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Purpose: Given the importance of metformin, reasonable utilization is essential. We designed a cross-sectional survey on physicians’
attitude and clinical application of metformin in Anhui Province, China.

Methods: The survey was distributed via an electronic questionnaire among endocrinologists and general practitioners. Seven
representative questions were used to evaluate professional levels.

Results: Among the 477 valid responses, 72.75% of the respondents preferred to prescribe metformin extended-release, while only
34.38% of them would prescribe metformin extended-release at the correct frequency. More than half of the respondents thought that
estimated glomerular filtration rate < 45 mL/min/1.73 m? should be the contraindication of metformin prescription. Less than 10% of
the physicians selected correct responses for two questions regarding metformin usage and contrast agent. Physicians with higher
levels of hospital grades, education background and professional titles as well as working in general hospitals and in the Department of
Endocrinology achieved high scores (P<0.05). Logistic regression showed that department was an independent predictor for high
scores.

Conclusion: Physicians, especially non-endocrinologists, are not at a professional level for prescribing metformin. Physicians should
be highly vigilant in terms of standardized prescription for metformin. The guidelines or consensuses about diabetes care for
physicians should be promoted.
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Introduction

Prevention and control of diabetes mellitus (DM) is becoming a serious challenge for doctors worldwide due to the
rapid and sustained growth of DM prevalence in recent decades. According to the latest International Diabetes
Federation Diabetes Atlas, an estimated 537 million people were diagnosed with DM worldwide in 2021, and if
the current trends continue, 783 million adults are predicted to have DM by 2045." At present, although many new
hypoglycemic agents, such as dipeptidyl peptidase-4 inhibitors, sodium glucose cotransporter 2 inhibitors and
glucagon like peptide-1 (GLP-1) agonists, have been emerging in the medical market, metformin (Met) is
considered the first-line therapy in patients with type 2 diabetes mellitus (T2DM).>* Recent studies reported
that Met was still commonly used as antidiabetic drugs in patients with T2DM both among inpatients and
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outpatients.* "The National Diabetes Prevention Program (DPP) recommended Met to be used for prevention of
T2DM, and Met use has substantially increased in patients with prediabetes.® '° Therefore, the full understanding
of Met is essential for a clinician to provide appropriate prescription and instruction. We tried to search the
relevant literature of Met’s application in PubMed database and only a few surveys have been performed to
investigate the attitudes toward Met use in clinical practice among clinicians. An investigation of the knowledge,
attitude and practice (KAP) of Met extended-release (Met-XR) among clinicians in Sichuan Province was
conducted by the team of Professor Sheyu LI from West China Hospital.'' They concluded that the clinicians
needed sufficient knowledge to assist their clinical decision-making when prescribing metformin XR. Tamkeen
et al reported less than half of medical students had correct answers on the item measuring effectiveness of Met in
a lifestyle change program.'? However, to the best of our knowledge, there was no survey in the available
literature, which fully investigated the clinical practice of different pharmaceutical dosage forms of Met used for
patients with various comorbidities (eg: dysfunction of major organs, tumors) as well as special populations (eg:
children or adolescents, pregnant women, elderly people) among the clinicians. Here, a cross-sectional survey was
conducted to evaluate the attitude and clinical application of physicians regarding Met use in Anhui Province,
China. We tried to get more knowledge of clinicians’ attitudes toward and application of Met use, and also to
evaluate the expertise levels of all the respondents.

Methods

Respondents and Sample Size Calculation
The cross-sectional survey was conducted via an electronic questionnaire between June 8 and September 23, 2021. All
eligible participants were required to meet the following conditions: 1) obtained qualification for practicing doctors of
P.R. China; 2) currently practicing in different levels of registered health care institutes in Anhui Province; 3)
diagnosed and treated at least 10 patients with DM per month in the past 6 months; and 4) volunteered to take part
in the survey.

A formula sample size calculator was used to calculate the sample size (https://www.calculator.net/sample-size-

calculator.html).'" More than 385 respondents were needed for the present study, and 496 respondents were included at
the end of the survey with an estimated margin of error of 4.4% and a confidence level of 95%.

