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— Abstract —

Background: Impaired pancreatic B—cell responsiveness is associated with type 2 diabetes
mellitus. Postprandial insulin deficiency is closely related with fasting plasma glucose, HbAi¢
and insulin responses to meals, but most studies examining postprandial B—cell responsive—
ness have been limited by the small number of type 2 diabetic patients examined. The aim
of this study was to evaluate fasting and postprandial insulin secretions in relation to the
duration of diabetes, BMI and glycemic control in a large number of patients with variable
disease durations.

Methods: We evaluated the fasting plasma glucose, insulin, C—peptide, HbAi., BMI, post-
prandial 2 hour glucose, insulin and C—peptide in 1,170 (male 662, female 508, age 54.6
1.6 years, duration of diabetes 5.2 + 6.3 years, BMI 25.4 £ 3.3 kg/mz) type 2 diabetic pati—
ents. The delta C—peptide, delta insulin, fasting (Mg) and postprandial (M{) pancreatic B—cell
responsiveness were also calculated. The subjects were divided into three groups accor—
ding to their duration of diabetes, BMI, and fasting and postprandial C—peptide levels. After
adjusting for age, sex and BMI, the correlation of diabetes and HbA:; were correlated
parameters.

Results: In the group of patients whose duration of diabetes was longer than 10 years, the
BMI, fasting, postprandial and delta C—peptide, and Mo and M; were significantly lower, but
age, fasting and postprandial glucose, as well as HbAi; were significantly higher than
those in the other groups. There were no significant differences in the fasting and post—
prandial glucose and HbA:. according to their fasting C-peptide tertiles. However, in the
group of patients with the highest postprandial C—peptide tertile, the fasting and post—
prandial glucose and HbAi. were significantly lower than those in the other groups. The
duration of diabetes, after adjustment of age, sex and BMI, was negatively correlated with
the fasting, postprandial and delta C-peptide, Mo and M;, but was positively correlated
with the fasting and postprandial 2 hour glucose and HbAi;. The HbA:. after adjustment of
age, sex and BMI, was positively correlated with duration of diabetes, and fasting and
postprandial glucose, but was negatively correlated with fasting postprandial and delta
C—peptide, Mo and Ms.
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Conclusion: Although the fasting and postprandial insulin secretions were decreased with
duration of diabetes, the decrease in the postprandial insulin secretion was more promi-
nent. The postprandial pancreatic responsiveness may be a more important factor in
predicting glycemic control in Korean type 2 diabetic patients than the fasting pancr—
eatic responsiveness (J Kor Diabetes Assoc 29:367 ~ 377, 2005).
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prandial insulin secretion
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Table 1. Clinical Characteristics according to the Duration of Diabetes

duration of diabetes <5 yr 5~10 yr 10 < yr

N 713 180 277

Age (year) 52.4£11.9 55.1 £ 10.6x 59.7 £ 9.5
Sex (female %) 41 47 47
Duration of DM (year) 1.2+1.3 6.5t 1.3 14.6 £5.3
BMI (kg/m%) 25.8+ 3.4 25.3+2.8 24.4 + 3.2M
Fasting glucose (mmol/L) 7.76 £ 2.47 8.79 £ 2.51% 9.03+2.71"
PP 2 hour glucose (mmol/L) 12.13 + 4.88 13.96 £ 4.41* 14.83 + 4.73"
HbA ¢ (%) 7.7 £1.8 8.0+ 1.5 8.6 £1.6™
Fasting insulin (pmol/L) 51.2 (4.8~367.7) 51.9 (1.8~283.1) 44.4 (8.4~223.0)™
PP 2 hour insulin (pmol/L) 266.6 (19.2~2152.5) 194.1(20.4~1123.1)* 151.0 (14.1~833.4)™
Fasting C-peptide (ug/L) 1.62 (0.48~5.70) 1.60(0.61~6.70) 1.41(0.43~3.20)"
PP 2 hour C-peptide (ug/L) 4.23(0.85~14.82) 3.56 (1.27~14.69)* 2.87 (0.94~8.50)™
Delta insulin (pmol/L) 205.9 (2.9~1972.2) 144.4 (3.4~964.5)* 100.0 (0.5~760.4)™
Delta C-peptide (ng/L) 2.49 (0.02~10.83) 1.94 (0.05~7.99)= 1.44 (0.08~7.22)™
Mo 1.25(0.25~6.79) 0.99 (0.42~3.99)= 0.92 (0.32~2.83)™
M 3.13(-74.00~182.33) 1.86 (-75.20~67.67)* 1.34 (-60.33~53.33)™
No. of tablet of sulfonylurea 0.33 £ 0.58 0.85 + 0.65% 0.83+£0.84"
No. of tablet of metformin 1.88 + 1.11 1.65+ 1.21 1.10 + 1.24™
No. of tablet of voglibose 0.33 £0.93 0.50 %+ 1.20 0.52+1.13
No. of tablet of TZD 0.04 £0.20 0.07 £ 0.26 0.09 £ 0.28

