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Chapter 6
Physical characteristics that predict final basal insulin dose in 

type 2 diabetes mellitus, with a special focus on BMI

Airin C R Simon, Geremia B Bolli, Marie-Paule Dain, Edward Wang, Frits Holleman
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Abstract

Background and Aims
The possibility to predict final insulin dose based on patient’s characteristics would 

allow for efficient titration for patients with higher dose needs. The primary aim of 

this post-hoc analysis of the L2T3 study was to determine predictors for final dose. 

Specifically, we focused on the relationship between BMI and dose. The secondary 

aims were to investigate (i) the predictive value of BMI and age on final dose and 

(ii) the possibility to tailor the starting dose of insulin based on BMI and age.

Methods and Results
We performed two stepwise regression analyses, one using all baseline characteristics, 

and one using physical characteristics and FPG which can be assessed ‘at the bedside’ 

only. Furthermore, median [min, max] final doses of groups stratified according to 

BMI and age were calculated.

BMI clearly correlated with final dose in IU (Pearson correlation 0.42 [0.37;0.48], 

p<0.001). Characteristics which can be assessed “at the bedside” that predict 

high final dose were allocation to detemir, absence or discontinuation of insulin 

secretagogues, high BMI, low age, male gender and high FPG. Final dose varied among 

strata (BMI ≥30 kg/m2: 64 IU; BMI <30 kg/m2: 38 IU, p<0.001 and age <59 years: 52 IU; 

age ≥59 years: 44 IU, p<0.001). All groups stratified for both BMI and age showed 

similarly low minimal final dose (5-17 IU).

Conclusion
Our data showed a high predictive value of BMI on final dose. However, it does not 

seem possible to tailor starting dose based on BMI and age.
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Introduction

The prevalence of type 2 diabetes is increasing rapidly worldwide [1]. Many patients 

with type 2 diabetes eventually require insulin therapy [2]. A once daily basal insulin 

regimen is recommended as first treatment option [3;4]. Step-wise insulin dose 

titration to reach glycemic treatment targets can take a long time, particularly in 

those with high insulin needs. The possibility to predict the final insulin dose based 

on certain clinical characteristics would allow for easier and more rapid titration for 

patients with higher dose needs [5].

Previous studies have already focused on setting final basal insulin dose based 

on clinical parameters. Four decades ago, it was assumed that fasting plasma 

glucose (FPG) was the most important predictor for basal insulin requirement. 

Subsequently, a formula to estimate daily basal insulin doses based on FPG was 

suggested following insulin infusion studies [6]. Hereafter, empirical data proved that 

also weight could not be neglected when determining insulin requirement [7]. A more 

recent study, taking numerous baseline parameters into consideration, found even 

more parameters that correlated with final insulin dose following a treatment period 

with insulin [8]. However, this study was relatively small-scaled and encompassed 

laboratory parameters that are not routinely assessed by general practitioners 

thereby limiting practical relevancy.

The L2T3 study (NCT00405418) was a ‘treat-to-target’ basal insulin initiation 

study that compared insulin detemir twice daily to insulin glargine once daily in 

patients with type 2 diabetes. In a pre-planned analysis we investigated the effect 

of insulin secretagogues in the L2T3 study. The systematic titration of insulin aimed 

at FPG <100 mg/dl (and in the case of detemir also at predinner glucose <100 mg/

dl). We found that in patients with type 2 diabetes, continuing both metformin and 

secretagogue therapies led to lower insulin doses than when patients continued 

metformin therapy only when starting a basal insulin analogue [9]. However, other 

clinical characteristics, such as the type of insulin may be relevant in the determination 

of the insulin dose as well [10;11]. In the L2T3 study the insulin dose was higher with 

insulin detemir when compared to insulin glargine [12]. Potential explanations for 

this observation have been discussed previously [10]. However, this observation in 

dosage was different and higher than what had previously been reported in other 

studies [13-15]. The design of this study in which insulin detemir was initiated twice 

daily may have contributed to this difference in insulin dose. Furthermore, another 

study showed that differences in dosage between insulin analogues and NPH become 
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significant in patients with BMI >30 kg/m2 [16]. This indicates that obesity, as a clinical 

characteristic, might also be an important predictor for high insulin requirements.

The primary aim of this post-hoc analysis of the L2T3 study was to determine 

predictors for final insulin dose that can be assessed “at the bedside”, with a specific 

focus on the relationship between BMI and insulin dose.

