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Jei-tniccied Insulin Is
Acsocicied With Deeressea
Aniibody Preduciion and
Posiprandial Glucose
Veriability When Compared
with Meedle-Injecied Insulin in
ssstational Biabetic Women
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GEITIVE— 10 elucidate the glycemic response and andhody lormanen in gesta-
tonal diabetic women treared with insufin injgaed by a needle or a jee. The Arnerican
Diabetes A<socianion's posiden siaement on jet inecrors raised the concern that “insulin
could be denarured as a result of forceful injecaon through a tny port, which could lead
© an increase in antibody forrmadon” (Diabetrs Care 11:600, 1585}, However, ihe
pharracokanetics of jer-injected insulin suggest that it might be useful in conrelling
pesiprandial ghucose levels.

METRGDS — We randomized 20 women with gasrjldonal Aizberes mellinas (<34 whk
gestadon) who recuuired insulin o recerve either jet-injected ot needie-injecred human
~pY and regular msuling Vanables of inwerest were evahizted at the s of therapy,
weeidy unt) delivery, and 6-wk postpartura that mctuded: 13 insulin antbedies in e
mother and her infant, 2) HbA, .. 3} insulin dose, 4) fasong and posrpr:m_dia; ghucose
levels, and 5) subjest acceptance znd preference.

pPESULTS — Of the 10 women in the needle group, 6 developed significant nsniin
anubodies comparzd with 1 of 10 in the jec group (P < (.001). KibA,, and insulin doses
~re the same in both groups. Dunng the test meal, ghucose levels in the Jet group were
_gnificandy ower (P < 0.03). yer none of the women in the jet group experienced blood
gucose <70 mg/dd (3.E9 mM) at 34 h afier the meal, comnpared with 3 in the needle
group (P < 0.001). Jer injection was associzted with jess vansbiliy P < 5.0C1 i
pospranchal glucese values bur slightly greater variabilicy (P < 0.03) in {astng glucese.
Jeringecied imsutin was more readily accepred by subjects than needle injecoons.
CORCLUSIONS — Jet injection is xssociated with a diminished antbody response and
posprandial variability compared with needle-injected insulin. Thus, this wrTanss con-
sideradon as 2 therapeusc opgon for women with gestzgonal dizbetes mellicos and may

also be applicable to nonpregnant, insvlin-requiring dabenc patents.
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aternal glucese freely crosses the

placensa, but marernal insulin

does not unless it 1 bound w0
maternal 1gG antibodies (1). Such bound
insulin may intedere with feral irsulin-
slucese homeostasis (2). GDM nrovides
an oppornmity 1o study women wathout
nrevious exposure 10 insulin. H inselin is
necessary 1o mear the GDM woman qur-
ing the index pregnancy. it may be nec-
essary 1o remstiute it with every subse-
quent pregnancy (3). Statung and
stopping insulin may create high ana-
hody nters (4). Even with human nsu-
lin. a significant msulin antibody re-
sponse has been reporied within weeks
of staring therapy (5} Whether or not
msulin antibodies, independent of gle-
cose conmol, CalUse MACTOSOMLIR IS COT-
moversial (6-8). Undl the definitive an-
swer is available, it 15 prudent 10 use a
method of injecting msulin that mint-
mires antibody producdon for GDM
WOMEn

it remains unclear whether the
mode of admimstranon of insulin mod-
alates the angbody response. ADA's po-
sidon swatement on jet-injected mnsulin
raiced a concern that “insulin could be
denawured.as a result of forceful injecnon
through a riny port which could lead 10
an nerease in anabody formation” (9).

Preliminary studies on the use of
jet-injected msulin {in the weament of
nonpregnant, type | dizbetic subjects)
suggest ihat jeu imjecaon shormens the
peale acdon of regular insulin, and there-
for= a2 lag dme berween mjection and
eaning may not be necessary (10.11). In
sddition. the peak postprandial response

[ p— - PR S T = -
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S
pregnancy, blunang postprandial hyper-
ghycemnia {5 DAramouTil 1o prevent subse-
quent macrIs0mia {12). Therelore, a
rechmigue of insulin admnistraton that
is acceprable, nonimrunogenic, and
aroduces the best clycemic contrel
would be preferable for GD™M women.
We :hereiore desigred 2 ~zndomzzd
stucy of needle versus je:-'mjcc:ed Lo
mzn insunn o0 GDM wemen o de-
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Jet-injected msulin in GDM

