
Appendix 1 (as supplied by the authors): Supplemental material 

Supplemental Figure 1: Kaplan-Meier curves for low TSH levels (<0.4 mIU/L), stratified by 
the use of metformin and sulfonylurea monotherapy, with log-rank p-values 

Supplemental Table 1. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) 
associated with the use metformin monotherapy, compared with sulfonylurea monotherapy, in 
treated hypothyroid and euthyroid patients with type 2 diabetes, adjusted for high dimensional 
propensity scores 

Supplemental Table 2. Crude and adjusted hazard ratios for suppressed TSH levels 
(<0.1 mIU/L) associated with the use metformin monotherapy, compared with sulfonylurea 
monotherapy, in treated hypothyroid patients and euthyroid patients with type 2 diabetes, 
adjusted for high dimensional propensity scores 

Supplemental Table 3. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) 
associated with the use metformin monotherapy, compared with sulfonylurea monotherapy, in 
treated hypothyroid and euthyroid patients with type 2 diabetes, followed for a maximum of two 
years (intention-to-treat analysis) 

Supplemental Table 4. Crude and adjusted hazard ratios for suppressed TSH levels 
(<0.1 mIU/L) associated with the use metformin monotherapy, compared with sulfonylurea 
monotherapy, in treated hypothyroid and euthyroid patients with type 2 diabetes, followed for a 
maximum of two years (intention-to-treat analysis) 

Supplemental Table 5. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) 
associated with the use metformin monotherapy, compared with second and third generation 
sulfonylureas monotherapy, in treated hypothyroid and euthyroid patients with type 2 diabetes 

Supplemental Table 6. Crude and adjusted hazard ratios for suppressed TSH levels 
(<0.1 mIU/L) associated with the use metformin monotherapy, compared with second and third 
generation sulfonylureas monotherapy, in treated hypothyroid and euthyroid patients with type 2 
diabetes 

Supplemental Table 7. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) and 
suppressed TSH levels (<0.1 mIU/L) associated with the use metformin monotherapy, compared 
with sulfonylurea monotherapy in treated hypothyroid patients with stable doses of 
levothyroxine and two stable TSH results before cohort entry (n=865) 

Supplemental Table 8. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) 
associated with the use metformin monotherapy, compared with sulfonylurea monotherapy, in 
treated hypothyroid and euthyroid patients with type 2 diabetes, after censoring on potential 
competing events: pregnancies, cancers, and antibiotic use 

Supplemental Table 9. Crude and adjusted hazard ratios for suppressed TSH levels 
(<0.1 mIU/L) associated with the use metformin monotherapy, compared with sulfonylurea 
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monotherapy, in treated hypothyroid patients with type 2 diabetes (n=5689), after censoring on 
potential competing events: pregnancies, cancers, antibiotic use 

Supplemental Table 10. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) 
associated with the use metformin monotherapy, compared with sulfonylurea monotherapy, in 
treated hypothyroid and euthyroid patients with type 2 diabetes, after moving the cohort entry 
date to the 30 days after the first metformin and sulfonylurea prescription 

Supplemental Table 11. Crude and adjusted hazard ratios for suppressed TSH levels 
(<0.1 mIU/L) associated with the use metformin monotherapy, compared with sulfonylurea 
monotherapy, in treated hypothyroid patients with type 2 diabetes, after moving the cohort entry 
date to the 30 days after the first metformin and sulfonylurea prescription 

Supplemental Table 12. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) 
associated with the use metformin monotherapy, compared with sulfonylurea monotherapy, in 
treated hypothyroid and euthyroid patients with type 2 diabetes, after censoring patients with no 
repeat TSH level measurements during follow-up 

Supplemental Table 13. Crude and adjusted hazard ratios for suppressed TSH levels 
(<0.1 mIU/L) associated with the use metformin monotherapy, compared with sulfonylurea 
monotherapy, in treated hypothyroid patients with type 2 diabetes, after censoring patients with 
no repeat TSH level measurements during follow-up 



Supplemental Figure 1: Kaplan-Meier curves for low TSH levels (<0.4 mIU/L), stratified by the use of metformin and sulfonylurea 
monotherapy, with log-rank p-values 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 1 2 3 4 5 6 7 8 9 10

Metformin among euthyroid cohort

Sulfonylurea among euthyroid cohort

Metforming among treated hypothyroid cohort

Sulfonylurea among treated hypothyroid cohort

Follow-up time (years)

