
epsis is an important cause of mortality in the Pediatric Intensive Ca-
re Unit (PICU).1 The presence of acute respiratory distress syndrome
(ARDS), and multiorgan dysfunction syndrome (MODS) may affect
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Relationship Between Angiotensin-
Converting Enzyme Gene Polymorphism

(Insertion/Deletion) and the Clinical
Condition of Sepsis in Turkish Children

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: It has be en pos tu la ted that ge ne tic pre dis po si ti on may inf lu en ce the sus-
cep ti bi lity to in fec ti on and the di se a se out co me. The D al le le of the an gi o ten sin-con ver ting enz yme
(ACE) ge ne is as so ci a ted with many di se a ses. Ho we ver, the re are only few re ports ava i lab le abo ut
in fec ti on. We ha ve in ves ti ga ted the as so ci a ti on bet we en ACE I/D poly morp hism and sep sis, its cli -
ni cal fe a tu res such as acu te res pi ra tory dis tress syndro me (ARDS), mul ti or gan dysfunc ti on syndro -
me (MODS) and mor ta lity. MMaatteerriiaall  aanndd  MMeett  hhooddss::  Ni nety-eight chil dren who had be en di ag no sed
with sep sis and 100 he althy in di vi di u als we re inc lu ded. The pa ti ents we re di vi ded in to gro ups ba -
sed on the pre sen ce of ARDS, MODS and sur vi vor or non sur vi vor. The ACE ge ne poly morp hism
was analy zed by the poly me ra se cha in re ac ti on. RRee  ssuullttss::  The re was no sta tis ti cal dif fe ren ce bet we -
en the con trol and pa ti ent’s ge noty pe (p= 0.29). No evi den ce emer ged re gar ding the as so ci a ti on of
ACE I/D poly morp hism with MODS, but the re was evi den ce of as so ci a ti on with sep sis-re la ted
ARDS. It was fo und that carr ying D/D ge noty pes in cre a sed the risk of the ha ving ARDS 4.5 fold
(95%CI 1.15-19.6, p= 0.028). On the ot her hand, the re was not sta tis ti cally sig ni fi cant dif fe ren ce be-
t we en ACE ge ne poly morp hism and mor ta lity. CCoonncc  lluu  ssii  oonn:: In our study, the de le ti on poly morp -
hism in an gi o ten sin-con ver ting enz yme ge ne is as so ci a ted with in cre a se in the risk of sep sis-re la ted
ARDS but not MODS and mor ta lity in Tur kish chil dren. 

KKeeyy  WWoorrddss::  Sep sis; poly morp hism, ge ne tic; child; mul tip le or gan fa i lu re

ÖÖZZEETT  AAmmaaçç::  Ge ne tik pre dis po zis yo nun en fek si yo na du yar lı lık ta ve has ta lık la rın prog no zun da ro lü
ol du ğu sa vu nul mak ta dır. An ji yo ten sin-kon ver ting en zim (ACE) ge ni D ale li nin bir çok has ta lık la iliş -
ki si sap tan mış tır. Bu nun la bir lik te, en fek si yon la iliş ki li az sa yı da ra por mev cut tur. Biz ACE I/D po li -
mor fi zi mi ile sep sis ve sep si sin kli nik özel lik le ri olan akut res pi ra tu var dis tress sen dro mu (ARDS),
mul ti or gan dis fonk si yo nu sen dro mu (MODS) ve mor ta li te ara sın da ki iliş ki yi araş tır dık. GGeerreeçç  vvee
YYöönntteemmlleerr:: Sep sis ta nı lı dok san se kiz has ta ile 100 sağ lık lı ki şi kon trol gru bu ola rak alın dı. Has ta lar,
ARDS, MODS olup ol ma dık la rı ve ya şa yıp ya şa ma dık la rı na gö re grup la ra ay rıl dı. ACE gen po li mor -
fiz mi po li me raz zin cir re ak si yo nu ile ana liz edil di. BBuullgguullaarr::  Has ta ve kon trol gru bu nun ge no tip le ri
ara sın da fark yok tu (p= 0.29). ACE I/D po li mor fiz mi MODS ge li şi mi ris ki ni ar tır maz ken, sep sis iliş -
ki li ARDS ris ki ni ar tır mak tay dı. D/D ge no ti pi ta şı yor ol ma nın ARDS ris ki ni 4.5 kat art tır dı ğı bu lun -
du (95%CI 1.15-19.6, p= 0.028). Öte yan dan, ACE gen po li mor fiz mi ve mor ta li te ara sın da is ta tis tik sel
ola rak fark sap tan ma dı. SSoonnuuçç::  Ça lış ma mız da; an ji yo ten sin-kon ver ting en zim ge ni de les yon po li mor -
fiz mi, sep sis iliş ki li ARDS ris ki nin ar tı şıy la iliş ki liy ken, MODS ve mor ta li te yi et ki le me mek tey di.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Sep sis; po li mor fizm, ge ne tik; ço cuk; mul tipl or gan yet mez li ği
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the prog no sis of sep sis.2 The ge ne tic ma ke up of the
host may play an im por tant ro le in the sus cep ti bi -
lity to and the de ve lop ment of sep sis and ARDS, as
well as its se ve rity and out co me.3 The out co me of
cri ti cal ill ness may be ca u sally re la ted to the se ve -
rity of the inf lam ma tory res pon se. Gi ven that tis su -
e an gi o ten sin-con ver ting-enz yme (ACE) re gu la tes
such res pon ses and that the de le ti on (D) va ri ant of
the ACE ge ne is as so ci a ted with hig her tis su e ACE
le vels. Ri gat et al. des cri bed an in ser ti on/de le ti on
poly morp hism of the an gi o ten sin con ver ting enz -
yme (ACE) ge ne that ac co un ted for 40% of the in -
ter-in di vi du al va ri a ti on in se rum and car di ac ACE
ac ti vity.4 The D al le le of the an gi o ten sin-con ver ting
enz yme (ACE) ge ne has be en cla i med to be as so ci -
a ted with many di se a ses and a po o rer out co me.5-8

