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Antidiabetic medications use  
and cancer risk in type 2 diabetes

ABSTRACT
Introduction. The risk of several types of cancer is in-
creased in type 2 diabetes mellitus (T2DM). Impact of 
antidiabetic medications on this risk is still a matter of 
controversies. The aim of our observational study was 
to evaluate the risk of cancer occurrence associated 
with the most frequently used antidiabetic agents. 
Material and methods. 213 patients (118 women) with 
T2DM who developed cancer while treated for diabetes 
and 213 subjects with T2DM without cancer, matched 
by age and gender in a 1:1 case-control manner were 
included. Date of cancer diagnosis was considered as 
index time, and for each comparator data from the 
same calendar time were used. 
Results. Both in the univariate and in multiple logistic 
regression analysis metformin use was associated with 
reduced cancer risk, while elevated risk associated with 
insulin use was significant only in univariate but not in 
multiple logistic regression analysis. Insulin and sulfony-
lurea derivatives in monotherapy were associated with 
significantly higher cancer risk compared to metformin 
monotherapy, while in combination with metformin this 
risk was attenuated to non-significant level. 
Conclusion. Our study suggests protective effect of 
metformin and potentially negative impact of insulin 
and sulfonylurea derivatives on cancer risk. These 

findings should be interpreted with caution, due to 
relatively small study group. Nevertheless, to minimize 
cancer risk associated with antidiabetic medications’ 
use, metformin should be continued as long as medi-
cally acceptable and it should be combined with insulin 
or SU to neutralize risk associated with using either of 
the latter drugs in monotherapy. (Clin Diabetol 2017; 
6, 1: 17–25)

Key words: type 2 diabetes, cancer, metformin, 
sulfonylurea derivatives, insulin

Introduction
The risk of several types of cancer is increased in 

type 2 diabetes mellitus (T2DM). Digestive, urinary tract, 
breast and uterine cancers, lymphomas and leukemia 
are significantly more frequent among diabetic subjects 
compared to non-diabetic population. Among potential 
biological factors linking diabetes and cancer, hyper-
insulinemia, hyperglycemia, inflammatory cytokines, 
elevated estrogen and IGF-1 levels are listed [1–3]. 
Also glucose-lowering agents may influence the risk of 
malignancy in diabetic patients. The vast majority of 
evidence has indicated protective role of metformin and 
provided ambiguous data on other antidiabetic agents, 
most notably insulin, but also incretin-based therapies 
[1–5]. However, it should be remembered that T2DM is 
a progressive disease and treatment intensification over 
time is usually required. Moreover, many observational 
studies gave conflicting results, and possibly they were 
not free from time-related biases [6]. Thus, the exact 
role of each individual drug in cancer risk is not easy 
to assess and impact of antidiabetic medications on 
cancer risk still remains a matter of controversy [2]. 
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The main objective of our retrospective, case-
control study was to analyze risk factors associated with 
cancer development among type 2 diabetic patients, 
which was published elsewhere [7]. The aim of this 
sub-analysis was to further evaluate the risk of cancer 
development associated with the treatment models 
based on the most frequently used antidiabetic agents: 
metformin, sulfonylurea (SU) derivatives and insulin in 
a well-defined, longitudinally observed diabetic popula-
tion in a real life outpatient setting. 

The study was approved by the institutional Bio-
ethics Committee at the University of Rzeszow and by 
the all appropriate administrative bodies, and it was 
conducted in accordance with the ethical standards 
laid down in the Declaration of Helsinki (as revised in 
Brazil 2013).

Materials and methods
The study was conducted in four centers — three 

diabetic outpatient clinics and one primary care 
clinic. In the first step we performed retrospective 
analysis of existing individual patients’ records in our 
databases to identify patients with malignancy. They 
were considered eligible for analysis if they had can-
cer diagnosed after diagnosis of type 2 diabetes, at 
least one HbA1c measurement before or at the time of 
cancer diagnosis, date of diabetes diagnosis, diabetes 
treatment, BMI and history of comorbidities available. 
Patients with type 2 diabetes and cancer not fulfilling 
all these criteria were excluded from the analysis. In 
the databases of participating centers 213 eligible 
patients (118 women) were identified. Data analysis 
covered the period from January 1998 (the first eligible 
patient with diagnosed cancer) to 31 March 2016. 
In the second step we selected control group. This 
group consisted of 213 subjects with T2DM without 
cancer, strictly matched by age (the nearest birth date 
to “case” patient) and gender in a 1:1 case-control 
manner. Each case-control pair was recruited always at 
the same center to avoid impact of different treatment 
algorithms used in different clinics. The data from the 
time preceding cancer diagnosis date (index time) were 
taken into analysis. The data from the same calendar 
time were used for each comparator. Also demographic 
data, BMI, smoking habits, as well as duration, treat-
ment and metabolic control of diabetes (mean HbA1c 
from the preceding up to 3 years before index time, if 
available) were analyzed. 

