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1 | INTRODUCTION

During the early phases of the COVID-19 pandemic, diabetes became

associated with a poorer prognosis,1 with an approximately three-fold

increased risk of a COVID-19 death in those with diabetes compared

with those without.2,3 In an effort to understand this association,

there was an increasing interest in the role of glucose-lowering medi-

cations on the risk of COVID-19 outcomes, given their pharmacologi-

cal differences and potential direct effect on shared immunometabolic

pathways4: the available evidence would suggest small absolute

increased rates of COVID-19 mortality with some dipeptidyl pepti-

dase 4 inhibitors (DPP-4i, insulin) and reduced with other medications

[metformin (MF), sodium-glucose cotransporter-2 inhibitors (SGLT-2i),

sulphonylurea].5

Alongside the role of diabetes, multiple large observational stud-

ies also showed higher risks of COVID-19-related hospitalization,

intensive care unit admission and death in people from ethnic minor-

ity populations.6,7

As type 2 diabetes is more prevalent in ethnic minority

populations—particularly South Asians—determining the risk of COVID-

19 outcomes in relation to different glucose-lowering therapies has impli-

cations for both patients and health care professionals.8 We therefore

designed a cohort study within the QResearch UK nationwide database

to quantify the associations between prescriptions of glucose-lowering

medications and (a) COVID-19 mortality, and (b) COVID-19 hospitaliza-

tion in different ethnic subgroups during the first wave of the pandemic.* Kamlesh Khunti and Julia Hippisley-Cox contributed equally to this study.
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2 | METHODS

Details about population definition, exposure, outcomes and statistical

analysis are reported in the Appendix S1.

3 | RESULTS

Of the 624 771 people with type 2 diabetes, 56.1% were men and

the mean ± SD age and diabetes duration at index date were 67.0

± 13.4 and 9.7 ± 7.4 years, respectively; the mean body mass index

was 30.5 ± 6.0 kg/m2 (Table 1). More than half of the included people

were of white ethnicity (63.2%), followed by unknown ethnicity

(13.2%), South Asian (11.7%), black (5.6%), Asian (3.3%) and other

(3.1%). Diabetes duration was roughly similar across ethnic groups

(mean varied between 8.8 and 9.8 years). The mean body mass index

was slightly lower in South Asian (28.3 kg/m2) and Asian (27.6 kg/m2)

compared with other ethnicities (between 30.0 and 31.1 kg/m2).

Although the proportions varied, the three most common comorbid-

ities across the ethnic groups were consistently hypertension, coro-

nary heart disease and asthma.

In the 3 month preceding the index date, 64.6% were prescribed

MF, 19.3% sulphonylureas, 18.1% DPP-4i, 13.6% insulin, 9.9%

SGLT-2i and ≤4% any of the other glucose-lowering medications

[alpha-glucosidase inhibitors, thiazolidinediones (TZD), glucagon-like

peptide-1 agonists (GLP-1RA), meglitinides]; approximately 24.6% had

no prescriptions of glucose-lowering medications (Table 1). This pat-

tern was generally consistent across ethnic groups.

TABLE 1 Baseline characteristics and COVID-19 outcomes during follow-up by ethnicity

Asian Black South Asian White Other
Not
recorded

All people

No. of people (%) 20 451 (3.3) 34 938 (5.6) 73 068 (11.7) 394 663 (63.2) 19 067 (3.1) 82 584 (13.2) 624 771 (100)

Age (years) 61.3 (12.9) 63.6 (13.5) 60.7 (13.6) 68.8 (12.9) 61.6 (13.1) 68.0 (13.4) 67.0 (13.4)

Diabetes duration

(years)

9.1 (7.3) 9.7 (7.7) 9.8 (7.7) 9.8 (7.2) 8.8 (7.3) 9.6 (7.6) 9.7 (7.4)

Sex (men) 11 563 (56.5) 17 286 (49.5) 40 109 (54.9) 224 327 (56.8) 9999 (52.4) 47 175 (57.1) 350 459 (56.1)

HbA1c (mmol/mol) 56.8 (15.7) 59.0 (19.5) 58.1 (16.6) 55.9 (16.0) 58.6 (18.7) 56.4 (16.2) 56.5 (16.5)

Body mass index (kg/m2) 27.6 (4.8) 30.4 (5.8) 28.3 (5.1) 31.1 (6.1) 30.0 (5.8) 30.6 (6.0) 30.5 (6.0)