Ho we ver, the re sults ha ve not be en rep li ca ted in all
stu di es. So me stu di es showed that I al le le was a risk
fac tor for so me di se a se9,10 or did not have any ef-
fect.11 Ho we ver, the re are few re ports abo ut in fec -
ti on and cli ni cal con di ti on in sep sis.8,12

In this study, an in ves ti ga ti on was per for med
to investigate whet her or not ACE I/D ge ne poly-
morp hism had any pos sib le ef fects on sep sis-re la ted
cli ni cal con di ti ons in Tur kish chil dren.

MA TE RI AL AND MET HODS

STUDY PO PU LA TI ON

This study was con duc ted in the pe di at ric in ten si -
ve ca re unit of Cu ku ro va Uni ver sity Hos pi tal, Ada -
na, Tur key. This unit has 16 beds and ser ves as a
re fer ral cen ter in So ut hern Tur key for pe di at ric pa-
ti ents with me di cal and sur gi cal prob lems. Writ ten
con sent was obtained from the fa mily. All pa ti ents
and con trols we re Tur kish, eth ni cally ho mo ge ne o -
us, and not ge ne ti cally re la ted.

Eighty-fo ur pa ti ents pre vi o usly ad mit ted to ot -
her hos pi tals and who had be en gi ven an ti bi o tics
and ne o na tes we re exc lu ded from the study. Ni nety
eight Tur kish chil dren with sep sis and 100 he althy
sub jects we re en rol led in this study. The con trol
gro up con sis ted of 100 un re la ted he althy adult vo l-
un te ers wit ho ut re nal, me ta bo lic, in fec ti o us (with
no his tory of pne u mo ni a or ot her se ve re in fec ti -
ons), or car di ac di se a se. 

DE FI NI TI ONS

Sep sis was de fi ned as Syste mic Inf lam ma tory Res -
pon se Syndro me (SIRS) ca u sed by an in fec ti on.
SIRS was cha rac te ri zed by the pre sen ce of at le ast
two of the fol lo wing fo ur cri te ri a, one of which
sho uld be ab nor mal tem pe ra tu re or le u kocy te co -
unt:

Co re tem pe ra tu re of >38.5°C or <36°C.

Tach ycar di a, de fi ned as a me an he art ra te of
>2 SD abo ve nor mal for age in the ab sen ce of an
ex ter nal sti mu lus, chro nic drug in ta ke, or pa in ful
sti mu li, or ot her wi se unexp la i ned per sis tent ele va -
ti on over a 0.5- to 4-ho ur ti me pe ri od OR for chil-
dren <1 yr old; brady car di a, de fi ned as a me an
he art ra te <10th per cen ti le for age in the ab sen ce of
an ex ter nal va gal sti mu lus, be ta-bloc ker drugs, or
con ge ni tal he art di se a se, or ot her wi se unexp la i ned
per sis tent dep res si on over a 0.5-ho ur ti me pe ri od. 

