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Determining the Factors that Influence the Insulin Requirements in Type 2 Diabetic Patients

Jin Ook Chung, Dong Hyeok Cho, Dong Jin Chung, Min Young Chung

Department of Internal Medicine, Chonnam National University Medical School, Gwangju, Korea

Background: The initial insulin dose is often determined by clinical experience or with a formula using the body weight. However,
it may be difficult to determine the initial insulin dose because various factors such as insulin sensitivity and the glycemic status can
influence the insulin requirement. The purpose of this study was to assess the factors that influence the initial insulin requirement

in insulin naive patients with type 2 diabetes mellitus.

Methods: A total 128 patients who were admitted for glycemic control were investigated. The patients were managed with long-

acting insulin glargine and rapid-acting insulin lispro.

Results: The basal insulin requirement was positively correlated with waist circumference, body mass index (BMI), the HbA1C,
AST, ALT, fasting plasma glucose and 2-hour postprandial glucose levels and the homeostasis model assessment of insulin resis-
tance (HOMA-IR), but it was negatively correlated with age and the stimulated C-peptide level. The daily insulin requirement was
positively correlated with waist circumference, BMI, the HbA1C, AST, ALT, triglyceride, fasting plasma glucose and 2-hour postpran-
dial glucose level and HOMA-IR, but it was negatively correlated with age. On the multiple linear regression analysis, the basal insu-
lin requirement was independently associated with BMI ( = 0.507, P < 0.001), the 2-hour postprandial glucose level (8 = 0.307, P <
0.001), the ALT level (B = 0.214, P = 0.015) and the meal-stimulated C-peptide level (§ = -0.209, P = 0.010). The daily insulin require-
ment was independently associated with BMI (B = 0.508, P < 0.001) and the 2-hour postprandial glucose level (§ = 0.404, P < 0.001).
Conclusion: Our results show that the BMI and 2-hour postprandial glucose level are useful predictors of the initial insulin require-
ment in insulin naive type 2 diabetic patients. It may be prudent to consider the other various factors that influence the insulin re-
quirement together when insulin therapy is required. (Endocrinol Metab 25:110-118, 2010)

KeyWords: Body mass index, Diabetes mellitus, Insulin

M OB

b
0,

Al2% Frge] 27] AN e A8ZL] S S8 B9 2o

Received: 4 September 2009, Accepted: 27 January 2010

Corresponding author: Min Young Chung

Department of Internal Medicine, Chonnam National University Medical School,
8 Hak-dong, Dong-gu, Gwangju 501-757, Korea

Tel: +82.62-220-6500, Fax: +82.62-225-8578, E-mail: mychung@chonnam.ac.kr

http://www.enm-kes.org

7he st ARkl Aol whel BrdgdsiAt olad Ans 2
82 5| HH2] HTolle A=29 d92de e =
2 2 7E AR Ysl|E i3 4],
A&eL Folslas} & uf Ql&w ot CRESS
3] 2ate] AFol sl HF-S o3 o] ALgE T QI
5. —a}x]u} xﬂz&l i QXM el gt 9FE A= 2
&3 Aol 8 A 5 o1 89l
T} %

055

o z.}%@¢ otk 5 RIS A o] T 2HE 9
o =-gakdl FrAPsIL G eiElolol & Folck ol
3 HellA] Al2e ey B Qe ageel A RS
B4 BHe AL 2] Q4W 273 Agstd B8] @ Ao



Determining the Factors that Influence the Insulin Requirements

2 Al ofo] B AToAE QlgTle AFE Helo] gl A2
3 ghey Aol ke Sol A 27] ke e njAL
1A}l sl erob ) s,

CHAF

o =x

0Z

EH
=

1, LY
20081 35 20099 38 Afolo] A2 Fueg o 2 Wyl
Bl g Estol Y 2U Sl YUT BAE

0.2 B4tk A4S AHg FolAt T hatel] G vlE 5 9)

2 Alefatlem EeE HBs Ag Fd¢l AR, ant-HCV @A F73
AR 9l 3 140 g o] 4F9] 25E0] Qs AR Alelst

= LN

2.2 ok U0l 5-27] Helat olebr] WS 2Ralgon 2
8] Zstel % gho] Bk ALskoc mEgte] AEke 42}
o2 gof 23] o] SHSH =57] o] 140 mmHg ©}/del 74

o[2k7] Egto] 90 mmHg o1l H$-2 8}91aL o] W=}
Hof| oju] AENS A FUEPAE 5§ ¢ I/ 1E
3ol gl Ao Psck