The secondary aims were (i) to investigate the predictive value of BMI and age on 

final insulin dose, and (ii) to investigate the possibility to tailor the starting dose of 

insulin based on BMI and age.

Methods

The study design and methodology of the L2T3 study have been published 

previously [17]. In brief, it was a comparison of the efficacy of insulin glargine once 

daily versus insulin detemir twice daily using a fixed titration algorithm [12]. The L2T3 

study was approved by the local ethics committee and carried out in accordance 

with the principles of the Declaration of Helsinki and of Good Clinical Practice. The 

difference in final insulin dose between insulin glargine versus insulin detemir was 

already discussed in the main article of the L2T3 study and therefore not a focus of 

this study. Nevertheless, given the discrepancy in final insulin dose between insulin 

types, we present the data on final insulin dose both pooled and by insulin type.

For this particular patient-level analysis, we used the completers population 

(n=892) rather than the safety population, to ensure that insulin dose titration was 

performed. Statistical tests were two-sided and used a significance level of p<0.05. 

We expressed insulin dose in absolute units to allow for an association between 

insulin dose and BMI, instead of the more commonly used units/kg.

First, we examined the univariate Pearson correlation coefficients for the 

relationship between the various baseline factors and final insulin dose for detemir 

twice daily and glargine once daily. In addition, we compared the BMI to final 

insulin dose correlation of insulin glargine to insulin detemir. Second, we performed 

two stepwise regression analyses with backward elimination. We started with a full 

model, i.e. all baseline factors that we considered were initially included, and not 

only those that were significant in the univariate analyses. In the first analysis, we 

used all the baseline characteristics. In the second analysis, we used only physical 

characteristics and FPG which can be assessed “at the bedside” in order to find 

determinants that could be relevant to daily practice. FPG was also included as this 

parameter is normally measured before starting insulin therapy. We only included 
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variables in the regression analysis that could be assessed at baseline, i.e. before a 

patient initiated insulin therapy, to provide a simple tool for clinicians to predict final 

insulin dose.

For the secondary aims of the study, we performed two calculations. First, the 

variables BMI and age were dichotomized using the median as the cut-off point to 

create two strata for each variable. Subsequently, the median [min, max] of the 

final insulin dose for both strata of each variable was calculated. Second, multiple 

strata were created for each combination of the dichotomized variables (BMI and 

age). Subsequently, the median [min, max] of the final insulin dose for each stratum 

was calculated. Instead of a regression formula, we presented the median insulin 

dose in groups stratified according to patient characteristics to allow for an easy 

interpretation in clinical practice.

Study population
The baseline characteristics of L2T3 participants are available in Supplemental 

Table S1. In summary, patients had a baseline age of 58 years, the duration of type 2 

diabetes was approximately 10 years, the baseline HbA1c was 8.6% (71 mmol mol) 

and baseline BMI was 30 kg/m2. There were no significant differences between the 

treatment groups (once-daily insulin glargine versus twice-daily insulin detemir). All 

patients used metformin and approximately 85% used an insulin secretagogue at 

baseline, which was stopped at randomisation by 42% of users. At endpoint, mean 

insulin dose was 43.5 ±29.0 (insulin glargine) versus 76.5 ±50.5 (insulin detemir) units/

day (p<0.001) while the mean improvements in HbA1c were similar (-1.46 ± 1.09% 

versus -1.54 ± 1.11% respectively) (p=0.149).

Results

Important contributors to differences in final insulin dose
Results of the univariate analysis are shown in Supplemental Table S2. This analysis 

demonstrates that, for example, each additional 1% HbA1c at baseline resulted in a 

0.09 IU higher final insulin dose. To further delineate the role of BMI, the univariate 

correlations between BMI and insulin dose for insulin glargine and insulin detemir are 

shown in Fig. 1. Fig. 1 illustrates that the slope in the linear regression between BMI 

and final insulin dose was much steeper for insulin detemir than for insulin glargine 

(p=0.0011).
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The results of the first regression model (r2=0.49), which included all univariately 

significant characteristics, are shown in Supplemental Table S3. According to the first 

analysis, which included all baseline variables, independent significant predictors for 

a high final insulin dose were: allocation to detemir, absence or discontinuation of 

insulin secretagogues, high weight, high FPG, low age, high triglyceride, high c-peptide 

and low creatinine (Supplemental Table S3).