Me an res pi ra tory ra te >2 SD abo ve nor mal
for age or mec ha ni cal ven ti la ti on for an acu te pro -
cess not re la ted to an un derl ying ne u ro mus cu lar di -
se a se, or un der go ing ge ne ral anest he si a.

Le u kocy te co unt ele va ted or dep res sed for
age (not se con dary to che mot he rapy-in du ced le u -
ko pe ni a) or >10% im ma tu re ne ut rop hils.13

Car di o vas cu lar Dysfunc ti on

Des pi te ad mi nis tra ti on of iso to nic in tra ve no us flu -
id bo lus >40 mL/kg in 1 ho ur;

Dec re a se in BP (hypo ten si on) <5th per cen ti le
for age or systo lic BP <2 SD be low nor mal for age,
or ne ed for va so ac ti ve drug to ma in ta in BP in nor-
mal ran ge (do pa mi ne >5 µg/kg/min or do bu ta mi ne,
epi nep hri ne, or no re pi nep hri ne at any do se), or two
of the fol lo wing: Unexp la i ned me ta bo lic aci do sis;
ba se de fi cit >5.0 mEq/L, in cre a sed ar te ri al lac ta te >2
ti mes the up per nor mal li mit, oli gu ri a; uri ne out put
<0.5 mL/kg/hr; pro lon ged ca pil lary re fill: >5 secs;
co re to pe rip he ral tem pe ra tu re gap >3°C 

Res pi ra tory

Pa O2/FI O2 <300 in ab sen ce of cya no tic he art di se -
a se or pre e xis ting lung di se a se or Pa CO2 >65 torr or
20 mmHg over the ba se li ne Pa CO2 or pro ven ne -
ed, or >50% FI O2 to ma in ta in sa tu ra ti on >92%, or
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ne ed for non-elec ti ve in va si ve or non-in va si ve me-
c ha ni cal ven ti la ti on

Ne u ro lo gic

Glas gow Co ma Sco re <11 or acu te chan ge in men-
tal sta tus with a dec re a se in Glas gow Co ma Sco re
>3 po ints from ab nor mal ba se li ne

He ma to lo gic

Pla te let co unt <80,000/mm3 or a dec li ne of 50% in
pla te let co unt from the hig hest va lu e re cor ded over
the past 3 days (for chro nic he ma to logy/on co logy
pa ti ents) or In ter na ti o nal nor ma li zed ra ti o >2

Re nal

Se rum cre a ti ni ne >2 ti mes the up per li mit of nor-
mal for age 

He pa tic

To tal bi li ru bin >4 mg/dL (not app li cab le for new-
born) or ALT 2 ti mes the up per li mit of nor mal for
age. 

The Ame ri can-Eu ro pe an Con sen sus Con fe -
ren ce Com mit te e cri te ri a we re used to di ag no se
ARDS:14 (i) acu te on set, (ii) bi la te ral in fil tra tes on
chest ra di og raphy, (ii i) Pa O2/Fi O2 of less than 200,
(iv) ab sen ce of cli ni cal evi den ce of left-si ded he art
fa i lu re.14

ACE GE NOTY PING

Blo od samp les we re col lec ted from pa ti ents and 
con trols and in cor po ra ted in to ED TA. Ge no mic
DNA from le u kocy tes was pu ri fi ed ac cor ding to the
met hod of Mil ler.15 The ACE I/D ge ne poly morp -
hism was de tec ted by PCR with pri mer se qu en ces
de ri ved from Ze e et al.16 The se qu en ces of the 
pri mers we re cho sen so that they flank the tar ge ted
re gi on of the ge no me on the in tron 16 of the ACE
ge ne (17q23). The temp la te DNA (0.4 mcg) was am-
p li fi ed using the fol lo wing pri mers: (for ward):
5’CTGGA GAC CACTC CCATCTTTCT- and 3’re ver -
se 5’GATGTG GCCAT CA CATT-CGTCA GA T 3’. To
avo id mist yping bet we en ID and DD, an I- spe ci fic
pri mer pa ir, 5’- TGGGAC CA CAGCGCC CGCCAC -
TAC-3’ and 5’- TCGCCAGCCC TCCCATGC CCA -
TA A-3’ were al so used to analy ze all samp les
sho wing DD ge noty pe. The se pri mers (10 pmol of

each) we re ad ded to a mix tu re con ta i ning 5ml of
10X Ce tus buf fer (pH 8.3), 0.5mM dNTP (dATP,
dCTP, dGTP, dTTP), and 1.0 units of Taq DNA poly-
me ra se (Per kin El mer Ce tus). The PCR P Prog ram
(Per kin El mer 9600 Ther mal Cycler) was ini ti a ted
in a fi nal to tal vo lu me of 50 ml. 