Antidiabetic medication utilization throughout the 
whole course of the disease (if available) was taken 
into account. Each drug was classified as “used” if it 
was taken for at least 6 months. For patients treated 
with insulin, mean insulin dose from the preceding  

6 months, and duration of insulin treatment up to the 
index time were taken into analysis.

All included patients were of Caucasian ethnicity. 
Detailed characteristics of both groups are presented 
in the Table 1.

Statistical analysis of the data was performed using 
SigmaPlot for Windows version 12.5 (Systat Software 
Inc., San Jose, CA, USA). The continuous data for two 
groups were analyzed using an unpaired two-tailed 
Student’s t-test or by a U Mann-Whitney rank sum test 
where appropriate. For three or more groups One-way 
ANOVA or Kruskal-Wallis rank tests were used where ap-
propriate. The categorical data were compared using c2 
test. For the assessment of the effect of treatment and 
other risk factors on cancer occurrence OR (odds ratios) 
and 95% CI (confidence intervals) were calculated in an 
univariate and in a multiple logistic regression models. 
Cancer incidence in each treatment regimen was also 
calculated as a function of time (number of new cases 
per 100 patient-years). A p value < 0.05 was considered 
statistically significant.

Results
The most prevalent malignancies in the whole 

group were: breast (20.2%), colorectal (16.4%), uterine 
(8.0%) and kidney (8.0%) cancers. Cancer sites with 
over 5.0% prevalence in men and women separately 
are presented in the Figure 1.

There were no significant differences between the 
groups with regard to diabetes duration, its metabolic 
control, BMI and socio-demographic parameters (Table 1).  
In the univariate analysis use vs. non-use of a single 
drug, metformin was significantly associated with 
reduced, while insulin with increased cancer risk. In  
a multiple logistic regression analysis, after adjustment 
to other antidiabetic medications only metformin use 
remained significantly associated with reduced cancer 
risk (Table 1 and Fig. 2).

In the whole group the most frequently used anti-
diabetic medication was, not surprisingly, metformin. 
No differences with regard to age at index time, diabe-
tes duration up to index time, BMI and HbA1c between 
these three groups were found, while prevalence of 
cancer in these groups in one-way ANOVA test ap-
peared to be significantly different (Table 2). Due to 
small number of patients treated with acarbose and 
incretin medications (7.5% and 4.9% respectively) such 
calculations for these medications were not performed.

Among patients treated with metformin, those 
who developed cancer had significantly higher BMI 
compared to subjects without cancer, 31.8 ± 5.4 
vs. 30.4 ± 4.6 kg/m2 respectively, p = 0.019. Gener-
ally, obesity in this group was associated with signifi-
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Table 1. Characteristics of the study population

Parameter Cancer Control P value

Age at cancer diagnosis, years (mean ± SD) 67.1 ± 9.7 67.1 ± 9.7 N/A

< 65 years, n (%) 86 (40.4%) 86 (40.4%)

≥ 65 years, n (%) 127 (59.6%) 127 (59.6%)

Gender N/A

Male, n (%) 95 (44.6%) 95 (44.6%)

Female, n (%) 118 (55.4%) 118 (55.4%)

Diabetes duration, years (mean ± SD) 10.7 ± 7.4 10.5 ± 8.1 N/S

HbA1c 

% (mean ± SD) 7.36 ± 1.19 7.32 ± 1.05 N/S

mmol/mol (mean ± SD) 56.9 ± 13.0 56.5 ± 11.5

Antidiabetic medications use

Metformin, n (%) 136 (63.8%) 175 (82.2%) < 0.001

Sulfonylurea, n (%) 87 (40.8%) 105 (49.3%) N/S

Insulin, n (%) 114 (53.5%) 88 (41.3%) 0.008

Acarbose, n (%) 18 (8.5%) 14 (6.6%) N/S

Incretins, n (%) 13 (6.1%) 8 (3.8%) N/S

BMI [kg/m2] (mean ± SD) 30.7 ± 5.3 30.2 ± 4.7 N/S

Place of residence N/S

Rural, n (%) 41 (19.2%) 47 (22.1%)