Non-cancer disease

Chronic obstructive

pulmonary disease

434 (2.1) 701 (2.0) 1978 (2.7) 35 132 (8.9) 505 (2.6) 4917 (6.0) 43 667 (7.0)

Bronchiectasis 179 (0.9) 215 (0.6) 676 (0.9) 5225 (1.3) 133 (0.7) 883 (1.1) 7311 (1.2)

Asthma 2782 (13.6) 4158 (11.9) 11 496 (15.7) 65 016 (16.5) 2581 (13.5) 11 036 (13.4) 97 069 (15.5)

Hypersensitivity

pneumonitis

– – 46 (0.1) 381 (0.1) – 73 (0.1) 524 (0.1)

Pulmonary hypertension 50 (0.2) 115 (0.3) 125 (0.2) 1466 (0.4) 71 (0.4) 218 (0.3) 2045 (0.3)

Pulmonary fibrosis 45 (0.2) 58 (0.2) 215 (0.3) 1452 (0.4) 35 (0.2) 230 (0.3) 2035 (0.3)

Hypertension 10 781 (52.7) 23 011 (65.9) 38 615 (52.8) 250 075 (63.4) 10 731 (56.3) 48 244 (58.4) 381 457 (61.1)

Coronary heart disease 2437 (11.9) 2471 (7.1) 11 945 (16.3) 70 030 (17.7) 1970 (10.3) 13 293 (16.1) 102 146 (16.3)

Stroke 830 (4.1) 2244 (6.4) 3839 (5.3) 35 009 (8.9) 989 (5.2) 6959 (8.4) 49 870 (8.0)

Atrial fibrillation or

flutter

493 (2.4) 961 (2.8) 1660 (2.3) 41 080 (10.4) 611 (3.2) 7598 (9.2) 52 403 (8.4)

Congestive cardiac

failure

512 (2.5) 1342 (3.8) 2712 (3.7) 25 333 (6.4) 662 (3.5) 4557 (5.5) 35 118 (5.6)

Venous

thromboembolism

245 (1.2) 1285 (3.7) 1252 (1.7) 19 687 (5.0) 523 (2.7) 3781 (4.6) 26 773 (4.3)

Peripheral vascular

disease

221 (1.1) 701 (2.0) 1179 (1.6) 18 077 (4.6) 321 (1.7) 3063 (3.7) 23 562 (3.8)

Dementia 374 (1.8) 1408 (4.0) 1719 (2.4) 15 666 (4.0) 511 (2.7) 3119 (3.8) 22 797 (3.6)

Parkinson disease 107 (0.5) 143 (0.4) 347 (0.5) 3001 (0.8) 72 (0.4) 611 (0.7) 4281 (0.7)

Epilepsy 141 (0.7) 351 (1.0) 671 (0.9) 7191 (1.8) 259 (1.4) 1310 (1.6) 9923 (1.6)

Cerebral palsy – – 27 (0.0) 298 (0.1) – 48 (0.1) 406 (0.1)

Motor neurone disease – – 22 (0.0) 146 (0.0) – 23 (0.0) 202 (0.0)

Huntington disease – – – 48 (0.0) – – 67 (0.0)
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TABLE 1 (Continued)

Asian Black South Asian White Other
Not

recorded
All people

Multiple sclerosis 9 (0.0) 42 (0.1) 35 (0.0) 1328 (0.3) 32 (0.2) 260 (0.3) 1706 (0.3)

Down syndrome – – – 126 (0.0) – – 184 (0.0)

Fracturea 389 (1.9) 508 (1.5) 1702 (2.3) 25 886 (6.6) 364 (1.9) 4528 (5.5) 33 377 (5.3)

Cirrhosis 113 (0.6) 151 (0.4) 426 (0.6) 4173 (1.1) 113 (0.6) 753 (0.9) 5729 (0.9)

Cancer

Myeloma 22 (0.1) 98 (0.3) 71 (0.1) 488 (0.1) 36 (0.2) 120 (0.1) 835 (0.1)

Leukaemia 31 (0.2) 63 (0.2) 133 (0.2) 1565 (0.4) 32 (0.2) 324 (0.4) 2148 (0.3)

Blood 130 (0.6) 296 (0.8) 499 (0.7) 4871 (1.2) 159 (0.8) 982 (1.2) 6937 (1.1)