SRS 10417 ol FAIAIZ] o2l 35 Aol Aeletol B
% 44, C-HE|=(RIAY: Biosource Europe S.A., Nivelles, Bel-

gium), A& FEIRMAYH: DAINABOT, Japan), G344 (ion
exchange liquid chromatography®: HLC-723 GHbV, Tosoh, Japan),
T ZU2EE FEAR, TEEAT FEAHE A=A T
Y 2HE, G2 A HAHACS-ACODH: Wako Pure Chemical Indus-
tries Ltd,, Japan)»& S48 E3F 220 FheAAl 2417 &
AEE oo AT 83 L @ A% CHEES 4l

ol& AT Y] A 3E Z A HOMA-IR (homeostasis model assess-
ment of insulin resistance index)S ]88}, % wlEbA| 322
AaRH| 5] AEZ HOMA-GS AltsigieHol Atk 3412 ot
et 2k

HOMA-IR = [Fasting plasma insulin (uIU/mL) x fasting plasma

glucose (mmol/L)] / 22.5
HOMA- = [20 x fasting plasma insulin (uIU/mL)] / [fasting

plasma glucose (mmol/L) — 3.3]

w

[o o om

FEH
=
FRPYAAL AL Fold A ATEFIIS SR}

i, =
aom g 285 8l 714 e glargine et A3

S

DOI: 10.3803/EnM.2010.25.2.110

m

‘ Long-acting insulin (0.2 U/kg) ‘

FBS <120 mg/dL

Yes | | No

Maintenance ‘ ‘ Dosage titration every day

180 mg/dL>+4 U
160 mg/dL>+3 U
140 mg/dL>+2 U
120mg/L>+1U

FBS <120 mg/dL

‘ Maintain long-acting insulin dose ‘

Postprandial glucose >180 mg/dL
Yes No

‘ Start rapid-acting insulin (0.05 U/kg) ‘ ‘ Maintain long-acting insulin dose ‘

Postprandial glucose >180 mg/dL

Yes No
‘ Dosage titration every day ‘ ‘ Maintain rapid-acting insulin dose ‘
300mg/dL>+4 U
260 mg/dL>+3U 120mg/dL>-1U
220 mg/dL>+2 U
180mg/L> +1U <100 mg/dL>-2U
— <80 mg/dL>-4U

Postprandial glucose <180 mg/dL

Maintain rapid-acting insulin dose

Fig. 1. Insulin protocol. The algorithm shows initiation and titration of insulin
regimens.
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Table 1. Clinical characteristics of study population
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o] & FYL, Tt 717 79090 ARG 236
kg/m?, 5]2|=d| 84 cm, BEFEMA 75%, 35 E 132.0 mg/dL,
A5 2417 E 207.0 mg/dLol ik E3F 55 C-HE| = 250 ng/dL,
A2 24 7F C-HE| = 4.85 ng/dL, HOMA-IRS 3.130]{CH(Table 1).
AP 2R S 24 Fold fAh= 257(195%)019121 103
HB05%)-> AT ASIAIE B8l Qlolch BT HAE
58 52 A5 7470 ALY ARG o2 RS
S o ZE|HulE]= 95(74.2%), HIEE 2RI 73TH(57.0%), B2E|H
2 3178(24.2%), 7] Q2T EFE 6% (4.7%)0] I TH Table 1), 2212
5 A9 13] 83 A= 63166.3%), LT} 2B of 23] &
B3t k= 32933 700130tk gk A skA o] e

Men (n =64) Women (n = 64) Total (n=128)