The results of the second regression model (r2=0.40), in which only physical 

characteristics and FPG which can be assessed “at the bedside” are used, are shown 

in Table 1. Independent significant physical characteristics that can be assessed ‘at 

the bedside’ that predict a high final insulin dose were: allocation to detemir, absence 

or discontinuation of insulin secretagogues, high BMI, low age, male gender and a 

high FPG (Table 1).

Table 1 Determinants of final insulin dose in regression model using only physical 
characteristics and FPG which can be assessed “at the bedside” – completers 
population

Parameter
Estimate

Standard
Error

p-value

Intercept -18.00797 17.90142 0.3147
Treatment randomized : Glargine -32.50796 2.36480 <0.0001
Age (yrs)  -0.64192 0.15590 <0.0001
Gender : Male 6.92206 2.43231  0.0045
Race : Black / Multiracial / Other 2.69776 5.04936  0.5933
Race : Asian / Oriental  -4.39039 3.79886  0.2481
BMI (kg/m²) 3.50940 0.27730 <0.0001
Duration of Diabetes (years)  -0.39934 0.22583  0.0774
Number of OGLDs used during the study 1.14565 2.83334  0.6861
Insulin Secretagogues at Study Entry -15.93781 4.79812  0.0009
Secretagogues STOPPED at randomisation  21.25753 2.54960 <0.0001
Diastolic Blood Pressure (mmHg) 0.06504 0.12377 0.5994
Laboratory Plasma Glucose (mg/dl) 0.14354 0.02496 <0.0001

The predictive value of BMI and age on final insulin dose
To see if a clinical “rule of thumb” could be established, we analysed the independent 

predictive value of BMI and age on final insulin dose, as the association of these two 

variables with the final insulin dose was not explored in previous studies. Insulin dose 

was highly skewed in distribution (Fig. 2).

Patients having a BMI ≥30 kg/m2 had a final insulin dose of 64 IU (insulin glargine: 

46.0 IU; insulin detemir: 85.5 IU), while patients having a BMI <30 kg/m2 ended with a 
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final insulin dose of 38 IU (insulin glargine: 28.0 IU; insulin detemir: 50.0 IU) (p<0.001). 

Patients with an age <59 years used a final insulin dose of 52 IU (insulin glargine: 

42.0 IU; insulin detemir: 74.0 IU), while patients with an age ≥59 years had a final 

insulin dose of 44 IU (insulin glargine: 34.0 IU; insulin detemir: 64.0 IU) (p<0.001) 

(Supplemental Table S4). The mean BMI did not differ between patients with an age 

<59 years or patients with an age ≥59 years (age <59 years: 30.3 kg/m2; age ≥59 years: 

29.9 kg/m2; p=0.300).

Figure 2 Insulin dose stratified according to BMI and age
The median, quartiles (inferior and superior) and minimum and maximum value of the final insulin dose 
according to BMI (kg/m2) at baseline and age (years) in the completers population

Tailoring the starting dose of insulin based on both BMI and age
The range of the insulin dose was highly variable between groups stratified according 

to both BMI and age (from 26 IU for lean old glargine users to 92 IU for obese young 

detemir users) (Fig. 3). Also within strata the insulin dose varied to a great extent. For 

example. among the young obese detemir users, the insulin dose ranged from 16 to 

362 IU. Among all strata the minimal final insulin dose was similar (5-17 IU).
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We hypothesized that the result of a similar minimal final insulin dose between 

groups stratified according to BMI and age might partly be attributable to titration 

failures, present among all strata. In an additional analysis (data not shown) we 

repeated all analyses after exclusion of titration failures. We arbitrarily defined 

titration failures as patients having a final FPG in the top 25% of the distribution, who 

had a dose below 40 IU and who did not have any hypoglycemia (as an excuse for 

failing to titrate further). Exclusion of titration failures (n=37; 4.2%) changed neither 

the magnitude of the effect of BMI and age on final insulin dose nor the minimal final 

insulin doses.

Figure 3 Insulin dose stratified according to the combination of BMI and age
The median, quartiles (inferior and superior) and minimum and maximum value of the groups stratified 
according to BMI (kg/m2) and age (years) in the completers population
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Discussion

The aim of this paper was to investigate the determinants of the final insulin dose 

following treatment with either insulin glargine once daily or insulin detemir twice 

daily in patients with type 2 diabetes starting insulin therapy. We specifically 

investigated the predictive value of BMI on final dose.