Survey Development and Distribution
The questionnaire was designed by a multidisciplinary team, including clinical endocrinologists, clinical pharmacists and
statisticians. Survey questions were developed for this study by researchers based on guidelines or expert consensuses of
diabetic care and clinical use of Met both in China and abroad.>**'*"'> An online version of the questionnaire was created
using the WJX.cn survey platform. The questionnaire was sent using a two-dimensional code, and WeChat social media was
used for dissemination of the survey and to invite physicians from all grades of hospitals in Anhui Province to complete the
survey. All respondents filled in the questionnaire anonymously, and the results were collected by the WJX.cn background.
The questionnaire consisted of 27 questions and required approximately 10 min to complete. The questionnaire
comprised the following three parts: 1) demographic information of all the respondents, including gender, years of
practice, education background, professional titles, hospital grades, hospital categories and departments; 2) assess-
ment of the attitude and clinical application of the physicians regarding Met using multiple-choice or true/false
questions (see Appendix 1); and 3) evaluation of the professional level of the respondents prescribing Met in their
clinical work. Seven representative questions were determined by the researchers (see Appendix 2), and the total
scores of correct responses were calculated (1 point score for each question). Respondents with high scores
(=5 points) were considered to have good professional knowledge.

Ethics

All the respondents were informed about the intention of this research and that their personal information would be
collected and used with confidential protection. The respondents were also informed how their responses would be
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analyzed. Informed consent from the respondent was obtained through checking a box at the beginning of the
questionnaire. This investigation adhered to the tenets of the Declaration of Helsinki. Because no medications were
prescribed and no interventions were performed, ethical approval was not required, and exemption was granted by Ethics
Committee of the The First Affiliated Hospital of USTC (No. 2022-ky393).

Data Analysis

Qualitative data are presented as frequencies and percentages. Subgroup analysis for the professional level in the third
part included gender, professional titles, education background, departments, hospital grades, hospital categories and
years of practice. The differences between the two subgroups were compared by the Chi-square test. The independent
factors that impacted the scores of correct responses were evaluated by multivariate logistic regression. P<0.05 was
considered statistically significant. SPSS statistical software version 21.0 was used for all statistical analyses.

Results

Response Rate and Demographic Information of Respondents

There were 496 respondents who volunteered to participate in the survey, and 19 respondents who never prescribed Met
were not included in the final analysis, resulting in 477 valid respondents with an estimated response rate of 96.17%.
Table 1 shows the demographic characteristics of respondents. Among the respondents, 66.25% had a professional title of
Primary or Intermediate, and 33.75% were senior physicians. In addition, 36.48% of the respondents had a Master’s
degree or above, while 63.52% of the respondents had a Bachelor’s degree or below. Most of the participants (85.53%)
practiced in general hospitals, and 59.33% of the physicians served in tertiary hospitals.

Table | Demographic Characteristics of the Survey Respondents

(n=477)
Parameters N (%)
Gender
Male 211(44.23%)
Female 266(55.77%)
Professional titles
Primary 116(24.32%)
Intermediate 200(41.93%)
Senior 161(33.75%)
Education background
Junior college 44(9.22%)
Bachelor 259(54.30%)
Master 152(31.87%)
Doctor 22(4.61%)
Departments
Endocrinology 350(73.38%)
Non-Endocrinology (general practitioner) 127(26.62%)
Hospital categories
General hospital 408(85.53%)
Specialized hospital 10(2.10%)
Community hospital 59(12.37%)
Duration of professional experience
<10 years 189(39.62%)
>10 years 288(60.38%)
Hospital grades
Primary 70(14.68%)
Secondary 124(26.00%)
Tertiary 283(59.33%)
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Attitudes Toward Met

The physicians’ attitudes toward Met are described and summarized in Table 2. The particular concerns, such as the

indications of Met, special populations, considerations of prescription, supplementation of vitamin B12 (VitB12) and

gastrointestinal (GI) reaction, were investigated among all the respondents.