Lung 25 (0.1) 39 (0.1) 101 (0.1) 1867 (0.5) 48 (0.3) 286 (0.3) 2366 (0.4)

Ovarian 22 (0.1) 38 (0.1) 66 (0.1) 664 (0.2) 18 (0.1) 118 (0.1) 926 (0.1)

Colorectal 100 (0.5) 248 (0.7) 291 (0.4) 5987 (1.5) 113 (0.6) 1103 (1.3) 7842 (1.3)

Renal 81 (0.4) 119 (0.3) 232 (0.3) 5024 (1.3) 86 (0.5) 927 (1.1) 6469 (1.0)

Liver 13 (0.1) 10 (0.0) 38 (0.1) 347 (0.1) 6 (0.0) 52 (0.1) 466 (0.1)

Oral 22 (0.1) 25 (0.1) 98 (0.1) 686 (0.2) 21 (0.1) 111 (0.1) 963 (0.2)

Pancreatic 11 (0.1) 24 (0.1) 18 (0.0) 460 (0.1) 12 (0.1) 91 (0.1) 616 (0.1)

Thyroid 22 (0.1) 20 (0.1) 73 (0.1) 350 (0.1) 32 (0.2) 61 (0.1) 558 (0.1)

Gastro-oesophageal 20 (0.1) 53 (0.2) 61 (0.1) 822 (0.2) 13 (0.1) 173 (0.2) 1142 (0.2)

Breast 291 (1.4) 501 (1.4) 873 (1.2) 9726 (2.5) 270 (1.4) 1884 (2.3) 13 545 (2.2)

Cervical 14 (0.1) 31 (0.1) 23 (0.0) 552 (0.1) 9 (0.0) 98 (0.1) 727 (0.1)

Uterine 48 (0.2) 77 (0.2) 153 (0.2) 2016 (0.5) 50 (0.3) 415 (0.5) 2759 (0.4)

Prostate 162 (0.8) 1152 (3.3) 435 (0.6) 9163 (2.3) 337 (1.8) 1788 (2.2) 13 037 (2.1)

Glucose-lowering

medications

Alpha-glucosidase

inhibitors

28 (0.1) 34 (0.1) 72 (0.1) 197 (0.0) 18 (0.1) 29 (0.0) 378 (0.1)

Dipeptidyl peptidase 4

inhibitors

4214 (20.6) 6721 (19.2) 16 733 (22.9) 68 471 (17.3) 3451 (18.1) 13 549 (16.4) 113 139 (18.1)

Thiazolidinediones 380 (1.9) 556 (1.6) 1878 (2.6) 8140 (2.1) 330 (1.7) 1814 (2.2) 13 098 (2.1)

Glucagon-like peptide-1

agonists

358 (1.8) 907 (2.6) 1621 (2.2) 18 429 (4.7) 644 (3.4) 3131 (3.8) 25 090 (4.0)

Meglitinides 102 (0.5) 131 (0.4) 317 (0.4) 586 (0.1) 59 (0.3) 95 (0.1) 1290 (0.2)

Sodium-glucose

cotransporter-2

inhibitors

1989 (9.7) 2416 (6.9) 8008 (11.0) 39 778 (10.1) 1828 (9.6) 7928 (9.6) 61 947 (9.9)

Sulphonylureas 4773 (23.3) 7857 (22.5) 17 993 (24.6) 71 852 (18.2) 4186 (22.0) 13 931 (16.9) 120 592 (19.3)

Metformin 15 159 (74.1) 23 674 (67.8) 55 350 (75.8) 246 636 (62.5) 13 117 (68.8) 49 413 (59.8) 403 349 (64.6)

Insulin 1743 (8.5) 4690 (13.4) 7725 (10.6) 57 438 (14.6) 2231 (11.7) 10 935 (13.2) 84 762 (13.6)

Any glucose-lowering

medication

16 289 (79.6) 26 594 (76.1) 60 100 (82.3) 294 585 (74.6) 14 510 (76.1) 58 883 (71.3) 470 961 (75.4)

No. of glucose-lowering

medications

1.4 (1.1) 1.3 (1.1) 1.5 (1.1) 1.3 (1.1) 1.4 (1.1) 1.2 (1.1) 1.3 (1.1)

Outcomes

COVID-19 related death 75 (0.4) 316 (0.9) 320 (0.4) 2300 (0.6) 86 (0.5) 430 (0.5) 3527 (0.6)

COVID-19-related

admission

200 (1.0) 630 (1.8) 743 (1.0) 3854 (1.0) 258 (1.4) 726 (0.9) 6411 (1.0)

Note: Shown are frequencies (%) for categorical variables and mean (SD) for continuous; rates are reported with 95% confidence intervals. If in a row there

were cells with frequency ≤5, all row-wise cells ≤20 were suppressed.
aHip, wrist, spine, humerus.