Table 1—Characterisnics of GDM women

YT
T A atir L
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insulin wmection methed

Needle Tet
Najve (o insulin therapy (n} i 10
Age (vi) 2Pz 4 B>
Weighr kg) 315=123 856.7 = 19
Gesational wk 322 12

>3.0 >30

-pepnde (M)

Data are means * 5D,

termine 1) insulin antbodies in the
mother and her mmfant, 23 HbA, 3) in-
sulin dose, 4) fasung and posmprandial
chucose levels, and 3% subject acceptance

and preference.
P

RESEARCH DESIGH AKD
METHODS —— We studied 20 GDM
women., dizgnosed according o the Sec-
ond Intermarional Gestationzl Diabetes
Workshop/Conferance (13} All stadies
were approved by e Insdudenal Re-
view Board of the Sanra Barbarza Cornage
Hospiwt, and each patient signed an in-
formed, witnessed consent After a i
of diet (14) if rhe resuits of their SMBG
showed that their F8G levels were > 90
mg/dl (5 mM) andsor their 1-h posrpran-
dial ghicose levels were >120 mg/dl
(7.77 mM} (12). subjects were offered
parapaton n this stedy of insulin ther-
apy by swo different injecton methods.
After signing mformed. wimessed con-
sent, they were randomized (using a
coded rwo-color card draw) berween
wwo groups: needle and jet injection. The
needle group administered the insulin
subcutaneously with conventional sy-
nnges {(Micro-Fine IV 28 gauge,
17.7-mm needles with a 0.5-ml syringe.

NTY
NRLSY

Recloron Dhelkanoon ©
3 dmes/day . Insulin dosing consisted of 2
combinacon of human NPH and hurmnan
rezular msmm caleulzred 0 be 9.9
U-kg - d?./ ' (the morming injecton
consisted of NPH celculzied 0 be 2/9 of
the roml dose of insulin and reguiar -
enizied 10 be 29 of the romi dose; ©
the czy was o

second myscnon of

before dinner calculzred 1o be 1/6 of the
toral dose; and the third injection of the
day was NPH given before bedome cal-
culated 1o be 1/6 of the iotal dose). The
jet group administered the human NPH
and human regular insulin with a jer-
injection device (Tender Touch, Derara,
Minneapolis, MN) 2iso calculated w0 be
09 U-kg '-day ' given in the same
distrtbution as the needle injection
group. The prowcols for insulin admin-
ismation and adjustment have been re-
poried in detail elsewhere (14).

Rzndomization divided the
women into rwo comparakle groups that
were not signiheantly difierent from each
other {Table 1), All women underwent
the following laboratory degerminations:
HbA,, bv lon-exchange high-pressure
tiqud chromatography (normal value for
this gestadonal week of 4.0 = 0.5%).
C-pepnde (15), and insulin anobodies
{16,17). Blood was drawn every 2 wi for
Hba,, and every week for anubodies. At
delivery both maternal and cord anabod-
ies were ohizined Ar 6 wk po
the mother had a repeat HbA, and in-
sulin antibody measurement.

Insulin anabodies were measured
by z fluid-5 h;).se RLA using zn acid chai-

1

STpaTTym.,

= P it 18 o T
TR Sl ooy e

veiopcd bv Dixon {16) and modifed by
{17). monoiodinzied hu-
man insulin wacer. znd displacement
an excess of enlabeled insuiin for
afic binding. The re-

sules are expresced as the percentzge of

Sutton et 2l

with

zuznoraten of

binding displaced by cold msulin with
values > mean + 330 of normal control

subjects (0.3%) being considered posi-
tve {18). The 3naoc.dy ievels are 2o
pored as a percenrage of wezl covns
the rube. Beczuse ihe asszv depends on
displacement. the 3 SDs cut poimt for
positivity {0.08%) is the percenuage of
rotal counts bound in the absence of cold
mnsulin minus the percenwage of total
courts bound in the presence of cold
insulin, described in detall by Hegewald
(18).