Pharmaceutical Dosage Form, Frequency and Dose of Met Use
As shown in Table 3, the preference of pharmaceutical dosage form, the frequency of prescription, the initial dose,

maintenance dose as well as the maximum dose of Met use were investigated. More than 70% of the respondents

preferred to prescribe Met-XR, while only 34.38% of the respondents prescribed Met-XR quaque die (QD). Among the
physicians, 78.20% considered 500-1000 mg/d as the initial dose of Met, 66.25% considered 1000—-1500 mg/d as the

maintenance dose, and 69.18% considered 1500-2000 mg/d as the maximum dose in their daily work.

Table 2 Physicians’ Attitude toward Met

Numbers of Responses (%)

Which indications do T2DM TIDM Hyper-insulinemia | Obesity PCOS Others
you choose for 476(99.79%) 67(14.05%) 316(66.25%) 322(67.51%) 246(51.57%) 37(7.76%)
prescribing Met?
Which populations do Children 210y Children =15y Adults Gestational women | Elderly
you choose for
o 41(8.60%) 127(26.62%) 469(98.32%) 5(1.05%) 366(76.73%)
prescribing Met?
What is the main Patient’s Recommendation of guidelines Effective Low price
reasons for prescribing demand therapy
Met? 73(15.30%) 451(94.55%) 445(93.29%) 380(79.66%)

she experienced gastrointestinal reaction at
the initial stage of Met administration

182(38.16%)

Which factors do you Weight Hepatic function Renal function | Gastrointestinal reaction
consider more? 408(85.53%) 350(73.38%) 396(83.02%) 417(87.42%)
Used Met as the first choice for T2DM Yes No
patients in the absence of contraindications | 469(98.32%) 8(1.68%)
or intolerance
Prophylactic use of Met for prediabetes Yes No
289(60.59%) 188(39.41%)
Routine supplementation of VitBI2 Yes No
175(36.69%) 302(63.31%)
Suggested the patient stop taking Met if he/ | Yes No

295(61.84%)

Reasons why Met was ceased if he/she Possibility of Gastrointestinal tract Poor compliance Alternative anti-
experienced gastrointestinal reaction exacerbated injury diabetic or
gastrointestinal hypoglycemic drugs
reaction
146(80.22%) 59(32.42%) 107(58.79%) 71(39.01%)
Which methods would you use if you Start Met at a low dose | Prescribe Met-XR or Taking Met with or | Others
choose to continue Met if he/she and slowly titrate up enteric-coated/capsule immediately after
experienced gastrointestinal reaction tablets of Met a meal
255(86.44%) 158(53.56%) 210(71.19%) 18(6.10%)

Abbreviations: T2DM, type 2 diabetes mellitus; TIDM, type | diabetes mellitus; PCOS, polycystic ovary syndrome; Met-XR, metformin extended-release.
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Table 3 Pharmaceutical Dosage Form, Frequency and Dose of Met

Numbers of Responses (%)
Choice of pharmaceutical dosage forms Conventional IR Enteric-coated Tablets Extended-release Capsules
241(50.52%) 266(55.77%) 347(72.75%) 65(13.63%)
Frequency of Met IR Quaque die (QD) Bis in die (Bid) Ter in die (Tid) Quater in die (Qid)
71(14.88%) 229(48.01%) 323(67.71%) 18(3.77%)
Frequency of Met XR Qd Bid Tid Qid
164(34.38%) 407(85.32%) 82(17.19%) 5(1.05%)
Initial dose <500 mg/d 500 mg/d~1000 mg/d >1000 mg/d~1500 mg/d >1500 mg/d
26(5.45%) 373(78.20%) 68(14.26%) 10(2.10%)
Maintenance dose <500 mg/d 500 mg/d~<1000 mg/d 1000 mg/d~1500 mg/d >1500 mg/d
16(3.35%) 91(19.08%) 316(66.25%) 54(11.32%)
Maximum dose <500 mg/d 500 mg/d~<1500 mg/d 1500 mg/d~2000 mg/d >2000 mg/d
5(1.05%) 69(14.47%) 330(69.18%) 73(15.30%)

Application of Met in Different Comorbidities

As shown in Figure 1, 70.86%, 48.22%, and 19.50% of the physicians prescribed Met for patients with cancer, chronic
obstructive pulmonary disease and severe infections, respectively. Approximately 80% of the respondents considered that
Met should not be used in patients undergoing major surgery.