Pr
op

or
tio

n
of

 p
at

ie
nt

s f
re

e 
fr

om
 lo

w
TS

H 
le

ve
l

p=0.0042

p=0.0236



Supplemental Tables 1 and 2: High-dimensional propensity scores 

All models were adjusted for high-dimensional propensity score (HD-PS) deciles, which is a 

method that empirically selects covariates based on their prevalence and potential for 

confounding. Thus, for each patient, we used multivariate logistic regression to calculate a 

propensity score, which was the probability of being exposed to metformin monotherapy 

compared to sulfonylureas, conditional on 200 empirically identified and 11 predefined 

covariates measured at cohort entry. The empirical covariates were estimated from five data 

dimensions (drug prescriptions, procedures, diagnoses, disease history, and administrative 

information), while the 11 predefined covariates consisted of the following variables: age, sex, 

year of cohort entry, body mass index, smoking (never, past, current and unknown), excessive 

alcohol use, hemoglobin A1c, duration of diabetes and use of lithium, amiodarone, and 

glucocorticoids. Variables with missing data were coded with an ‘unknown’ category. Overall, 

there was good overlap in the propensity score distributions between the exposure groups, and 

the HD-PS model had excellent discrimination (c-statistic: 0.83).  



Supplemental Table 1. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) associated with the use metformin 
monotherapy, compared with sulfonylurea monotherapy, in treated hypothyroid and euthyroid patients with type 2 diabetes, adjusted 
for high dimensional propensity scores 

Exposure 
No. of 

patients 
No. of 
events 

Person-years 
of exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR

Adjusted HR 
(95% CI)a 

Treated hypothyroid patients (n=5653)

Sulfonylurea monotherapy 759 40 502 79.8 (57.0-108.7) 1.00 1.00 (reference) 

Metformin monotherapy 4894 452 3615 125.0 (113.8-137.1) 1.59 1.43 (1.03-2.09) 

Euthyroid patients (n=59, 791) 

Sulfonylurea monotherapy 7967 52 8560 6.1 (4.5-8.0) 1.00 1.00 (reference) 

Metformin monotherapy 51,824 268 62,919 4.3 (3.8-4.8) 0.71 0.92 (0.65-1.29) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for high dimensional propensity score deciles after trimming patients on either extreme of propensity score distribution in 
each exposure pairing to avoid bias from inclusion of people with propensity score from outside shared range of scores 



Supplemental Table 2. Crude and adjusted hazard ratios for suppressed TSH levels (<0.1 mIU/L) associated with the use metformin 
monotherapy, compared with sulfonylurea monotherapy, in treated hypothyroid patients and euthyroid patients with type 2 diabetes, 
adjusted for high dimensional propensity scores 

No. of 
patients 

No. of 
events 

Person-
years of 
exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR 

Adjusted HR 
(95% CI)a 

Treated hypothyroid patients (n=5653)

Sulfonylurea monotherapy 759 17 502 33.9 (19.8-54.3) 1.00 1.00 (reference) 

Metformin monotherapy 4894 130 3615 36.0 (30.0-42.7) 1.11 1.00 (0.56-1.78) 

Euthyroid patients (n=59,791)

Sulfonylurea monotherapy 7967 12 8560 1.4 (0.7-2.4) 1.00 1.00 (reference) 

Metformin monotherapy 51,824 75 62,919 1.2 (0.9-1.5) 0.85 0.86 (0.44-1.70) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for high dimensional propensity score deciles after trimming patients on either extreme of propensity score distribution in 
each exposure pairing to avoid bias from inclusion of people with propensity score from outside shared range of scores. 



Supplemental Table 3. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) associated with the use metformin 
monotherapy, compared with sulfonylurea monotherapy, in treated hypothyroid and euthyroid patients with type 2 diabetes, followed 
for a maximum of two years (intention-to-treat analysis) 

Exposure 
No. of 

patients 
No. of 
events 

Person-years 
of exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR

Adjusted HR 
(95% CI)a 

Treated hypothyroid patients (n=5689)

Sulfonylurea monotherapy 762 70 774 90.4 (70.5-114.3) 1.00 1.00 (reference) 

Metformin monotherapy 4927 630 5146 122.4 (113.1-132.4) 1.35 1.38 (1.06-1.80) 

Euthyroid patients (n=59,937) 

Sulfonylurea monotherapy 7980 73 13,268 5.5(4.3-6.9) 1.00 1.00 (reference) 

Metformin monotherapy 51,957 414 87,609 4.7 (4.3-5.2) 0.86  1.13 (0.86-1.49) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for age, sex, year of cohort entry, body mass index, smoking, excessive alcohol use, hemoglobin A1c, duration of diabetes 
and use of lithium, amiodarone and glucocorticoids. 