On the first day of insulin admin-
lstraton, an experiment was designed 1o
ohserve if the customary lag tme necded
with needle-injected msulin could be
eliminared with the jet injector. The pre-
breakfzst injection of calculared regular
msulin (/9 of the rotal insulin require-
ment) was given either with a needle and
a syringe or with a jet mjector by the
study nurse. A standard meal was then
immediarely saten by ihe subject; the
meal consisted of 40% carbehydrate,
+0% far, znd 2% protein and composed
of 10% of the womwal needs for the dzy
(10% of 30 kcalkg present pregnant
weight) (19.20).

The nurse monirored blood glu-
cose by glucose omdase reagrnt smps
and reflectance meter (One Touch, Life
Scan, Milpirss, CA) referenced w0 2 Yel-
low Spring Intemaional auwanalyzer
(Yellow Springs, OH) by previcusly pub-
lished methods {21). The blood glucose
maonitoring was conducted at fasing and
svery 15 min following the mjecton/
ingestion of the standard meal for 1 h
and then cvery 30 min for 3 h The
Sanents were then sent home 1o conunue
insulin therzpy (calculared o be 0.9
U - kg™ - day”? divided into the 3 injec-
dons 2s described) using the method of
their assigned group {the jet ar needles)

mSuii, g

in the case oi needie-Eijecic
patients were msoucted o ingect their
orebreakdzst and pradinmer regular nse-
ins 45 mmn before the meal Insulin ad-
justments were made weerly based on
their 8 dzily SMBG mzasurements (be-
fore and | 4 after each meal, before bec-
3t A300) and documentzd for
zrison of the memory

ome, znd =
a0 adcurzie €O
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gure 1—Bload slucese response to the irgec-
rion of regular msulin (279 of the towdl datty
imculin requarement of 29 fAma the presemt
pregnant weight m i2g). Subiects immediately ate
0% of the total daily allowance of calories (10%
of 30 kealfrg prosent pregrant wright) corrposed
of 10% carbotydrate, 20% fat, and 20% protan.
The syrr:bolj represent the glucose response when
imsulin was sdminisiered with a syringet
= 1) and when admainistered with a jet n-
jector {n = 19} Errav bars indicate SDs. The
slope of the Iine drenwn through the petnis on the
greph at 80, a0, and 120 min is 4 mes sLoener
o the needle mjected msulin as compared with

—3 33

:hc_jct-mjzcrcrf insalimr — 142 ve

data 1o the disry dzta. The nurse kept a
record of the ame required 1o reach each
~atient b€ injecaon rechnique. In addi-
J07, 2 QUESTIONNEATE W25 gven (o he
mothers at delivery o assess their opia-
o of the method used for adminisiening
meuhin,
Stagsdcal analysis

We used the Smadent’s trest for unpaired
SETpLeS (SrefWoris (o7 Maclntosh, Cu-

caficriesl mables of fre-

aeency (223

pESULTS — The hipod

spense when ihe insulin was injected

glucese re-

-mmedizrely belore b resy mesl s odhes
1

rmied I TiE The needle miecton
srohnicue WaEs zssociared with 2 signife
7 blood glucose com-

-2np elevancn O

v

r the 30, T3

9]

-~ Bl

nard wnth the

el grTou

1w

md A0 man wme DOINRS if the needie

ecterdd ngahin had begen given 43 mun

corews L6, SIMEER

Drapres (art,

e - e

1L, NovEMESR

helore the mezl, the posq.wrandial eleva-
Hons of glucose would be blunted}. ir
additon, the e of he L1l of blood
alucose Yerween 60 and 120 min was
Taster in the needle group. The slope of
e line drawn through the poinis on the
araph at 60. 60, and 120 min is % ames
steeper for the needle injected insulin
compared with the jc[—mjected insulin
—1.42vs, —D33 inthe needle group. >
patienrs had blocd glucese levels <70
mg/dl (329 M) (P < 0.01) berween 90
and 120 min compared with none in the
jet grovp. On the other end of glycemic
control. 7 in the needle group had 2
blood glucose >1%0 medl (778 mM)
compated with 0 in the jer group
P < 0.001).