Age (years) 61.9(16.1) 65.0(16.5) 63.0(16.7)
DM duration (years) 5.0(10.5) 9.0(10.5) 7.0(9.0)
DM family history (n, %) 8(125) 16(25.0) 24(18.8)
WC (cm) 86.0(12.6) 83.0(12.6) 84.0(12.0)
BMI (kg/m?) 236(4.1) 236(4.0) 236(4.0)
SBP (mmHg) 130.0(20.0) 130.0(20.0) 130.0(20.0)
DBP (mmHg) 80.0(10.0) 80.0(20.0) 80.0(12.0)
HbA1c (%) 7.1(3.6) 8.4(3.2) 75(33)
AST (UL 235(8.0) 20.0(7.7)* 22.0(9.7)
ALT (UN) 240(185) 17.0(13.7)* 21.0(18.0)
TC (mgydL) 180.5(77.5) 182.0(59.0) 181.0(67.0)
HDL-C (mgy/dL) 41.0(14.5) 42.0(17.0) 420(16.7)
LDL-C (mg/dL) 119.0(51.7) 109.0 (57.0) 114.0(56.0)
TG (mg/dL) 132.0(107.0) 117.0(88.0) 124.0(88.0)
FFA (uEq/L) 632.0(313.7) 683.0(489.0) 650.0 (383.0)
hs-CRP (mg/dL) 0.108 (0.253) 0.094 (0.216) 0.096 (0.231)
FBS (mg/dL) 129.0(88.2) 1325(66.7) 132.0(75.5)
PP2hr glucose (mg/dL) 207.0(119.0) 198.0(121.0) 207.0(119.0)
Fasting insulin (pU/mL) 9.0(9.1) 11.5(13.5) 10.3(11.4)
Fasting C-peptide (ng/mL) 2.50(2.40) 2.45(2.0) 2.50(1.90)
Meal stimulated C-peptide (ng/mL) 5.30(3.70) 4.30(4.30) 4.85(4.02)
HOMA-IR 2.88(3.02) 3.87(4.20) 3.13(3.90)
HOMA-B 489(702) 62.1(97.8) 52.1(77.8)
UAE (mg/gCr) 135(73.4) 15.1(62.4) 14.8 (67.6)
Antidiabetic agent (n, %)

Diet/OHA 17 (26.6)/47 (73.4) 8(12.5)/56 (87.5) 25(19.5)/103 (80.5)

Sulfonylurea 42 (65.6) 53(82.8)* 95(74.2)

Biguanide 37(57.8) 36(56.2) 73(57.0)

o-glucosidase inhibitor 12(18.8) 19(29.7) 31(24.2)
Antihypertensive (n, %) 22 (34.4) 33(51.6) 55 (43.0)
Antihyperlipidemic (n, %) 23(35.9) 25(31.9) 48(37.5)

Data are median (interquartile range).

BMI, body mass index; DBP, diastolic blood pressure; DM, diabetes mellitus; FBS, fasting blood glucose; FFA, free fatty acid; HDL-C, high density lipoprotein choles-
terol; HOMA-IR, homeostasis model assessment: insulin resistance; hs-CRP. high sensitivity C reactive protein; LDL-C, low density lipoprotein cholesterol; OHA, oral
hypoglycemic agent; PP2hr glucose, 2-hour postprandial glucose; SBP. systolic blood pressure; TC, total cholesterol; TG, triglyceride; UAE, urinary albumin excretion

rate; WC, waist circumference.
*P<0.05, men vs. women.
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Table 2. Insulin requirements for plasma glucose control in type 2 diabetic patients
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0.239, P = 0.007)3 o] FIIAE BH o A =-0421, P<
0.00D) @ A% C-HEE(r = <0188, P = 0.035)2} 9] AIA S
Helok A} dladl QateF2 AERFAI0 = 0318, P < 0.00D, &
S A = 0.249, P = 0.005), AST (r = 0.252, P = 0.004), ALT (r =
0.391, P < 0.00D), AR = 0.204, P = 0.022), S-S A AN =
0.207, P = 0.040), 2]~ 2A|17F (= 0.279, P = 0.004) Y HOMA-
IR (= 0241, P= 00003} <] A E Bick 94 ded &
TFeEe S| = 0.237, P = 0.02D), AZDHFAL0 = 0427, P <
0.001), GEFEMA(r = 0422, P < 0.001), AST (= 0.231, P = 0.009),
ALT (r = 0418, P < 0.00D), SAAXH G = 0.198, P = 0.027), 55t
(r = 0.254, P = 0.004), A% 2A7F (- = 0400, P < 0.001) L
HOMA-IR (r = 0.294, P = 0.00D)3} 503t ko] AtaA17} 9l9le
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0.00D), ALT (8 = 0.214, P = 0.015) @ 2] C-HE|=(8 = -0.209, P =
0.0100|3{TH(Table 4). A4} Qladl Qtefo] HPA o= JaFS 1]
2] Q1A= ALT (8 = 0.353, P = 0.001), HOMA-IR (8 = 0.211, P =
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o] TH(Table 6).
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A s SHAY b ARFEA, 452417 D ALT 9 A%
C-HlE|=ol3lom 4 et 84 9= vAle Sl
IAb= AT Ao A5 2417F Bl ik