Cities < 50.000 inhabitants, n (%) 28 (13.1%) 36 (16.9%)

Cities > 50.000 inhabitants, n (%) 144 (67.6%) 130 (61.0%)

Smoking status N/S

Never, n (%) 119 (55.9%) 122 (57.3%)

Ex-smoker, n (%) 56 (26.3%) 61 (28.6%)

Current smoker, n (%) 37 (17.4%) 30 (14.1%)

Unknown status, n (%)  1 (0.5%) –

Comorbidities

Cardiovascular disease, n (%) 53 (24.9%) 59 (27.7%) N/S

Hypertension, n (%) 186 (87.3%) 189 (88.7%) N/S

Hyperlipidemia, n (%) 163 (76.5%) 169 (79.3%) N/S

N/A — non-applicable; N/S — non-significant

Figure 1. The most prevalent cancer sites among women and men
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cantly higher risk of malignancy, OR 1.92 (1.22–3.04),  
p = 0.007. 

In the SU group the only significant difference 
between patients with and without malignancy was, 
similarly to metformin group, BMI. Patients with cancer 
had mean BMI 30.7 ± 5.3 kg/m2, while subjects with-
out malignancy 29.3 ± 4.7 kg/m2. Also in this group 
obesity was associated with significantly elevated risk 
of cancer, OR 2.26 (1.26–4.05), p = 0.009.

In comparison to patients not treated with insulin, 
the highest risk among insulin users was observed in the 
first 5 years of insulin treatment, OR 1.81 (1.10–2.97), 
p = 0.026, and among patients using daily insulin 
dose ≥ 0.5 IU/kg of body weight, OR 1.75 (1.10–2.76),  
p = 0.023. In univariate analysis each increment of 
insulin dose of 0.5 IU/kg of body weight was associated 
with significant 33.7% increase in cancer risk, p= 0.007.  
However, after adjustment to other antidiabetic 
medications, this negative effect was reduced to in-
significant (18.0%) level. We also noticed that among 
insulin treated patients with concomitant metformin, 
risk of malignancy was significantly lower, OR 0.39 
(0.22–0.72), p = 0.003, compared to patient on insulin, 
but without metformin.

Among various treatment models used by our pa-
tients, the most common was dual therapy with metform-
in and SU. Characteristics of patients using the six most 
frequent treatment regimens are presented in Table 3.

Patients on insulin monotherapy were significantly 
older compared to patients treated with metformin in 
monotherapy and in combination with SU. Diabetes 
duration was significantly longer and HbA1c was sig-
nificantly higher among patients treated with insulin 
in all regimens compared to non-insulin based models. 
Significant differences with regard to BMI were found 
between patients treated with metformin + insulin vs. 
insulin monotherapy and metformin + SU and also on 
monotherapy with metformin vs. insulin monotherapy.

Compared to metformin monotherapy, insulin and 
SU use in monotherapy was associated with signifi-
cantly higher risk of malignancy. However, the combi-
nation of insulin and/or SU derivatives with metformin 
attenuated this risk to insignificant level (Table 4). Other 
treatment regimens than presented in the table were 
less prevalent and thus the risk associated with them 
was not calculated.

We also analyzed cancer incidence as a function 
of time of exposure to treatment model (Table 5). 