Supplemental Table 4. Crude and adjusted hazard ratios for suppressed TSH levels (<0.1 mIU/L) associated with the use metformin 
monotherapy, compared with sulfonylurea monotherapy, in treated hypothyroid and euthyroid patients with type 2 diabetes, followed 
for a maximum of two years (intention-to-treat analysis) 

No. of 
patients 

No. of 
events 

Person-
years of 
exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR 

Adjusted HR 
(95% CI)a 

Treated hypothyroid patients (n=5689)

Sulfonylurea monotherapy 762 29 774 37.5 (25.1-53.8) 1.00 1.00 (reference) 

Metformin monotherapy 4927 201 5146 39.1 (33.8-44.8) 1.04 0.93 (0.61-1.41) 

Euthyroid patients (n=59,937)

Sulfonylurea monotherapy 7980 19 13,268 1.4 (0.9-2.2) 1.00 1.00 (reference) 

Metformin monotherapy 51,957 92 87,609 1.1 (0.8-1.3) 0.73 0.90 (0.52-1.57) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for age, sex, year of cohort entry, body mass index, smoking, excessive alcohol use, hemoglobin A1c, duration of diabetes 
and use of lithium, amiodarone and glucocorticoids. 



Supplemental Table 5. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) associated with the use metformin 
monotherapy, compared with second and third generation sulfonylureas monotherapy, in treated hypothyroid and euthyroid patients 
with type 2 diabetes 

No. of 
patients 

No. of 
events 

Person-
years of 
exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR 

Adjusted HR 
(95% CI)a 

Treated hypothyroid patients (n=5670)

Second/third generation sulfonylureas 
monotherapyb 

743 39 492 79.3 (56.4-108.4) 1.00 1.00 (reference) 

Metformin monotherapy 4927 455 3633 125.2 (114.0-137.3) 1.60 1.56 (1.09-2.21) 

Euthyroid patients (n=59,791)

Second/third generation sulfonylureas 
monotherapyb 

7834 52 8372 6.2 (4.6-8.1) 1.00 1.00 (reference) 

Metformin monotherapy 51,957 270 63,047 4.3 (3.8-4.8) 0.69 0.95 (0.68-1.32) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for age, sex, year of cohort entry, body mass index, smoking, excessive alcohol use, hemoglobin A1c, duration of diabetes 
and use of lithium, amiodarone and glucocorticoids. 
b Glibenclamide, glibornuride, gliclazide, glimepiride, glipizide, gliquidone and glymidine sodium. 



Supplemental Table 6. Crude and adjusted hazard ratios for suppressed TSH levels (<0.1 mIU/L) associated with the use metformin 
monotherapy, compared with second and third generation sulfonylureas monotherapy, in treated hypothyroid and euthyroid patients 
with type 2 diabetes 

No. of 
patients 

No. of 
events 

Person-
years of 
exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR 

Adjusted HR 
(95% CI)a 

Treated hypothyroid patients (n=5670)

Second/third generation sulfonylureas 
monotherapyb 

743 18 492 36.6 (21.7-57.8) 1.00 1.00 (reference) 

Metformin monotherapy 4927 130 3633 35.8 (29.9-42.5) 1.03 0.98 (0.57-1.69) 

Euthyroid patients (n=59,791)

Second/third generation sulfonylureas 
monotherapyb 

7834 11 8372 1.3 (0.7-2.4) 1.00 1.00 (reference) 

Metformin monotherapy 51,957 75 63,047 1.2 (0.9-1.5) 0.90 1.07 (0.53-2.17) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for age, sex, year of cohort entry, body mass index, smoking, excessive alcohol use, hemoglobin A1c, duration of diabetes 
and use of lithium, amiodarone and glucocorticoids. 
b Glibenclamide, glibornuride, gliclazide, glimepiride, glipizide, gliquidone and glymidine sodium.  