No. of other hypoglycemic agent 0.04 £0.34 0.03 £0.29 0.08 £0.47
insuliln user (%) 2.4 2.8 16.0™

DM, diabetes mellitus; BMI, body mass index; PP, postprandial; Mo, fasting pancreatic responsiveness; M, postprandial

pancreatic responsiveness; TZD, thiozolidinedione

Data are expressed as means = SD

Insulin, C-peptide, Mo and M; values are described as median(minimun~maximum) values

* 1 <005 between groups (duration of diabetes below 5 year vs. duration of diabetes above 5 year and below 10 year)

T P<0.05 between groups (duration of diabetes below 5 year vs. duration of diabetes above 10 year)

¥ P<0.05 between groups (duration of diabetes above 5 year and below 10 year vs. duration of diabetes above 10
year)

3. MZEZX|Fol| w2 Ak oAt AG7F A FE JAEH, A% 223 ded, F5 C-
peptide, 215 2A)7F C-peptide, QE} ¢1&7, 2E} C-pep—
tide, 35 FAde] Wk, A5 A7) w7 2ok 1
gu F5 dY, A5 2412 @4, ©3F AR Zfolvt
ATk Hlo]Fohto]l= ARERFo] Wkl &Y AREARS]
Hl-&o] AT} (Table 3).

A AR G=o]] ufe} 337
30 kg/m*o]%<] ojde] &
fF7Izke] AL FE AEd, 2% 243 Q)
peptide, 2)%- 2417} C-peptide, LE} 218, 2E} C-pep-
tide, 35 #Ade] vEA, 215 FA7<] w417 =3t
Hlo]groptol & AMGERe Wokal dnaFIAldlo]= A 5. &% 2A|Z} C-peptide 3520 o}

Ae] AREEE2 At (Table 2).

L%
¥
2
3
=
>
—_&4
)
¥
m
N

1
o
b
(o]
>

215 2A1%F C—peptidedl] we} 322 tpro] HlalA] 2]
. 35 C-peptide 3520 = A At % 24 C-peptide”} 352 ol Frge] §147)7k0
al 7

MR F7E Ao g5 Qladl, A5 22 &7,

o =

N

T C-peptide©l W} 3707 o] HlwA] 3
A

2 C-peptide, 215 2A)7F C-peptide, e} ¢ld e}
C-peptide”} & ol q D] $3717b0] gt 4] ! B -

=
C-peptide, &4 F&e] vHA], 215 #PEe] wa-4d=17F 21



— AN 9 109 :

gr=el M2y g=goln AR e 2HISY 9o -

Table 2. Clinical Characteristics according to the BMI

BMI (kg/m?) BMI < 25 25 < BMI < 30 BMI > 30
N 568 503 99

Age (years) 55.8 + 10.9 53.9+11.5 50.9 + 14.4™
Sex (female %) 42 41 54*
Duration of DM (years) 5.9+ 6.9 46+55 3.6+5.3"
BMI (kg/m?) 22.8+1.7 27.0%1.4 32.1+2.3
Fasting glucose (mmol/L) 8.27 + 2.67 8.16 £ 2.53 8.23 + 2.54
PP 2 hour glucose (mmol/L) 13.39 £ 5.27 12.79 + 4.61 12.31 £ 4.13
HbA 1. (%) 8.1+ 1.9 78+ 1.6 7.9+ 1.7