Figure 2. Cancer risk associated with antidiabetic medications (use vs. non-use). N/S — non-significant

Table 2. Characteristics of all patients (case and control groups) treated with metformin, sulfonylurea (SU) and insulin 
(data presented as mean ± SD)

Medication n Age at index time 

(years)

Diabetes duration at 

index time (years)

BMI  

[kg/m2]

HbA1c (%)  

[mmol/mol]

Cancer  

prevalence

Metformin 311 66.4 ± 9.4 10.4 ± 7.6 31.0 ± 5.0 7.28 ± 1.09 43.7%

(56.1 ± 11.9)

Sulfonylureas 192 67.7 ± 9,4 10.9 ± 8.1 30.4 ± 5.0 7.22 ± 1.00 48.4%

(55.4 ± 10.9)

Insulin 202 67.0 ± 9.6 10.7 ± 7.5 30.7 ± 5.4 7.81 ± 1.13a 56.9%b, c

(61.9 ± 12.4)

ap < 0.001 vs. metformin and SU; bp = 0.007 vs. metformin; c p = 0.027 vs. SU
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The differences, although noticeable, appeared to be 
insignificant, the most probably due to a small study 
groups and relatively low number of cancer cases in 
each group. Nevertheless, it is noticeable that combin-
ing insulin or SU with metformin was associated with 
similar cancer incidence as metformin in monotherapy. 
The cancer-free survival in the first 10 years of treatment 
in these six groups is presented in Figure 3.

Discussion
Type 2 diabetes can be considered as a risk factor of 

several types of malignant neoplasms [1–3]. According 
to data reported to the Polish nationwide health insurer, 
National Health Fund (NFZ), also in Polish population 
incidence of bladder, liver, colorectal, pancreatic and 
prostate cancers is higher among diabetic subjects 
compared to non-diabetic population [8].

Table 3. Characteristics of patients treated with the most common treatment regimens (data presented as mean ± SD)

Treatment regimen n Age at index time 

(years)

Diabetes duration at 

index time (years)

BMI  

[kg/m2]

HbA1c (%)  

[mmol/mol]

Metformin monotherapy 68 65.0 ± 10.5 4.8 ± 4.5 31.3 ± 4.7d 6.62 ± 0.72

(48.9 ± 7.8)

Sulfonylurea monotherapy 25 67.0 ± 11.1 6.5 ± 4.2 30.8 ± 5.0 7.04 ± 0.96

(53.4 ± 10.5)

Insulin monotherapy 56 69.7 ± 10.7a 14.7 ± 9.3b 28.1 ± 3.1 7.92 ± 1.18b

(63.1 ± 12.9)

Metformin + sulfonylurea 93 65.6 ± 9.1 9.0 ± 6.1 29.7 ± 4.7 7.02 ± 0.99

(53.2 ± 10.8)

Metformin + insulin 83 66.8 ± 9.4 15.3 ± 8.1b 32.7 ± 5.1c 7.85 ± 1.19b

(62.3 ± 13.0)

Metformin + sulfonylurea + insulin 30 69.0 ± 7.7 13.6 ± 7.3b 30.7 ± 5.0 7.77 ± 0.86b

(61.4 ± 9.4)

ap < 0.05 compared to metformin monotherapy and metformin + sulfonylurea; bp < 0.05 compared to non-insulin regimens; cp < 0.05 compared to insu-
lin monotherapy and metformin + sulfonylurea; dp < 0.05 compared to insulin monotherapy

Table 5. Cancer incidence as a function of time in a different treatment regimens

Treatment regimen Cancer incidence per 100 patient-years p value

Metformin monotherapy (referent) 7.73 N/A

Sulfonylurea monotherapy 10.49 N/S

Insulin monotherapy 10.65 N/S

Metformin + sulfonylurea 7.12a N/S

Metformin + insulin 6.40b N/S

Metformin + sulfonylurea + insulin 9.67b N/S

aSince the introduction of sulfonylurea; bsince the introduction of insulin
N/A — non-applicable; N/S — non-significant

Table 4. Risk of cancer development in different treatment regimens in relation to metformin monotherapy