Abbreviations: HbA1c, glycated haemoglobin.
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F IGURE 1 Adjusted hazard ratios for COVID-19 death and hospitalization across ethnic groups. Adjusted hazard ratios comparing people
with versus without the specific glucose-lowering medication and p-values for heterogeneity (interaction) across the ethnic groups. Because of
imprecision in the estimates (few events), hazard ratios are not shown for mortality in Asian ethnic group for glucagon-like peptide-1 agonists
(GLP-1RA) and thiazolidinediones (TZD), and all ethnic groups for meglitinides and alpha-glucosidase inhibitors; and for hospitalization in other
ethnic group for TZD, and all ethnic groups for alpha-glucosidase inhibitors. AS, Asian; BA, black; DPP-4i, dipeptidyl peptidase 4 inhibitors; GLDs,
any glucose-lowering medication; GLI, meglitinides; INS, insulin; MF, metformin; NA, not reported; OT, other; SGLT-2i, sodium-glucose
cotransporter-2 inhibitors; SA, South Asian; SU, sulphonylureas; WH, white
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During the study period, there were 3527 COVID-19-related

deaths (0.6%, 7.5 per 1000 person-years) and 6411 COVID-19 related

hospitalizations (1.0%, 13.6 per 1000 person-years) (Table 1). COVID-

19 death and hospitalization rates showed a progressive increase with

a peak at about 2-3 months after the index date (March/April 2020)

and a decline thereafter (Figure S1).

Following adjustment for possible confounders, there was no evi-

dence of different associations with COVID-19 mortality rates

between ethnic groups for most glucose-lowering medications

(Figure 1). Rates were, however, generally higher in people with ver-

sus without insulin [hazard ratios (HRs) from 1.20 (95% confidence

interval: 0.90-1.60) in to 1.97 (1.50-2.59)], with no evidence of het-

erogeneity across ethnic groups (p = .183). Conversely, rates were

consistently lower in people with versus without MF [HRs from 0.47

(0.28-0.77) to 0.70 (0.62-0.79)], with no evidence of heterogeneity

(p = 0.394). Mortality rates were also lower in people of white ethnic-

ity with versus without SGLT-2i [HR 0.56 (0.42-0.75); p = 0.621 for

heterogeneity across ethnic groups] and higher in people of white

[1.30 (1.14-1.48)] or South Asian [1.50 (1.15-1.97)] ethnicity with ver-

sus without DPP-4i (p = 0.361 for heterogeneity; Figure 1). Evidence

of statistically significant heterogeneity (p = 0.011) was observed only

comparing any versus no glucose-lowering therapy, with the highest

HR for COVID-19 mortality in South Asians [HR 2.22 (1.36-3.63)]

compared with all other ethnic groups.

Results for COVID-19 hospitalization mirrored those for mortality

(Figure 1). Rates were generally higher in people with versus without

insulin [HRs from 1.20 (95% confidence interval: 0.84-1.72) to 1.73

(1.18-2.53)], with no evidence of heterogeneity across ethnic groups

(p = .109); and consistently lower in people with versus without MF

[from 0.53 (0.39-0.72) to 0.76 (0.63-0.91)], with no evidence of het-

erogeneity (p = .218). Hospitalization rates were also lower in people

of white ethnicity with versus without SGLT-2i [HR 0.64 (0.54-0.77);

p = .088 for heterogeneity across ethnic groups] and higher in people

of white [1.23 (1.12-1.36)], South Asian [1.20 (0.99-1.45)], and black

[1.34 (1.10, 1.64)] ethnicity with versus without DPP-4i (p = .810 for

heterogeneity; Figure 1). While the results suggested a higher excess

in hospitalization rates associated with TZD prescription in South

Asians compared with all other ethnic groups (p = 0.037 for heteroge-

neity), the excess in rates was more marked for any versus no

glucose-lowering therapy prescriptions in South Asians [1.73

(1.23-2.43)] compared with other ethnic groups (p < 0.001 for

heterogeneity).