Thirty PCR amp li fi ca ti on cycles con sis ting of
vo lu me with thirty cycles, each ma de up of de na -
tu ra ti on for 1 mi nu te at 94oC, an ne a ling for 1 mi nu -
te at 58oC and pri mer ex ten si on for 1 mi nu te at 72oC
was app li ed for amp li fi ca ti on. PCR pro ducts of ACE
ge ne lo cus we re exa mi ned by aga ro se gel elec trop -
ho re sis (3% aga ro se) at 150 V for 60 mi nu tes and 
vi su a li zed at ro om tem pa ra tu re un der UV af ter et -
hi di um bro mi de sta i ning. The PCR vi ew of ACE ge -
ne I/D poly morp hism was shown in Fi gu re 1.  

Statistical Analysis

Sta tis ti cal analy sis was per for med using the SPSS-
15.0 for win dows. Al le lic fre qu en ci es we re cal cu la -
ted by the ge ne-co un ting met hod. A chi-squ a re test
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FIGURE 1: The PCR view of ACE gene I/D polymorphism.
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was used to test the ex pec ted type fre qu en ci es. The
ge noty pe/al le le fre qu en ci es in pa ti ents we re com pa -
red with tho se in the con trol sub jects using the chi-
squ a re test. Da ta we re ex pres sed as me an ± SD and
co unt and per cen ta ge. For all analy ses, a p va lu e of
<0.05 was con si de red sta tis ti cally sig ni fi cant.

RE SULTS 
DE MOG RAP HICS

Ni nety eight chil dren who had be en di ag no sed
with sep sis we re en rol led, with an age ran ge of
1.5-180 months; 70 (68%) we re ma les and 28 (32%)
we re fe ma les. 

In 26 pa ti ents, sep sis was se con dary to bac te -
re mi a, the pri mary fo cus of which co uld not be fo -
und, in three pa ti ents sep sis was se con dary to
in fec ti ve en do car di tis; in 46 pa ti ents sep sis was se -
con dary to pne u mo ni a; in eight it was se con dary to
an in fec ti on of the cen tral ner vo us system; in three
it was se con dary to wo und in fec ti on; in 10 it was
se con dary to a uri nary tract in fec ti on; and in two
sep sis had ori gi na ted from a gas tro in tes ti nal fo cus
(Tab le 1).

The pa ti ents we re di vi ded in to gro ups ba sed
on the pre sen ce of acu te res pi ra tory dis tress syn-
dro me (ARDS), mul ti or gan dysfunc ti on syndro me
(MODS) and mor ta lity. 

GE NOTY PING FRE QU EN CI ES OF ACE I/D POLY MORP HISM 

The dis tri bu ti on of the ACE ge noty pe in the con-
trol gro up was in the or der of I/I: 11; I/D: 70; and
D/D: 19 and in the pa ti ent gro up, it was I/I: 17; I/D:
68; D/D: 13. The re was no sta tis ti cal dif fe ren ce 
bet we en the con trol and the pa ti ent gro ups (p=
0.29) (Tab le 2). Thirty-se ven (38%) pa ti ents had

ARDS, and 51 (52%) had MODS. Fifty-fo ur (55%)
pa ti ents di ed. 

The ge noty pe dis tri bu ti ons of all pa ti ent gro -
ups are disp la yed in Tab le 3. 

Thirty-se ven (37.8%) pa ti ents had ARDS. Of
the se pa ti ents, five (13.5%) we re of I/I ge noty pe,
23 (62.2%) we re of I/D ge noty pe, and nine (24.3%)
we re of D/D ge noty pe. A sta tis ti cal dif fe ren ce was
fo und for ge noty pe dis tri bu ti on in pa ti ents with or
wit ho ut ARDS (p= 0.04). Ha ving a D/D ge noty pe
in cre a sed the risk for ARDS 4.5-fold (%95 CI 1.15-
19.6, p= 0.028) (Tab le 4).