Supplemental Table 7. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) and suppressed TSH levels (<0.1 mIU/L) 
associated with the use metformin monotherapy, compared with sulfonylurea monotherapy in treated hypothyroid patients with stable 
doses of levothyroxine and two stable TSH results before cohort entry (n=865) 

No. of 
patients 

No. of 
events 

Person-
years of 
exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR 

Adjusted HR 
(95% CI)a 

Low TSH levels (<0.4 mIU/L) 

Sulfonylurea monotherapy 102 <5b 69 -b 1.00 1.00 (reference)

Metformin monotherapy 763 76 608 125.0 (98.5-156.5) 2.20 2.95 (0.97-8.99) 

Suppressed TSH levels (<0.1 mIU/L)

Sulfonylurea monotherapy 102 <5b 69 -b 1.00 1.00 (reference)

Metformin monotherapy 763 30 608 46.4 (31.3-66.3) 1.08 0.35 (0.07-1.73) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for age, sex, year of cohort entry, body mass index, smoking, excessive alcohol use, hemoglobin A1c, duration of diabetes 
and use of lithium, amiodarone and glucocorticoids. 
b Cells with less than 5 patients are not displayed, as per Clinical Practice Research Datalink confidentiality policies. 



Supplemental Table 8. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) associated with the use metformin 
monotherapy, compared with sulfonylurea monotherapy, in treated hypothyroid and euthyroid patients with type 2 diabetes, after 
censoring on potential competing events: pregnancies, cancers, and antibiotic use 

Exposure 
No. of 

patients 
No. of 
events 

Person-years 
of exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR

Adjusted HR 
(95% CI)a 

Treated hypothyroid patients (n=5689) 

Sulfonylurea monotherapy 762 22 306 71.9 (45.1-108.9) 1.00 1.00 (reference) 

Metformin monotherapy 4927 276 2200 125.5 (111.1-141.2) 1.73 1.88 (1.19-2.97) 

Euthyroid patients (n=59,937) 

Sulfonylurea monotherapy 7980 25 5008 5.0 (3.2-7.4) 1.00 1.00 (reference) 

Metformin monotherapy 51,957 150 37,016 4.1 (3.4-4.8) 0.81 1.21 (0.76-1.94) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for age, sex, year of cohort entry, body mass index, smoking, excessive alcohol use, hemoglobin A1c, duration of diabetes 
and use of lithium, amiodarone and glucocorticoids. 



Supplemental Table 9. Crude and adjusted hazard ratios for suppressed TSH levels (<0.1 mIU/L) associated with the use metformin 
monotherapy, compared with sulfonylurea monotherapy, in treated hypothyroid patients with type 2 diabetes (n=5689), after censoring 
on potential competing events: pregnancies, cancers, antibiotic use 

No. of 
patients 

No. of 
events 

Person-
years of 
exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR 

Adjusted HR 
(95% CI)a 

Treated hypothyroid patients (n=5689)

Sulfonylurea monotherapy 762 11 306 35.9 (17.9-64.3) 1.00 1.00 (reference) 

Metformin monotherapy 4927 89 2200 40.5 (32.5-49.8) 1.13 1.03 (0.52-2.05) 

Euthyroid patients (n=59,937)

Sulfonylurea monotherapy 7980 8 5008 1.6 (0.7-3.1) 1.00 1.00 (reference) 

Metformin monotherapy 51,957 38 37,016 1.0 (0.7-1.4) 0.64 0.88 (0.37-2.06) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for age, sex, year of cohort entry, body mass index, smoking, excessive alcohol use, hemoglobin A1c, duration of diabetes 
and use of lithium, amiodarone and glucocorticoids. 



Supplemental Table 10. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) associated with the use metformin 
monotherapy, compared with sulfonylurea monotherapy, in treated hypothyroid and euthyroid patients with type 2 diabetes, after 
moving the cohort entry date to the 30 days after the first metformin and sulfonylurea prescription 

Exposure 
No. of 

patients 
No. of 
events 

Person-years 
of exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR

Adjusted HR 
(95% CI)a 

Treated hypothyroid patients (n=5689)

Sulfonylurea monotherapy 630 37 499 74.1 (52.2-102.2) 1.00 1.00 (reference) 

Metformin monotherapy 4346 428 3607 118.7 (107.7-130.5) 1.62 1.60 (1.11-2.29) 

Euthyroid patients (n=59,937) 

Sulfonylurea monotherapy 7211 48 8546 5.6 (4.1-7.4) 1.00 1.00 (reference) 

Metformin monotherapy 49,819 252 62,951 4.0 (3.5-4.5) 0.71 0.98 (0.69-1.39) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for age, sex, year of cohort entry, body mass index, smoking, excessive alcohol use, hemoglobin A1c, duration of diabetes 
and use of lithium, amiodarone and glucocorticoids. 