4 | CONCLUSIONS

Although poor glycaemic control has been linked to a higher risk of

death in people with COVID-19 and studies have reported several

potential mechanisms through which DPP-4i, SGLT-2i, GLP-1RA or

MF may increase or lower the risk of COVID-19 complications,4,9,10

current evidence does not suggest a large excess in the absolute risk

of COVID-19 mortality in relation to specific glucose-lowering

medications.5 Moreover, two randomized controlled trials in hospital-

ized patients with type 2 diabetes and COVID-19 indicate no differ-

ence in clinical improvement comparing the DPP-4i linagliptin to

standard care,11 and in organ dysfunction or death comparing the

SGLT-2i dapagliflozin with placebo.12

Whether associations between glucose-lowering drugs and

COVID-19 outcomes differed across ethnic groups, however, was

unknown. Our results indicate a higher relative risk of COVID-19 mor-

tality and hospitalization associated with the prescription of insulin—

possible related to an increased inflammatory milieu in patients with

type 2 diabetes and COVID-19 on insulin—and a lower risk of these

outcomes in people prescribed MF, with no statistical difference in

the magnitude of the associations across ethnic groups.4 Moreover,

for both outcomes SGLT-2i prescription was associated with a lower

risk in white people and DPP-4i with a higher risk in white people and

South Asians. Our findings can in part be compared with a previous

UK study using different data, as investigators assumed associations

with glucose-lowering medications of the same magnitude across eth-

nicity. Notwithstanding, in people with type 2 diabetes a higher risk of

COVID-19-related mortality was observed with a prescription of insu-

lin and a lower risk with MF and SGLT-2i,5 in line with our findings.

To our knowledge, this is the first study exploring ethnicity-

specific associations between glucose-lowering medications and

COVID-19 outcomes. The main strength is the large population-based

sample with adjustment for several potential confounders, including

comorbidities, duration of diabetes and glycaemic control (glycated

haemoglobin). However, as with all observational studies, causality

cannot be inferred: residual confounding for unmeasured confounders

remains possible; we could not account for potential differences in

kidney function, although it is unlikely that adding information on the

estimated glomerular filtration rate would materially change the mag-

nitude/direction of associations given the several confounders

accounted for and the possible association of some of them with renal

function (i.e. diabetes duration). Furthermore, treatment indication

could have biased our results, particularly in view of the presence of

heterogeneity across ethnic groups when comparing any versus no

prescription. Our data related to the first pandemic wave in the UK;

since then, the majority of the UK population has received a vaccine

and different coronavirus variants emerged, with effects on the risk of

infection transmission and its progression to disease, severe disease

and death.13 We considered as exposure a prescription issued within

3 months before the index date; however, a prescription does not

necessarily denote dispensation while adherence to therapy may vary

among different ethnic groups.14 Lastly, the definition of the out-

comes was based on the clinical codes as reported on the death certif-

icates and hospital records; it may be possible that the presence of

other concomitant clinical conditions have affected the decision to

admit a patient or have contributed to death (“dying with vs. due to

COVID-19”).
Personalized decisions among the optimal strategy to reduce glu-

cose levels should also account for the possible side effects of the

glucose-lowering medications, as some could increase the risk of
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hypoglycaemia (i.e. sulphonylureas and insulin) while others are neu-

tral in this respect (DPP-4i, GLP-1RA, MF, TZD and SGLT-2i). Class-

specific effects have been reported in previous randomized controlled

trials for GLP-1RA (gastrointestinal),15-17 TZD (cardiovascular),18 and

SGLT-2i (genitourinary, metabolic)17,19; however, if, and to what

extent, these effects contribute to the heterogeneous risk of COVID-

19-related hospitalization and mortality across the diverse glucose-

lowering medications has been little investigated.

In conclusion, our study confirms previous evidence about the

potential for small absolute risk differences in COVID-19 hospitaliza-

tion and death across glucose-lowering medications. However, for

each medication, no clear differences were observed among ethnic

groups, with the greater excess risk of mortality and hospitalization in

South Asians with a prescription of any glucose-lowering therapy pos-

sibly related to residual confounding. Further studies could help esti-

mate the absolute risks in relation to the varying rates of SARS-CoV-2

infection and COVID-19 outcomes.
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