Fasting insulin (pmol/L)

PP 2 hour insulin (pmol/L)
Fasting C-peptide (ug/L)

PP 2 hour C-peptide (ng/L)
Delta insulin (pmol/L)

Delta C-peptide (ug/L)

Mo

M

No. of tablet of sulfonylurea
No. of tablet of metformin
No. of tablet of voglibose
No. of tablet of TZD

No. of tablet of other hypoglycemic agent

Insulin user (%)

38.3 (4.8~218.5) 55.5(11.9~367.7)* 91.5(12.1~275.1)"
177.0 (14.1~2152.5) 262.7 (25.6~2107.0)% 442.6 (78.1~1845.0)™
1.41(0.43~5.70) 1.68 (0.60~6.70)* 2.03 (0.69~4.29)™
3.31(0.85~8.71) 4.07 (1.03~14.69)= 5.05 (1.53~14.82)"
177.0 (14.1~2152.5) 196.1(0.5~1972.2)* 353.4 (20.1~1648.2)"
1.84 (0.02~6.92) 2.26 (0.02~7.99)* 2.92 (0.26~10.83)"
1.01 (0.25~6.79) 1.23 (0.36~3.99)* 1.55 (0.34~3.47)"
1.84 (-75.20~167.00) 2.57 (-65.50~182.33)* 3.97 (-59.00~171.25)™

0.67 £0.71 0.71 £0.70 0.61 £ 0.80

1.21+£1.15 1.87 £+ 1.15% 2.23+1.33"

0.68 £1.28 0.19 £ 0.73% 0.23 +0.80"

0.05+0.21 0.08 + 0.27 0.07 £0.25

0.09 +£0.51 0.01 £ 0.21 0.00 £ 0.00
6.7 3.3 4.0

DM, diabetes mellitus; BMI, body mass index; PP, postprandial; Mo, fasting pancreatic responsiveness; Mi, postprandial
pancreatic responsiveness; TZD, thiozolidinedione

Data are expressed as means = SD

Insulin, C-peptide, Mo and M; values are described as median (minimun~maximum) values
% : P<0.05 between groups (BMI < 25 kg/m? vs. 25 <BMI < 30 kg/m?)

T P<0.05 between groups (BMI < 25 kg/m? vs. BMI = 30 kg/m?)

¥ P<0.05 between groups (25 <BMI < 30 kg/m’ vs. BMI = 30 kg/m?)
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Table 3. Clinical Characteristics according to the Tertile of Fasting C-peptide

Fasting c—peptide tertile tertile 1 tertile 2 tertile 3

N 388 392 390

range 0.43~1.36 1.37~1.86 1.87~6.70

Age (year) 55,1 £11.1 55.2+ 11.5 53.4+12.1

Sex (female %) 49 41 41

DM duration (years) 6.4 £7.1 5.4 £6.3 3.7+4.9™

BMI (kg/m?) 24.0x+ 2.9 25.5 = 2.8% 26.8 £ 3.5
Fasting glucose (mmol/L) 8.03 £ 2.79 8.29 £ 2.39 8.34 £ 2.60

PP 2 hour glucose (mmol/L) 13.21 £5.32 12.95 + 4.56 12.96 + 4.83
HbA . (%) 80+1.9 79+ 1.6 8.0x 1.7
Fasting insulin (pmol/L) 27.5(4.8~143.1)  46.9(10.8~153.5)«  76.4 (11.8~367.7)"
PP 2 hour insulin (pmol/L) 142.4 (14.1~1123.1) 211.9(31.1~1486.1)* 333.8 (25.6~2152.5)™
Fasting C-peptide (ng/L) 1.10(0.43~1.36) 1.55(1.37~1.86)* 2.30 (1.87~6.70)™
PP 2 hour C-peptide (ug/L) 2.75(0.85~8.50)  3.60 (1.47~8.96)*  5.18 (2.07~14.82)™
Delta insulin (pmol/L) 112.8(2.9~984.5) 162.4 (0.5~1411.9)x 250.2 (0.9~1971.9)™
Delta C-peptide (1g/L) 1.66 (0.05~7.22)  2.05(0.02~7.27)%  2.77 (0.02~10.83)™
Mo 0.80(0.25~2.51)  1.14(0.51~2.53)*  1.70 (0.48~6.79)™
M 1.58 (-50~102.25) 2.10 (-74.00~176.00)* 3.07 (-75.20~182.33)™
No. of tablet of sulfonylurea 0.62 +£0.73 0.74 £0.74 0.68 £0.67