Professional Knowledge Toward Met

The correct responses of seven representative questions (Appendix 2) were calculated to evaluate the professional
knowledge of the respondents regarding Met prescription. As shown in Figure 2, most of the respondents considered that
long-term use of Met does not cause impaired renal function (86.16%), hepatic function (85.95%) or heart failure
(91.19%). Only half of the participants had good knowledge of the contraindications of Met. For the question, “To which
extent of renal damage is Met prescription contraindicated?”’, 53.88% of participants thought that glomerular filtration
rate (¢eGFR) of 45 mL/min/1.73 m? should be the upper limit of Met usage. For the question, “To which extent of hepatic
impairment is Met prescription contraindicated?”, 42.98% of participants selected “serum transaminase reaching more
than 3 times the normal upper limit” as the correct answer. Most participants were unclear how to prescribe Met before
using contrast agent. Only 8.18% participants indicated that they would discontinue Met just before using contrast agent,
at the time of the scan when the eGFR was >60 mL/min/1.73 m? or 48 h before using contrast agent when the eGFR was
45-59 mL/min/1.73 m?. Over half of the physicians (58.70%) considered that Met should be continued 48 h after using
contrast agent if there is no exacerbation of renal function.

Used in patients with cancer I 70.86% 29.14% ‘

Used in patients with chronic ’ 48.00%

0
obstructive pulmonary di 51.78% ‘

Used in patients performing

major surgery 16.35% | 83.65% I

Used in patients with severe

infections ‘ 19.50% | 80.50% ‘

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

O Yes ONo

Figure | Application of Met in different comorbidities.
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Figure 2 The accuracy of answers to 7 representative questions.
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Participants’ Characteristics Associated with Professional Knowledge Toward Met
The demographic characteristics associated with professional knowledge toward Met were analyzed (Table 4). The
respondents were stratified into different groups based on gender, professional titles, departments, hospital categories,

education background, years of practice, and hospital grades. The physicians with senior professional titles or highly

educated, or those serving in general hospitals, or in tertiary hospitals, as well as those in the Department of
Endocrinology achieved high scores.

Whether the respondents received high scores and the relevant single factors were input into a logistic regression
equation as dependent and independent variables, respectively. The result showed that working in Department of
Endocrinology was the independent predictor for high expertise level (OR=2.64, 95% confidence interval (CI) 1.53—
4.57, P=0.00) (Figure 3).

Table 4 Comparison of Correct Responses of the Physicians According to Different Grouping Methods

High Scores Low Scores x2 P

According to gender 0.88 0.35
Male 94(44.55%) 117(55.45%)

Female 130(48.87%) 136(51.13%)

According to professional titles 6.75 0.01
Primary and Intermediate 135(42.72%) 181(57.28%)

Senior 89(55.28%) 72(44.72%)

According to education background 6.42 0.01
Junior College and Bachelor 129(42.57%) 174(57.43%)

Master and Doctor 95(54.60%) 79(45.40%)

According to departments 3291 0.00
Endocrinology 192(54.86%) 158(45.14%)

Non-Endocrinology (general practitioner) 32(25.20%) 95(74.80%)

According to hospital categories 18.30 0.00
General hospital 208(50.98%) 200(49.02%)

Non-general hospital 16(23.19%) 53(76.81%)

According to professional experience duration 2.39 0.12
<10 years 97(51.32%) 92(48.68%)

>10 years 127(44.10%) 161(55.90%)

According to hospital grades 15.53 0.00
Primary and Secondary 70(36.08%) 124(63.92%)

Tertiary 154(54.42%) 129(45.58%)
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Figure 3 Logistic regression results of variables that affect the scores of respondents.