Of the to tal, 17 in di vi du als had the I/I ge noty -
pe, of whom six (35.3%) had MODS; 68 in di vi du -
als had the I/D ge noty pe, of whom 35 (51.4%) had
MODS; 13 in di vi du als had the D/D ge noty pe, of
whom 10 (76.9%) had MODS. Be si des, the re was
no sig ni fi cant dif fe ren ce in the ge noty ping dis tri -
bu ti ons bet we en pa ti ents who had or did not have
MODS (p= 0.076) (Tab le 5).

Fifty fo ur (55.1%) pa ti ents di ed (exi tus). Of
the se pa ti ents, 12 (22.2%) we re of I/I ge noty pe, 38
(70.4%) we re of I/D ge noty pe, and 4 (7.4%) we re of
D/D ge noty pe. A sta tis ti cal dif fe ren ce was not fo -
und for ge noty pe dis tri bu ti on in pa ti ents with or
wit ho ut mor ta lity (p= 0.092). (Tab le 6).

DIS CUS SI ON
Mor ta lity in sep sis is re la ted to many fac tors, such
as pre sen ce of shock, ARDS or MODS, le a ding to a
po or prog no sis. It is very dif fi cult to hypot he si ze in
ad van ce which pa ti ent will suf fer from ARDS or
MODS, and the res pon se to in fec ti on is va ri ab le be-
t we en dif fe rent in di vi du als. This va ri a bi lity has be -
en at tri bu ted to a num ber of fac tors inc lu ding the
vi ru len ce or lo ad of the eti o lo gi cal agent, or the
length of ti me bet we en the on set of symptoms and
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Primary focus n %

Bacteremia primary focus was not found 26 27

Pneumonia 46 47

Central nervous system 8 8

Infective endocarditis 3 3  

Wound infection 3 3

Urinary tract infection 10 10

Gastrointestinal tract 2 2

TABLE 1: Primary focus of the sepsis.

Genotypes Patients Control

(n) (%) (n) (%)

I/I 17 17.4 11 11

I/D 68 69.4 70 70

D/D 13 13.2 19 19

TABLE 2: Genotypic frequency of ACE I/D 
polymorphism between control and patients.



ini ti a ti on of tre at ment. The re nin an gi o ten sin sys-
tem (RAS) plays a comp lex ro le in the pat hoph ysi -
o logy of sep sis. In tis su es, ACE is ex pres sed by
ac ti va ted mac rop ha ges and T lymphocy tes.17 The -

se tis su e-de ri ved so ur ces ACE ha ve be en shown to
up re gu la te the inf lam ma tory res pon se. Se rum ACE
ac ti vity has be en shown to be dec re a sed in vi vo in
sep sis. It may ref lect en dot he li al cell da ma ge or in-
hi bi ti on of ACE ac ti vity by bac te ri al me di a tors
such as li po poly sacc ha ri de.18 Be ca u se of the im por -
tant ro le ACE plays in the inf lam ma tory res pon se,
in ter-in di vi du al ge ne tic va ri a ti ons in ACE ac ti vity
may al ter the out co me in se ve re in fec ti ons. A ro le
for ge ne tic va ri a ti on in ACE ac ti vity in both acu te
and chro nic lung di se a se has re cently be en sug ges -
ted.19-22 Hig her in trin sic ACE ac ti vity (D/D ge no-
ty pe) is as so ci a ted with an in cre a sed risk of
de ve lo ping ARDS and ot her lung di se a ses.19-22

Re cently, the in vol ve ment of an gi o ten sin II in
the pat ho ge ne sis and evo lu ti on of acu te lung in jury
has al so ga i ned subs tan ti al in te rest. Ac ti va ti on of
the re nin an gi o ten sin system can sti mu la te pro duc-
ti on of tu mor nec ro sis fac tor in car di ac fib rob lasts.23