No. of tablet of metformin 1.28 £1.27 1.68 £ 1.14x 1.74 £ 1.20"
No. of tablet of voglibose 044 +1.11 0.42 £1.03 0.43 £ 1.05

No. of tablet of TZD 0.08 £ 0.26 0.06 £0.24 0.05£0.23

No. of tablet of other hypoglycemic agent 0.04 £0.34 0.04 £0.33 0.07 £ 0.45
insulin user (%) 10.1 3.1x 2.1

DM, diabetes mellitus; BMI, body mass index; PP, postprandial; Mo, fasting pancreatic responsiveness; M;, postprandial
pancreatic responsiveness; TZD, thiozolidinedione

Data are expressed as means = SD

Insulin, C-peptide, Mo and M; values are described as median(minimun~maximum) values

¥ 1 P<0.05 between groups (tertile 1 vs. tertile 2)

71 P<0.05 between groups (tertile 1 vs. tertile 3)

¥ P<0.05 between groups (tertile 2 vs. tertile 3)

A7E ol A AZA] #ge] ‘31]5}‘1]&_ W-3-& Wl dione, Hle]Fropto|E 5) 9] 9= AL B3} AR oA
ol Ee 5= A P, 2y SR A AAPEe Folo] UAF Fu ofF7} 2% C-peptide kel WA= 4
A9 FARE dljof sl ©de] 9l o] o vlate] A}l F-5t e of A JA vk Lev G FFIA| o)1=
AAFE 7 Aol ArpbEo R 4] el B AAA), thiazolidinedione, Hlo]qrolo]= 52 o] H|
= ST F Jom mg ohrst 9o Aol v ERAaEe] 2 AEahA] rom g oA Fo o] Bk 2 <l
sl Ao el T-9] Aol F3ks vA 7Fsde Arial Ak wegk 3
AEQAAY] G- A8 wEbA el Z-8ate] Qlad NE7F A= HHe] #sht QIS e d e R 3t
WHIE SRR AL 5381 ZAL Feb A0 Fof o HaAd ok &3 o § A A% I} G3id
571 2% C-peptide ¥l J&FS v 7Fsdo] it A7t wi - 2SRt AE 7T Qe HoeE mjE
Kostinen 5°V& AEZ aaA|o] AAA T ¥y} A5 o] Hol & ATre] Wo] A9 A% QlEd FH TS
C-peptide®] Aol Fak& vR|A| o} 2} FalAL Al s wdgitial & 4 Qlvk 2B e A9s
YA HELLAE FAE T 87) gk Bkl o2 AIES] H&o5TE £ Ao Aol JIE v
th TR oIS (g3t SFFAH0]= AAA, thiazolidine— 7hs/3e AvhaL ATy et AAF B8 HAR AJSA]
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Table 4. Clinical Characteristics according to the Tertile of PP 2 Hour C-peptide

PP 2 hour C-peptide tertile tertile 1 tertile 2 tertile 3

N 389 391 390
range 0.85~3.11 3.12~4.48 4.49~14.82
Age (year) 54.2+11.6 55.1+11.2 54.3 % 12.0
Sex (female %) 44 44 43

DM duration (years) 78+7.1 4.9 +5.9% 2.8+ 4.5
BMI (kg/m?) 24.2 + 3.0 25.4 + 3.0+ 26.6 £ 3.4™
Fasting glucose (mmol/L) 9.14 + 3.01 8.04 + 2.39x 7.48 £ 2.03™
PP 2 hour glucose (mmol/L) 14.21 £ 5.60 12.83 £ 4.72% 12.12 +4.10"
HbA 1 (%) 8.6+ 1.9 7.8+ 1.7+ 75+ 1.5