There was a clear univariate association between BMI and insulin dose. After 

correction for HbA1c, this effect was still present. BMI was also positively associated 

with final insulin dose expressed in IU/kg (data not shown). The slope of this association 

was much steeper for insulin detemir twice daily than for insulin glargine once daily, 

indicating that treatment allocation was important as well. In the multivariate analysis 

the major independent characteristics that predict a high final insulin dose that can 

be assessed “at the bedside” were: allocation to detemir, absence or discontinuation 

of insulin secretagogues, high BMI, low age, male gender and a high FPG.

The predictive value of BMI for final insulin dose seems greater with the group of 

patients using insulin detemir twice daily than in the group of patients using insulin 

glargine once daily. This finding is in line with a previous clamp study [18].

In both the univariate and the multivariate analyses the initial level of HbA1c 

was not an important independent determinant of the final basal insulin dose, even 

though another additional analysis (data not shown) confirmed that a high initial 

level of HbA1c is associated with a greater reduction in percentage of HbA1c. In 

the multivariate analysis, the effect of HbA1c diminished after adjustment for other 

covariates including BMI, indicating that any association in the univariate analyses 

was explained by the other covariates. It is also reasonable to suppose that HbA1c 

at endpoint might explain more of the variation in final insulin dose, but this variable 

cannot be used clinically as a predictor of final dose. Likewise, the occurrence of 

hypoglycemic events on treatment may have influenced final insulin dose, but again 

this cannot be used as a predictor at the first visit of the patient.

The age of the patient negatively correlated with the insulin dose. There is no 

obvious explanation for this finding.

The present study demonstrated that there was a high variation in final insulin dose 

within groups stratified according to BMI and age. Therefore only rough estimations 

of final basal insulin dose can be made when taking into account the patients’ BMI 

and age. In addition, it seems difficult to tailor the starting dose of insulin based on 

BMI and age, as the minimal final insulin dose was similar among all groups stratified 

according to BMI and age.
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A limitation of the study was that the present analysis was limited to the 

data of one study. Furthermore, data were retrospectively analysed. In the first 

analysis, which included all baseline variables, BMI was not an important significant 

determinant. Because weight and BMI are strongly correlated, the stepwise approach 

may have resulted in weight taking precedence over BMI. Nevertheless, from a clinical 

perspective, weight would probably be more convenient than BMI. Furthermore, 

one might argue that waist circumference is a better predictor of insulin resistance 

and thus insulin dose [19], but in our model weight and BMI took precedence. In 

conclusion, our data showed a high predictive value of BMI on final insulin dose. 

Rough estimations of final basal insulin dose can be made when taking into account a 

patients’ BMI and age. However, it does not seem possible to tailor the starting dose 

of insulin based on BMI and age. Consequently, we suggest to use a maximum of 20 IU 

when applying the commonly recommended starting dose of 0.1-0.2 IU/kg [3].
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Supplemental file

Table S1 Baseline demographic and clinical characteristics of the randomized population 
(once-daily glargine versus twice-daily detemir)

Characteristic Randomized population (n=973)

Female sex 441 (45.3)
Age (years) 58.4 ± 8.3
Ethnicity

White 757 (77.8)
Asian=Oriental 158 (16.2)
Black 18 (1.8)
Other 40 (4.1)

Duration of diabetes (years) 10.0 ± 5.8
BMI (kg/m2) 30.1 ± 4.8
Waist circumference (cm)

Women 100.5 ± 13.0
Men 104.3 ± 12.5

HbA1c (%) 8.7 ± 0.9
Fasting PG (mg/dL) 188.6 ± 48.8
Fasting C-peptide (pmol/L) 1,061.4 ± 481.7
OGLD

Metformin monotherapy 77 (7.9)
Metformin+one other OGLD 688 (70.7)
Metformin+two other OGLDs 199 (20.5)
Metformin+three other OGLDs 9 (0.9)

Late complications of diabetes
Diabetic macroangiopathy 164 (16.9)
Diabetic nephropathy 118 (12.1)
Diabetic neuropathy 258 (26.5)
Diabetic retinopathy 196 (20.1)

Concomitant conditions
No concomitant conditions 88 (9.0)
One or two concomitant conditions 377 (38.7)
Three or four concomitant condiions 271 (27.9)
More than four concomitant conditions 237 (24.4)