Table 2 shows that prolonged
socd glucose conwol can be achieved
with either the needle- ot :hejctfinjecrcd
method of nsulin adminisoaton, when
patients are insrructed o mject ther nee-
Ale-injected insulin 43 min before the
meal The jer-injected msulin group was
Hle 1o ehminate the lag period berween

the injection and the mez! ingesdon. No

significant gifference was observed be-
pween the groups for 1bA, . Z4-h insu-
lin requirement, oF glycemic conorol 35
measured by mean fasdng oY I-h post
prandial zlucose levels derived from ihe
& w of dara on the SMBG diaries

A sigmificant diference was de-
ected in ghucose vanability herween

sroups. Glucose vanizbility wes defined

Jovanovic-Pererson and Assoqales

25 the OV and is expressed in Table 2 a3
the mezn of each woman's 5D of te
mean fasung ghucose divided by the
mean ghucose Tom 6 wh of caily gracose
diary values fmes 100 (the 1-h post-
prandial glucose vaniapility was caicu-
Lated in the same iashion}. The giucose
variability was greater for the TBG in the
jet group compared with the needle
group {11 % V5. B+ 2%, P =003
On the other hand, the glucose variabil-
ity of the 1-n posiprandial ghucose levels
was significantly less o the jet-injected
insulin (CV 10 = 4 ¢s 21 = 3%.
P < 0.001).

The shortest zmeunt of ame
needed 1o teach the necdle icchnique
wezs 30 min, whereas the jet rechnique
could be tavght i 10 mwn. The mean
reaching dme was 43 and 30 min in the
needle and jer groups. respectvely. One
wornan required > 21 f 1o mject hersell
using 2 needle; whereas 40 rin was the
longest amourit of tme required o teach
JET Injecnon.

Jer-mjecied insulin appeared less
immunogenic than neecle-injected insu-
lin (Toble 33 Of the 10 women using a
needle, & dewveloped derecable
anobodies compared with L woman us
ing the jet injector (P < 0.001). The nme
jag in days o peak anribody (£sponse
was comparzble: 56 * 8 days for needle
users versus 50 days lor 1 women in the
jer group. Those ¥omen who had pesi-
Sve serum antbody dters werz the 52me

msuiin

Table 1——Cutcome varicbles Jor the & wk of therepy
P A

ety

“8a . %)

24 n msulin requmement N

“ezn 736 1mgdl

Tk sesmrengal mgdh

=

wacual Zlucose ¥En
Tasung on SOGM
i-n pt\s?._),-a::i‘.zl on SBEGM TR

e ————

Tvarg 2re mears T 50

1Y53

P value
+3=x i 1i =14 NS
aR2 = 0. R4 =22 NS
B4 =7 31 =9 Na
2=l ISR ~S

2=72 A= L RAN]

1= == <0 001
e
e —
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Jet- mj{d{'d insulin in GDM

Table 3—Antibody results

Insulin sgectan

response >0.8 (n)

Time o peak response (Gays)

Positive cord antibody response >0.8 {n}
6-wik postparmum with posidve antibady

respanse > 0.8 {n)

'm':th ad
Needle Jet P value
5 1 <0 001
35 %8 >0 NS
5 I <0001
5 0 <0.001

(zra 2re means = 5D,

women who had positive cord anobody
titers. 1he postive antibody response in
the needle group persistied at 6-wk post-
partum and cessanon of insulin. The 1
worman wirh posifive anubodies in the jet
group became neganve by 6 wk. The
mean peal andbody levels in those
women using the needle was 46 =
2.0%_ The annbody level in the 1 woman
in the jet group who had a postiive an-
ribody response was onfy 1.1%. No dif-
ference was found in neonatal birth
weight or morbidity in the two groups.

COHCLUSICHS — Conmary 10 23p2s-
tatons. the nsulin anubody response

smsulin com-

was less with ler-igjeced @
pared with needle-injecred Insulin in
GDM wornan. Thase women with a pos-
irive annbody response had infanis born
with z posirive cord anobody ievel The
women using reedles were documented
10 have the annbody response persist for
6 wk zfter the insulin was stopped at the
rime of delivery.

Our data confirns that jern-
jected insulin allows for tmmediale pre-
meal adminisoadon cf insulin with less
glycemic excursion than needle-injected
insulin. Those women who used the jet-
infection device zlse had less glucose
vanability tn therr pesipranaial clucose
wsponse. Their P3G level was more van-
shle. perhaps atmbuizble 10 more rapid
shsomrion of bedamme NPH insulin when
imjecied with a jet device.