Fasting insulin (pmol/L)

PP 2 hour insulin (pmol/L)
Fasting C-peptide (ug/L)
PP 2 hour C-peptide (ng/L)
Delta insulin (pmol/L)

Delta C-peptide (ug/L)

Mo

M

No. of tablet of sulfonylurea
No. of tablet of metformin
No. of tablet of voglibose
No. of tablet of TZD

32.9 (4.8~153.5) 46.7 (10.4~367.7)*
108.9 (14.1~479.1) 226.0 (42.8~790.0)*

1.23(0.43~2.91)
2.43(0.85~3.11D)
70.6 (0.5~384.5)
1.09 (0.02~2.42)
0.79 (0.25~2.53)

1.56 (0.67~3.91)=
3.74 (3.12~4.48)=*
170.8 (56.3~619.2)=*
2.10(0.02~3.51)=*
1.15(0.41~3.12)=

1.05 (-65.50~50.67) 2.06 (-74.00~167.00)*

0.71 £0.76
1.38 £1.33
0.45 £+ 1.07
0.06 £0.23

No. of tablet of other hypoglycemic agent 0.03+£0.31

insulin user (%)

12.1%

0.72+£0.73
1.71£1.11
0.49 £ 1.14
0.07 £0.25
0.02 £0.24
2.0%

67.0 (11.8~283.1)"
415.9 (46.0~2152.5)™
2.12(0.82~6.70)™
5.63 (4.49~14.82)™
344.0 (3.6~1972.2)™
3.67 (0.99~10.83)™
1.58 (0.48~6.79)™
4.23(-75.20~182.33)™

0.41 + 0.62™

1.70 + 1.14
0.34 + 0.96
0.07 £ 0.25
0.11 £+ 0.56

1.0%"

DM, diabetes mellitus; BMI, body mass index; PP, postprandial; My, fasting pancreatic responsiveness; M, postprandial
pancreatic responsiveness; TZD, thiozolidinedione

Data are expressed as means = SD

Insulin, C-peptide, Mo and M; values are described as median(minimun~maximum) values

* . < 0.05 between groups (tertile 1 vs. tertile 2)

"1 P<0.05 between groups (tertile 1 vs. tertile 3)

t. P<0.05 between groups (tertile 2 vs. tertile 3)
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Table 5. Partial Pearsons

Correlation Coefficiency between Duration of
Diabetes and other Parameters after Controlling Age, Sex and BMI

Correlation efficiency (y) P value
Fasting glucose 0.221 <0.001
PP 2 hour glucose 0.197 <0.001
Hbalc 0.168 <0.001
Fasting insulin -0.063 0.049
PP 2 hour insulin -0.290 <0.001
Fasting C-peptide -0.093 0.003
PP 2 hour C-peptide -0.290 <0.001
Delta insulin -0.284 <0.001
Delta C-peptide -0.294 <0.001
Mo -0.229 <0.001
M, -0.276 <0.001

BMI, body mass index; PP, postprandial; Mo, fasting pancreatic responsiveness;

M, postprandial pancreatic responsiveness

Table 6. Pearsons Correlation Coefficiency between HbAi. and other Parameters

Correlation efficiency (y) P value
Fasting glucose 0.702 <0.001
PP 2 hour glucose 0.707 < 0.000
Duration of DM 0.168 <0.001
Fasting insulin -0.012 0.704
PP 2 hour insulin -0.298 <0.001
Fasting C-peptide 0.087 0.007
PP 2 hour C-peptide -0.271 <0.001
Delta insulin -0.312 <0.001
Delta C-peptide -0.355 <0.001
Mo -0.399 <0.001
M, -0.537 <0.001

DM, diabetes mellitus; BMI, body mass index; PP, postprandial; My, fasting pancreatic
responsiveness; Mi, postprandial pancreatic responsiveness
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