Supplemental Table 11. Crude and adjusted hazard ratios for suppressed TSH levels (<0.1 mIU/L) associated with the use metformin 
monotherapy, compared with sulfonylurea monotherapy, in treated hypothyroid patients with type 2 diabetes, after moving the cohort 
entry date to the 30 days after the first metformin and sulfonylurea prescription 

No. of 
patients 

No. of 
events 

Person-
years of 
exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR 

Adjusted HR 
(95% CI)a 

Treated hypothyroid patients (n=5689)

Sulfonylurea monotherapy 630 13 499 26.1 (13.9-44.5) 1.00 1.00 (reference) 

Metformin monotherapy 4346 125 3607 34.7 (28.8-41.3) 1.40 1.38 (0.74-2.57) 

Euthyroid patients (n=59,937)

Sulfonylurea monotherapy 7211 11 8546 1.3 (0.6-2.3) 1.00 1.00 (reference) 

Metformin monotherapy 49,819 71 62,951 1.1 (0.9-1.4) 0.87 1.07 (0.52-2.17) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for age, sex, year of cohort entry, body mass index, smoking, excessive alcohol use, hemoglobin A1c, duration of diabetes 
and use of lithium, amiodarone and glucocorticoids. 



Supplemental Table 12. Crude and adjusted hazard ratios for low TSH levels (<0.4 mIU/L) associated with the use metformin 
monotherapy, compared with sulfonylurea monotherapy, in treated hypothyroid and euthyroid patients with type 2 diabetes, after 
censoring patients with no repeat TSH level measurements during follow-up 

Exposure 
No. of 

patients 
No. of 
events 

Person-years 
of exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR

Adjusted HR 
(95% CI)a 

Treated hypothyroid patients (n=5689)

Sulfonylurea monotherapy 762 34 431 78.9 (54.6-110.2) 1.00 1.00 (reference) 

Metformin monotherapy 4927 397 3041 130.5 (118.0-144.0) 1.67 1.63 (1.12-2.38) 

Euthyroid patients (n=59,937) 

Sulfonylurea monotherapy 7980 37 5660 6.5 (4.6-9.0) 1.00 1.00 (reference) 

Metformin monotherapy 51,957 185 41,996 4.3 (3.8-4.8) 0.68  0.86 (0.58-1.28) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for age, sex, year of cohort entry, body mass index, smoking, excessive alcohol use, hemoglobin A1c, duration of diabetes 
and use of lithium, amiodarone and glucocorticoids. 



Supplemental Table 13. Crude and adjusted hazard ratios for suppressed TSH levels (<0.1 mIU/L) associated with the use metformin 
monotherapy, compared with sulfonylurea monotherapy, in treated hypothyroid patients with type 2 diabetes, after censoring patients 
with no repeat TSH level measurements during follow-up 

No. of 
patients 

No. of 
events 

Person-
years of 
exposure 

Incidence rate 
(per 1000/year) 

(95% CI) 
Crude HR 

Adjusted HR 
(95% CI)a 

Treated hypothyroid patients (n=5689)

Sulfonylurea monotherapy 762 17 431 39.4 (23.0-63.2) 1.00 1.00 (reference) 

Metformin monotherapy 4927 95 3041 31.2 (25.3-38.2) 0.81 0.76 (0.43-1.36) 

Euthyroid patients (n=59,937)

Sulfonylurea monotherapy 7980 8 5660 1.4 (0.6-2.8) 1.00 1.00 (reference) 

Metformin monotherapy 51,957 47 41,996 1.1 (0.8-1.5) 0.78  0.89 (0.39-2.04) 

Abbreviations: CI, confidence interval; HR, hazard ratio. 
a Adjusted for age, sex, year of cohort entry, body mass index, smoking, excessive alcohol use, haemoglobin A1c, duration of diabetes 
and use of lithium, amiodarone and glucocorticoids. 