Data are n (%) or mean±SD values.
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Table S2 Univariate associations between baseline characteristics and final insulin dose (IU) 
– completers population (n=892)

Pearson Correlation 
Coefficient [95%CI]

p-value

Treatment allocation: glargine -0.39 [-0.44 ; -0.33] <0.001
Age (yrs) -0.16 [-0.23 ; -0.1] <0.001
Gender: male  0.03 [-0.03 ; 0.1] 0.348
Race: White  0.18 [0.12 ; 0.24] <0.001
Race: Black/Multiracial/other -0.01 [-0.07 ; 0.06] 0.841
Race: Asian/Oriental -0.2 [-0.26 ; -0.14] <0.001
Duration of diabetes (years) -0.19 [-0.25 ; -0.13] <0.001
Weight (kg)  0.44 [0.38 ; 0.49] <0.001
BMI (kg/m2)  0.42 [0.37 ; 0.48] <0.001
Waist circumference (cm)  0.44 [0.39 ; 0.49] <0.001
Number of OGLDs used during the study -0.11 [-0.18 ; -0.05] <0.001
Insulin Secretagogues at Study Entry -0.11 [-0.18 ; -0.05] <0.001
Secretagogues STOPPED at randomisation  0.13 [0.06 ; 0.19] <0.001
Systolic Blood Pressure (mmHg)  0.1 [0.04 ; 0.17] 0.002
Diastolic Blood Pressure (mmHg)  0.15 [0.08 ; 0.21] <0.001
HbA1c (%)  0.09 [0.03 ; 0.16] 0.006
C-Peptide (pmol/L)  0.41 [0.36 ; 0.47] <0.001
Laboratory Plasma Glucose (mg/dl)  0.21 [0.15 ; 0.27] <0.001
Microalbumin / Creatinine ratio (mg/mmol) -0.06 [-0.14 ; 0.01] 0.077
S-ALT (U/L)  0.22 [0.15 ; 0.28] <0.001
S-AST (U/L)  0.16 [0.09 ; 0.22] <0.001
Insulin (pmol/L)  0.34 [0.28 ; 0.4] <0.001
Creatinine (umol/L) -0.03 [-0.1 ; 0.04] 0.359
Triglycerides (mmol/L)  0.28 [0.22 ; 0.34] <0.001
HDL (mmol/L) -0.25 [-0.31 ; -0.19] <0.001
LDL (pooled) (mmol/L) -0.04 [-0.1 ; 0.03] 0.258

Table S3 Determinants of final insulin dose in a stepwise regression model including all 
baseline variables – completers population (n=892)

Parameter
Estimate

Standard
Error

p-value

Intercept 12.93578 11.83598  0.2747
Treatment randomized : Glargine -33.19108 2.23527 <0.0001
Age (yrs)  -0.49909 0.13992  0.0004
Weight (kg) 0.76414 0.07501 <0.0001
Insulin Secretagogues at Study Entry -16.03234 3.81523 <0.0001
Secretagogues STOPPED at randomisation 19.11422 2.39600 <0.0001
C-Peptide (pmol/L) 0.02436 0.00263 <0.0001
Laboratory Plasma Glucose (mg/dl) 0.11239 0.02362 <0.0001
Creatinine (umol/L)  -0.21903 0.07215  0.0025
Triglycerides (mmol/L) 3.27108 0.57725 <0.0001
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Table S4 Final insulin dose in the dichotomized variables BMI and age

BMI <30 kg/m2 BMI ≥30 kg/m2 p-value
Final insulin dose (IU)
(median, [IQR])

All: 38.0 [24.0-58.0]
IGlar: 28.0 [20.0-44.0]
IDet: 50.0 [34.0-76.0]

All: 64.0 [41.0-98.0]
IGlar: 46.0 [34.0-70.0]
IDet: 85.5 [56.0-124.0]

<0.001
<0.001
<0.001

Age <59 years Age ≥59 years p-value

Final insulin dose (IU)
(median, [IQR])

All: 52.0 [34.0-90.0]
IGlar: 42.0 [26.0-60.0]
IDet: 74.0 [45.0-114.0]

All: 44.0 [27.0-71.0]
IGlar: 34.0 [24.0-50.0]
IDet: 64.0 [40.0-90.0]

<0.001
<0.001
<0.012

All, both insulin glargine and insulin detemir; IGlar, Insulin Glargine; IDet, Insulin Detemir
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