Men Women Total
Basal insulin (U/day) 20.0(11.0) 200(11.7) 20.0(12.0)
Prandial insulin BB (U/day) 6.0(4.0) 6.0(7.2) 6.0(4.0)
Prandial insulin BL (U/day) 6.0(4.0) 55(8.0) 6.0(5.0)
Prandial insulin BS (U/day) 6.0(4.7) 5.0(8) 6.0(5.0)
Total insulin (U/day) 38.0(17.5) 345(28.7) 37.0(215)
Total insulin (U/kg/day) 0.59 (0.30) 0.64(0.53) 0.60(0.39)

Data are median (interquartile range). BB, before breakfast; BL, before lunch; BS, before supper.
Data were analyzed by Mann-Whitney U-test. There were no significant difference between men and women.
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Table 3. Simple correlation between insulin dosage and other parameters in type 2 diabetic patients

Basal insulin Prandial insulin® Total insulin
r r r
Age -0.421* -0.173 -0.318*
DM duration 0.045 0.024 0.055
WC 0.298" 0.119 0.237*
BMI 0423 0.318 0.427*
SBP 0.119 -0.066 -0.087
DBP -0.039 -0.037 -0.034
HbA:c 0.496" 0.249' 0.422*
AST 0.222* 0.252' 0.231"
ALT 0.407* 0.391* 0.418*
TC 0.018 0.103 0.063
HDL-C -0.101 -0.157 -0.158
LDL-C 0.069 0.160 0.123
TG 0.171 0.204* 0.198*
FFA 0.143 0.207* 0.167
hs-CRP -0.106 -0.079 -0.075
FBS 0.340° 0.155 0.254
PP2hr glucose 0.434* 0.279' 0.400°
Fasting insulin 0.102 0.153 0.177*
Fasting C-peptide -0.008 -0.025 0.014
Meal stimulated C-peptide -0.188* 0121 -0.170
HOMA-IR 0.239" 0.241" 0.294'
HOMA-B -0.105 0.062 0.008
UAE -0.126 -0.050 -0.110
Sulfonylurea 0.041 0.151 0.133
Biguanide 0.012 0.149 0.085
a-glucosidase inhibitor 0.040 0.047 0.048

*P<0.05,'P<0.01, *P<0.001, *Prandial insulin before breakfast.

BMI, body mass index; BW, body weight; DBP. diastolic blood pressure; DM, diabetes mellitus; FBS, fasting blood glucose; FFA, free fatty acid; HDL-C, high density
lipoprotein cholesterol; HOMA-IR, homeostasis model assessment: insulin resistance; hs-CRP, high sensitivity C reactive protein; LDL-C, low density lipoprotein cho-
lesterol; PP2hr glucose, 2-hour postprandial glucose; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; UAE, urinary albumin excretion rate; WC,

waist circumference; NS, not significant.

Table 4. Multivariate linear regression analysis with basal insulin dose as the dependent variable

Basal insulin dose per day

] P-value Partial F R? (adjusted R?)
BMI 0.507 <0.001
ALT 0.214 0.015
PP2hr glucose 0.379 <0.001
Meal stimulated C-peptide -0.209 0.010 24.954 0.558 (0.536)

The log transformed variables were used for analysis.
BMI, body mass index; PP2hr glucose, 2-hour postprandial glucose.
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Table 5. Multivariate linear regression analysis with prandial insulin does as the dependent variable

Prandial insulin®

B P-value Partial F R? (adjusted R?)
AT 0.353 0.001
HOMA-IR 0.211 0.032
PP2hr glucose 0.226 0.033 8.225 0.297 (0.261)

*Prandial insulin before breakfast.
The log transformed variables were used for analysis.

HOMA-IR, homeostasis model assessment: insulin resistance; PP2hr glucose, 2-hour postprandial glucose.

Table 6. Multivariable linear regression analysis with total daily insulin dose as the dependent variable

Total insulin dose per day

B P-value Partial F R? (adjusted R?)
BMI 0.508 <0.001
PP2hr glucose 0.404 <0.001 27646 0.406(0.391)

The log transformed variables were used for analysis.
BMI, body mass index; PP2hr glucose, 2-hour postprandial glucose.
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