Treatment regimen n Case/control Odds ratio (95% CI) P value

Metformin monotherapy (referent) 68 25/43 1.00 N/A

Sulfonylurea monotherapy 25 17/8 3.66 (1.38–9.68) 0.014

Insulin monotherapy 56 44/12 6.31 (2.82–14.13) < 0.001

Metformin + sulfonylurea 93 37/56 1.14 (0.60–2.17) N/S

Metformin + insulin 83 38/45 1.45 (0.75–2.80) N/S

Metformin + sulfonylurea + insulin 30 14/16 1.51 (0.63–3.59) N/S

N/A — non-applicable; N/S — non-significant
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Among different risk factors of cancer occurrence 
among diabetic patients also antidiabetic medications 
use is listed [1–3]. However, despite growing number 
of publications in this field, the impact of antidiabetic 
medications on cancer risk still remains a matter of 
controversy. Type 2 diabetes, due to its progressive 
nature, requires gradual treatment intensification over 
time, beginning from lifestyle modification usually with 
monotherapy with metformin (or other oral drug), 
through different regimens of combined oral therapy 
(two, three, sometimes four oral medications), up to 
insulin treatment (sometimes in monotherapy, but usu-
ally with oral drug or drugs). It should be remembered 
that primary driver of these changes is hyperglycemia, 
and each treatment modification is preceded by dif-
ferently long-lasting period of poor metabolic control 
which also strongly influences cancer risk. Thus, in each 
individual case treatment is modified after a variable 
period of time, which makes assessment of a clear ef-
fect of each individual antidiabetic medication on the 
risk of malignancy difficult to determine. In addition, 
treatment changes are also a source of immortal-time, 
time-lag and time-window biases frequently met in 
observational studies [6].

Our study revealed highly significant reduction 
of probability of cancer development among patients 
using metformin. Similar results were also described 
in many previous studies, in which metformin reduced 
overall risk of malignancy [9–11]. However, some au-
thors did not found any protective effect of metformin 
on cancer development [12] or contests those associa-
tions due to the limitations of observational studies 
[13]. Nevertheless, a vast majority of evidence indicate 
reduced cancer risk among metformin users, which 
was confirmed in two large meta-analyses [4, 14]. The 
anti-cancer action of metformin includes both direct 
and indirect effect on cancer cells growth. A direct ef-
fect is mediated by mechanisms dependent and also 
independent of AMPK (AMP-activated protein kinase) 
pathways. Stimulation of AMPK and its regulator LKB1 
(liver kinase B1), by inhibiting mTOR (mammalian tar-
get of rapamycin) pathway acts as a tumor suppressor 
protein [4, 15]. But metformin can also inhibit cancer 
growth through several AMPK-independent pathways, 
including, amongst others, direct inhibition of mTOR 
and influence the energy state of the cell [4]. Indirect 
effect of metformin on cancer growth includes also its 
insulin-lowering action by reducing hepatic glucose 

Figure 3. Cancer-free survival among patients using different treatment models. Differences between all groups were insignifi-
cant, p > 0.05
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production and improving insulin sensitivity [4, 16, 17]. 
Moreover, it is possible that metformin may also play 
an additional immunomodulatory role [18].

In our study SU use in monotherapy demonstrated 
positive relationship with cancer risk compared to 
metformin monotherapy. However, SU derivatives 
combined with metformin with or without additional 
insulin, did not show significantly elevated risk of ma-
lignancy associated with its use. Similar results were 
revealed in a large retrospective cohort study by Currie 
et al. In this study SU use in monotherapy was associ-
ated with significantly elevated cancer risk compared 
to metformin monotherapy, while combined treatment 
with SU + metformin had neutral effect on cancer 
incidence [10]. Monami et al. in their case-control 
study demonstrated overall neutral effect on cancer 
risk associated with SU use. However, in this study not 
all SU derivatives were equal: glibencamide use was 
associated with increased risk, while gliclazide with re-
duced risk of malignancy [19]. In the recently published 
meta-analysis by Chen et al. SU use vs. non-use, similarly 
to our observation, appeared to be neutral in terms of 
cancer risk, while SU in comparison with metformin 
demonstrated increased risk of malignancy [20]. It is 
noteworthy that in our study among patients treated 
with either SU, as well as with metformin, obesity was 
associated with roughly doubled risk of cancer, which 
is in line with other observations [21, 22].

Meta-analyses of observational studies indicate 
detrimental effect of insulin on the cancer risk [5, 23]. 
Our study, similarly to observations by Currie et al. [10] 
and Li et al. [24] revealed elevated risk of malignancy as-
sociated with insulin use, but only when not combined 
with metformin. This relationship was dose-dependent, 
which was also found by Holden et al. [25]. Meta-
analysis by Janghorbani et al. demonstrated increased 
risk of malignancy associated with insulin use after 4 
years of insulin treatment [23]. In our observation risk 
of cancer was highest in the first 5 years of treatment, 
and become insignificant thereafter. This finding can be 
explained by increased mortality due to the cancer and 
also coronary heart disease observed among diabetic 
patients treated with insulin [26]. 