An gi o ten sin II is an in du cer of apop to sis of en dot -
he li al cells,24 and of al ve o lar epit he li al cells.25,26 An-
gi o ten sin II is al so con si de red as a strong fib ro ge nic
fac tor.27,28 In vit ro, an gi o ten sin II was a po tent in-
du cer of pro col la gen pro duc ti on in hu man lung fi-
b rob lasts vi a ac ti va ti on of the type 1 re cep tor and,
TGF-be ta.28 Fo ur ri er et al. sho wed that in pa ti ents
with ARDS, the cir cu la ting ACE was of ten re du -
ced.29 Re cently, Mars hall et al. sho wed that the
ACE I/D poly morp hism was as so ci a ted with sus-
cep ti bi lity and out co me in ARDS.30 The fin dings
he re may con firm the ef fect of ACE poly morp hism
on the out co me of ARDS. On the ot her hand, Chan
et al. re por ted that ACE I/D poly morp hism was not
di rectly re la ted to in cre a sed sus cep ti bi lity to SARS
co ro na vi rus in fec ti on, and that it was not as so ci a -
ted with po or out co mes af ter SARS co ro na vi rus in-
fec ti on.31 Si mi larly, in our sep tic pa ti ent
po pu la ti on, the D/D ge noty pe was fo und to be a
risk fac tor, and pos ses si on of the D/D ge noty pe was
fo und to in cre a se the risk for ARDS 4.5-fold. Ho w-
e ver, in a study per for med in our co untry, the I/I
ge noty pe was con si de red to be a risk fac tor for pul-
mo nary di sor ders in Tur kish ne o na tes as the I/I va -
ri ant was mo re fre qu ent in ne o na tes with
res pi ra tory dis tress than in the he althy new borns.
The ACE I/I ge noty pe is as so ci a ted with an in cre -
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ARDS Non-ARDS

n= 37 n= 61

Genotypic frequency

D/D 9 (24.3%) 4 (6.5%)

I/D 23 (62.2%) 45 (73.8%) 

I/I 5 (13.5%) 12 (19.7%)

p= 0.040

TABLE 4: Genotypic frequency of ACE I/D 
polymorphism in patients who had or had not

developed ARDS.

MODS Non-MODS

n= 51 n= 47

Genotypic frequency

D/D 10 (19.6%) 3 (6.3%)

I/D 35 (68.7%) 33 (70.3%) 

I/I 6 (11.7%) 11 (23.4%)

p= 0.076

TABLE 5: Genotypic frequency of ACE I/D 
polymorphism in patients who had or had not 

developed MODS.

Non survivor Survivor

n= 54 n= 44

Genotypic frequency

D/D 4 (7.4%) 9 (20.5%)

I/D 38 (70.4%) 30(68.2%)

I/I 12 (22.2%) 5 (11.3%)

p= 0.092

TABLE 6: Genotypic frequency of ACE I/D 
polymorphism in patients who died or survived.

Groups I/I I/D D/D Total p

n % n % n % n

MODS 6 (11.8) 35 (68.6) 10 (19.6) 51 0.076

ARDS 5 (13.5) 23 (62.2) 9 (24.3) 37 0.040

Mortality 12 (22.2) 38 (70.4) 4 (7.4) 54 0.092

(non survivor)

TABLE 3: Genotypic distribution of ACE I/D 
polymorphism in clinical features.



a sed risk of res pi ra tory di sor ders among Tur kish
pre ma tu re in fants, and the D/D ge noty pe is a pro-
tec ti ve fac tor for res pi ra tory di sor ders.9

Ho we ver, the D/D ge noty pe has not be en
shown to ha ve an ef fect on mor ta lity in our study.
The re are no stu di es in the li te ra tu re on the di rect
re la ti ons hip bet we en sep sis mor ta lity and ACE ge ne
poly morp hism. Ho we ver, a few stu di es may pa ve
the way as gu i ding prin cip les. Ba i er et al. re por ted
that the ACE I/D poly morp hism did not ha ve a sig-
ni fi cant ef fect on the in ci den ce or out co me of sep sis
in ven ti la ted very low birth we ight in fants.12 So me
stu di es show that ACE D/D is as so ci a ted with in cre -
a sed ill ness se ve rity in di se a ses such as me nin go coc -

ce mi a.8 Re cently a study sho wed that ACE I/D poly-
morp hism was not as so ci a ted with se ve re sep sis 
sus cep ti bi lity, mor ta lity or ARDS in Spa nish pa ti -
ents.32 In our study, the D/D ge noty pe was fo und to
in cre a se the risk for ARDS but not di rectly influ-
enced MODS and mor ta lity. This ma kes us con si der
that the blo od ACE le vels may play dif fe rent ro les
in the dif fe rent sta ges of sep sis. 

We conc lu de that the D/D ge noty pe may le ad
to a hig her in ci den ce of sep sis-re la ted ARDS, but
it has no ef fect on the in ci den ce of mor ta lity and
MODS. In or der to sup port the se re sults, mo re stu -
di es eva lu a ting hig her num bers of  ca ses are ne e -
ded.
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