Discussion

Most surveys of Met were conducted among patients diagnosed with T2DM or clinical pharmacists,'®'®

only a few
surveys were performed to get knowledge of the KAP regarding Met in clinicians.'' At present, clinicians mainly
discharge the prescription in China healthcare industry. Therefore, in view of the first-line status of Met, being fully
aware of the KAP of Met among clinicians is essential. Liu et al designed a complete questionnaire of KAP among
clinicians in Sichuan Province regarding Met-XR.'" However, so far there has been no survey in the available literature
reporting the complicated application situation of Met (including the different dosage forms, special populations, various
comorbidities, etc.) among physicians. The present survey provided insights regarding the attitudes toward and clinical
applications of Met of physicians from different departments and institutes in Anhui Province, China. The analysis of the
survey showed that the physicians are not professional with regard to prescribing Met and should be highly vigilant in
terms of standardized prescription for Met.

Met has been prescribed to diabetic patients for more than 60 years, and some guidelines or consensuses have been
already released to standardize the prescription of Met.*'*"!> As the most widely used glucose-lowering drug, Met is
mainly prescribed for patients with T2DM. Both guidelines in China and abroad recommend adding Met for type 1
diabetes mellitus (TIDM) in overweight or obese populations as a supplementary treatment of insulin therapy.'*~° Met
has been demonstrated to improve insulin resistance, minimize insulin dose, reduce body weight and provide cardio-
vascular protection in patients with TIDM.'® ! In the present survey, only less than 15% of the respondents considered
T1DM as an indication for Met, while most of the respondents did not consider the use of Met in combination with
insulin. For the special population of pregnant women, Met is not recommended as a first-line agent because it can cross
the placenta to the fetus. However, neonatal hypoglycemia incidence and maternal weight gain occur less in pregnant
women using Met when compared to those using insulin.>*? Some follow-up studies reported that the offspring of
pregnant patients who used Met during pregnancy due to diagnosis of polycystic ovary syndrome (PCOS) or gestational
diabetes (GDM) have higher BMI, increased obesity, increased waist and slightly increased fat mass.>*** Our survey
showed that a minority of the physicians (1.05%) indicated that they would prescribe Met for pregnant women. In the
present study, over half of the respondents indicated that they have previously selected Met as a treatment alternative for
patients with hyperinsulinemia, obesity or PCOS. So, an increasing number of physicians are aware of the pleiotropic
effects of Met and use Met widely in different populations and not just to treat adult T2DM. In addition, Met also has
beneficial effects on other diseases such as aging and cancers.*

It is concerning that our survey found that different forms, dosages and frequency use of Met were reported by the
respondents. Met-XR, which is recommended to be administered once daily and provides an alternative for Met-IR
intolerance, has a lower rate of GI response and a similar hypoglycemia effect.>’*® If cost is not an issue, it is
recommended that physicians start treatment with Met-XR as the first choice to avoid switching or discontinuing due
to GI adverse effects (AEs). In our survey, 72.75% of physicians selected Met-XR, but only one third of the physicians
selected the correct frequency (Met-XR QD). These findings indicated that most of the physicians are unfamiliar with the
pharmacokinetics and correct frequency of the extended-release dosage form. About 69% of the physicians selected
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1500-2000 mg/d as the maximum dose in their daily work. Liu et al reported that 60.8% of the respondents selected the
correct dose range of 500-2000 mg for Met-XR and that 62.0% of the respondents selected the correct frequency (once
daily),"" which disagree with our results and may be related to the differences in the knowledge and region.

GI AE:s are typical problems frequently encountered with the use of Met, especially the dosage form of conventional
immediate-release (Met-IR). The side effects do not show a complete dose-response relationship and may disappear after
cessation.”” Although some patients are unable to tolerate Met at all after initiating at a low dose or titrating slowly,
pharmacology and endocrinology specialists suggest not to diagnose Met intolerance too quickly to avoid depriving the
patients of the benefits of Met.'**° Physicians should set a proper dose to weigh the glucose-lowering benefits against GI
reaction when AE occurs. Once started, Met therapy is suggested to be sustained as long as possible if the patients can
tolerate the GI reaction.” In the present study, 38.16% of the physicians indicated that they would stop Met treatment
when AEs emerge, and more than half of the physicians (61.84%) responded that they would withhold the medication
and adopt at least one of the following approaches to mitigate the GI reaction to Met: 1) start with a low dose and
gradually titrate up according to the patients’ response (86.44%); 2) change to Met extended-release (Met-XR) or enteric-
coated tablets (53.56%); and 3) suggest that Met-IR be taken with meals or immediately after meals (71.19%).