Wz found ies-injecied
ble o 5DM

insulin

WOTIEN DENVE

MoTe ACceDTa

1o inections, At delivery. all 13 women
in the jet group were happy thar they
randoraized 1o the jer group, whereas alt
of the needle groun reponed that they
were disappointed to be in the needle
group. The quanary of ame peeded o
reach the requisite skalls was also signif-
icandy less waint the jer injecror com-
pared with the peedle-injected tech-
nique.
Jet-injection insulin was pio-
neered in the fate 1940s by Hingson et
(23). With jer injectuon, nsulin is
{orced through a ine nozzle at high pres-
sure. A microjet stream is produced that
penemates the skdn and insulin 15 depos-

wred gnk@tﬁnpm-dy ina d.spersed faghe

won. In the vears following 1947, these
authors reporied success with jer-in-
jecied insulin in the oeament of rype |
diaberes (24), but detmiled srudies evalu-

ating the method were not performed
ungl the early 1980s. Several authors

have demonstrated a more rapid absorp-
riont of shor-achn g msulin after jer in-
jecton compared with conventional nee-
dle injecrion (25 .26). consisient with our
findings. The magnirude of peak plasma
free insulin values was nor sigmificandy
s '“1}'\ /‘(_‘\r\\,pl"-

1
J=~ F138 8

rioral injecton, bur the pezk insulin

tferens compzrng

[

concentraton was reached earher in di-
ac nadeas with ‘ﬁ,s DVO]{)"C'Sd ay-

zbe
perinsulinemiz 127) Thus, i s not sur-
prizing that ‘-"(—‘I:lc(tf:d :1*5&1&:1 w2s moTe

efecmve in bluntng the pesprandizl
peale chuense response znd the subse-

ucose fzll than needie

quent rapidiry of g
‘njected nsuln in one study (28}
Huinan insulin is not completely
free of an anobody response. Studkes of
nonpregnant, ype | disbeuc panents
show ihat a significant antbody response
develops within weeks of staming ther-
apy I patients nzive o insulin terzpy
{17). Although the exact mechanism
whereby human insulin causes an ano-
body response in hurnans is not known.
the znswer probably is that the three-
dimensional structure of conventonal
insulin is different from endegenous in-
sulin, and hence it is immunogenic
Some concern (9) has ansen that the
mode of mjecnon of insuin mayv play a
role in the degree of anggenicity of insu-
in via an adjuvant mechanisra. Dabl-
Jorgensen et al. (25) reported that when
insulin was given as muluple daily injec-
dens of by an insulin infusion pump. the
antibody production increased over that
seen with convendonal tmecton meat-
ment. Antbody-bound insulin cresses
the plzcenta {1) and may play a role in
the development of neonatal macrosomia
{6). However others have shown that sta-
Silizadon of glucose ievels prevents this
macrosomia despite the anubedy re-
sponse (7.8). Alihough the ADA posi-
fon statement (9} caudens concern that
jet-injected nsulin might be mwore m-
munogenic, the data reported here are
the first 10 speafically address this issue
and sugeest that ADA's concern may be
vnwarrznied. The sensitve and specific
anpinsulin asssy used in our swidy ab
lowed us to cleardy show that jet-injected
msulin produces licde o no annbody re-
sponse in the short duradon of msulin
needed in GDM, compared
empv Dﬁca’lsc MmaXInUm

[reannent
with needle ¢
andbody response @ injected insulin oc-
zurs after -6 mo of weamment (173
loniger resament of the rwo groups might
show more of an antibody FESDONSE. 25
winjected panents.
mary, jet-ijected insuiin
0 GDM -
duces less mypo-znd vpﬁr*lvce ma zhler
mezis In adC]nO:, less of an immune

secizlly mn the j
in

5
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2% <Ly

< jesponse 10 nsulin irjected with a jet
* mjecior than with a syringe and needle
“hzs besn oheerved. On the other hand,
NPH insalin injecred 2t 2300 by a jet
C jestor oroduced increased variability in
U he F3G the moming fellowing the in-
n when compared with NPH in-

. Jeedo
i In view of studies

jccncd by needies.
“ showing hat elevared postprandial ghi-
cose VAlUes are assosated more with
' peonalal macrosomia than with fasing
“ucose values (11}, clinicians may wish
-~ nffer jer-injected, premeal insulin 25 a0
Apden for GOM wormen. 1he hndings of
our smdy may have a broader applica-
on outside of GDM, particularly mn pa-
dents using mutndose intensive insulin
regumens.
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