40 to -0.60)
—— 22.9 -11.60 (-17.75 to -5.45)
- 100.0 -6.29 (-10.69 to -1.89)

100.0 -9.90 (-17.46 to -2.34)
100.0 -9.90 (-17.46 to -2.34)

=

100.0 -2.10 (-4.23t0 0.03)
100.0 -2.10 (-4.23t0 0.03)

(1 |

36.7 -0.90 (-5.03 to 3.23)

29.0 1.00 (-4.88t0 6.88)
—a— 34.4 -7.40 (-12.03t0-2.77)

100.0 -2.58 (-7.50t0 2.33)

30 -20 10 0 10 20

Favours Favours
nurse led care usual care

* Good quality study

Fig 7| Systolic blood pressure readings for participants from ethnic minority groups
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blood pressure reductions there was not a concomitant
rise in achievement of target blood pressure. Although
apparently inconsistent this could be a sample size
effect, with some studies underpowered to show differ-
ences in dichotomous outcomes. It may also be
explained by the noticeable variation in individual
blood pressure targets in the studies, which were some-
times composite or multiple.'®'?3°** Therefore report-
ing of absolute blood pressure reductions may be the
more robust outcome measure for comparison in
future reviews.

Many studies combined the use of a treatment algo-
rithm with the nurse intervention; therefore the results
contributed to both analyses. It was not possible within
this review to separate out thoroughly the components
of each intervention that were or were not effective.

For most studies the duration of follow-up was rela-
tively short; only five followed participants for more
than 12 months.'?2!2°44! Therefore it is not possible
to extrapolate the findings as sustained benefits of the
interventions.

We present evidence of benefit in some studies of
ethnic minority groups because hypertension is recog-
nised to carry higher levels of morbidity and mortality
in some such populations.® These findings, however,
pool different types of intervention so cannot identify
specific nurse led interventions of benefit in these
groups. Furthermore, the “usual care” arm of some stu-
dies, predominantly from America,”*?****° repre-
sented minimal care; therefore the benefits shown
may be larger than could be expected if introduced to
more inclusive healthcare systems, such as are found in
the United Kingdom.

We included cost and cost effectiveness as a second-
ary outcome measure. It is, however, possible that
other papers discussing this outcome (that is, non-ran-
domised controlled trials) were not retrieved by our
search strategy. Therefore a more thorough primary
review of cost data may be needed.

Comparison with existing literature
The traditional view of the nurse’s role in hypertension
care is to educate, advise, measure blood pressure,”
and enhance self management.”® Previous reviews
have suggested that nurse led care may achieve better
outcomes by increased adherence to protocols and
guidelines, but we found insufficient evidence to con-
firm this." The most recent review'* identified an orga-
nised system of regular review and stepped care as
essential components of successful interventions. This
updated review supports this view, showing benefits in
blood pressure reduction with the use of a treatment
algorithm. No previous review has found sufficient evi-
dence to support the assertion that nurse prescribing
should be a key component of nurse interventions for
hypertension'*; however, this review has shown better
blood pressure outcomes in favour of nurse prescrib-
ing based on studies in American healthcare systems.
Interventions varied greatly in intensity and presum-
ably therefore in cost. Lack of information on cost
effectiveness has been identified previously,” and

although this was only a secondary outcome measure
for this review we noted that only four studies, includ-
ing one of good quality,* reported on costs.'?****47 All
four showed higher costs for the intervention,
approaching 50% higher in two cases.***” Only one
study seemed to be cost effective,* but costs depend
on the healthcare system within which the intervention
is delivered, so we were unable to show any cost benefit
that could be generalised across differing systems.
Although nurses may save on salary costs, the evidence
is conflicting, with potential savings being offset by an
increased length of consultation.”® Evidence of cost
benefit in acute self limiting conditions®® cannot be
assumed to translate to the management of chronic dis-
ease, so future trials should incorporate a formal cost
effectiveness analysis within their design.

Hypertension is identified with higher prevalence
and morbidity levels in some ethnic minority groups
such as African Americans and South Asians.?” Studies
recruiting from these populations found significant
reductions in blood pressures with any nurse led inter-
vention. For studies from non-UK healthcare systems,
“usual care” represented minimal or absent care.***
We therefore interpret this with caution.

Implications for clinical practice

The delivery of nurse led care in chronic conditionsis a
complex intervention. This review suggests that such
care can improve on doctor led or usual care of hyper-
tension. The key component of an intervention seems
to be a structured treatment algorithm, and we have
found evidence in favour of nurse prescribing.
Although no clear benefits were seen for secondary
care clinics improvements were found in both primary
care and community based settings, suggesting that
these findings can be applied to primary care clinics
in the United Kingdom, or equivalent community set-
tings in other healthcare systems. Although the abso-
lute differences in blood pressure seem small—for
example, a 4 mm Hg greater reduction in diastolic
blood pressure with nurse prescribing than with usual
care, a2 mm Hg reduction in diastolic blood pressure is
associated with a 15% reduction in risk of stroke or
transient ischaemic attack in primary prevention.“
Similarly a 20-30% reduction in frequency of stroke,
coronary heart disease, major cardiovascular events,
and cardiovascular death is seen with a 3 mm Hg
reduction in systolic blood pressure,” and differences
of this magnitude or greater are seen with nurse led
clinics, nurse prescribing, and the use of an algorithm.

Implications for future research

In this review we found international evidence of ben-
efit from nurse led interventions but no evidence of
good quality was derived from an unselected UK
population with hypertension in primary care. Evi-
dence from other healthcare systems cannot necessa-
rily be generalised, therefore further studies relevant to
the United Kingdom are needed. Such studies should
ideally include a structured algorithm, examine the
role of nurse led prescribing, and include a robust
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Nurses are integral members of the primary healthcare team and are involved in the
management of hypertension

Previous literature reviews have suggested that nurse led care may be beneficial in the care of
hypertension but the data are conflicting

WHAT THIS STUDY ADDS

This review presents evidence to support structured algorithm driven nurse led care of
hypertension, and nurse prescribers

There is little directly applicable evidence for benefits of nurse involvement in hypertension
within the UK National Health Service

economic assessment. They should report absolute
measures of blood pressure as this would best permit
comparison with the existing literature and take care to
minimise bias by blinding outcome assessors to the
intervention.

Conclusions

Nurse led interventions for hypertension in primary
care should include an algorithm to structure care
and can deliver greater blood pressure reductions
than usual care. There is some evidence of improved
outcomes with nurse prescribers, but there is no evi-
dence of good quality from United Kingdom studies
of essential hypertension in primary care. Therefore,
although this review has found evidence of benefit for
nurse led interventions in the management of blood
pressure, evidence is insufficient to support the wide-
spread use of nurses in hypertension management

within the UK healthcare systems.
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