Although insulin use, especially in monotherapy 
seem to be harmful in terms of cancer risk, addition of 
metformin abolishes its negative effect on malignancy, 
which was observed both in our study, as well as in 
several others [7, 9, 27]. It should also be noted that 
in our study patients treated with insulin-based regi-
mens had longer diabetes duration, worse metabolic 
control and were older compared to patients on other 
therapeutic models, which could significantly influence 
cancer risk. In the study by Li et al. the cancer risk was 

gradually increasing with the diabetes duration [24]. 
Also in our recently published study the risk of malig-
nancy tended to increase with the duration of diabetes 
[7]. The impact of poor metabolic control on elevated 
cancer risk was documented in the meta-analysis by 
de Beer and Liebenberg [28], and was also observed 
in our previous study [7]. Epidemiological and clinical 
data indicate also higher cancer prevalence among 
elderly compared to younger patients [29, 30]. These 
observations can partly explain association between 
insulin treatment and cancer observed in our study.

Potential mechanisms linking insulin use with 
the risk of malignancy include its direct and indirect 
impact on cancer growth. Insulin is a potent growth 
stimulating hormone acting through type A insulin 
receptor, which is primarily mitogenic and its activation 
directly enhances cancer growth [2, 31]. In addition, 
hyperinsulinemia enhances hepatic expression of IGF-1 
(insulin-like growth factor-1) and increases its bioavail-
ability through depletion of insulin-like growth factor 
binding proteins: IGFBP-1 and IGFBP-2 [2]. However, 
although relationship between insulin treatment and 
risk of malignancy is plausible, it should be noticed 
that landmark prospective studies in type 2 diabetes 
did not confirm elevated risk of malignancy associated 
with more intensive diabetes treatment, usually with 
more frequent insulin use [32]. Also Outcome Reduc-
tion with an Initial Glargine Intervention (ORIGIN) trial 
did not reveal raised cancer risk among insulin users 
[33]. These observations can be explained by relatively 
short duration of these studies, frequent metformin 
use in combination with insulin, and, in addition, 
relatively low doses of insulin used in the ORIGIN trial. 
It should also be noted that the risk of malignancy as-
sociated with insulin use does not depend neither on 
the type of insulin (human or analog) [9, 33, 34], nor 
on the insulin treatment regimen (basal, basal/bolus 
or premixed) [25].

The number of patients treated with other an-
tidiabetic medications in our study was too small to 
determine their relationship with cancer risk.

Our study, as many observational studies, has also 
several limitations. The first and also the most impor-
tant is its case-control design. Obviously, a cohort study 
would be more appropriate for the analyses that we 
performed. However, we decided to perform this sub-
analysis of our data to more precisely evaluate associa-
tions between anti-diabetic medications use and cancer 
development found in our main study [7]. Another 
important limitation of this study is relatively small 
number of patients in treatment subgroups, which 
influenced statistical power of our findings. Another 
limitation is a small number of users of antidiabetic 
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medications other than metformin or SU derivatives, 
which did not allow us to widen our analyses. In these 
circumstances our results should be considered as 
preliminary and larger observations are warranted to 
confirm or refute our findings. And finally, despite our 
best efforts, time-related biases cannot be completely 
excluded.

This study has also several strengths. The most 
important is use of a high-quality data sources, with a 
long follow-up time (mean time from diabetes diagno-
sis to index time has exceeded 10 years) and extensive 
covariate information, which allowed us to evaluate 
associations between diabetes treatment and risk of 
malignancy on a wider background.

In summary, the results of our study strongly indi-
cate protective effect of metformin on cancer risk and 
suggest potentially negative impact of insulin and SU 
derivatives when used in monotherapy. Importantly, 
metformin combined with insulin or SU derivatives 
abolishes the risk of malignancy associated with using 
either of the latter drugs in monotherapy. Also excess 
of body weight seems to play a deleterious role in 
cancer risk. 

These results should be interpreted with caution 
due to the limitations of our study, which were men-
tioned earlier, and they should be confirmed in further 
larger observations to confirm or refute our findings. 

Nevertheless, to reduce the cancer risk associ-
ated with antidiabetic medications’ use, treatment 
with metformin should be maintained throughout 
the course of the disease as long as it is medically ac-
ceptable. Also strong efforts to reduce excess of body 
weight should be taken, especially among metformin 
and sulfonylurea users.
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