The safety of antidiabetic drugs for patients with DM and chronic kidney disease remains the center of attention. In
2020, the FDA revised the instructions for Met use and suggested expanded use of Met for diabetic patients with chronic
kidney disease (CKD).>' In view of the apparent mortality reduction and safety in DM patients with mild to moderate
impairment of renal function,*” it is recommended that Met can be safely used when the eGFR decreases to 45 mL/min/
1.73 m? or even below 30 mL/min/1.73 m*>*** Once the eGFR decreases to 45 mL/min/1.73 m?, it is necessary for
physicians to weigh the risks against the benefits of ongoing use of Met. When the eGFR is lower than 30 mL/min/
1.73 m?, patients should not be treated with Met.*>' According to the consensus of clinical use of Met in China (2018),
Met prescription is also contraindicated when eGFR decreases to less than 45 mL/min/1.73 m>.'> Our questionnaire
showed that 13.84% of the respondents had incorrect viewpoints that long-term use of Met may impair renal function,
and nearly half of the respondents did not know the contraindications of Met prescription in patients with renal damage.
Additionally, the association between radiocontrast agents and Met use was also surveyed by two multiple-choice
questions about clinical practice in the real world. The results showed that only 8.18% of the respondents correctly
answered the following question:” When would you suggest stopping Met prescription before using a contrast agent?”.
Around half of the participants selected the correct options for the following question: “Which do you select after using
a contrast agent?”.

Evidence has shown that Met is safe in diabetic patients with liver cirrhosis and that it decreases the related risk of
death and the incidence of hepatocellular carcinoma® as well as preventing the development of fatty liver disease.***” In
our survey, most respondents had the correct viewpoint that long-term use of Met will not impair hepatic function.
However, more than half of the physicians selected the wrong options regarding hepatic contraindication of Met
prescription. There have been no Cardiovascular Outcomes Trials performed to evaluate the safety of Met
in cardiovascular disease (CVD). Nevertheless, many retrospective or observational studies have demonstrated consistent
beneficial effects of Met in diabetic patients with CVDs, such as coronary heart disease and heart failure.*®*' Most of the
respondents (91.19%) in our survey considered that long-term use of Met would not exacerbate heart failure.

We analyzed the accuracy of reponses to seven professional questions in the questionnaire. The degrees of scores
showed that the physicians with higher levels of hospital grades or categories, education background, professional titles
as well as physicians working in Endocrinology Department tended to achieve high scores. However, further statistical
analysis demonstrated that department was the only independent risk factor of the professional levels. Therefore,
professional knowledge should be enhanced among non-endocrinology physicians, mainly referring to general practi-
tioners both in comprehensive hospitals and community health centers. In the background of the COVID-19 global
pandemic, online training may provide an appropriate form of continuing training.

The present study had several limitations. First, a limited number of clinicians participated in our survey, and all of
the respondents were from Anhui Province, China. The circumstances in other provinces may be different. Second, our
survey covered physicians from all institution levels, but more than half of them were from higher level hospitals, which
may have introduced a bias.
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Conclusion

Based on the present findings, some physicians have an unclear understanding of Met pharmaceutical dosage, side
effects, indications and contraindications, indicating that physicians should be highly vigilant in terms of standardized
prescription for Met. We recommended the physicians take continuous professional development training course. Self-
learning of guidelines or expert consensuses of diabetic care should be insisted on. Endocrinologists serving in general
hospitals or in tertiary hospitals have the responsibility to improve the professional skills and understanding of grass-
roots medical staff according to the current medical situation in China.
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