


doses of ICS (�!250 mg) had greater odds of increased HbA1c and/or receiving additional

antidiabetic medication, and increased odds of being above the Quality and Outcomes

Framework (QOF) target for HbA1c levels, compared with those prescribed lower cumula-

tive doses (�125 mg).

Conclusion

For patients with COPD and comorbid T2DM, ICS therapy may have a negative impact on

diabetes control. Patients prescribed higher cumulative doses of ICS may be at greater risk

of diabetes progression.
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Table 1. Study endpoints and matching criteria.

Study endpoints

• Primary endpoint

� Change in HbA1c from baseline to outcome period

• Secondary endpoints

� Increase in HbA1c� and/or the addition of antidiabetic medication from baseline to outcome period

� Number of patients off the QOF target for HbA1c (HbA1c �!7.5%)

� Change in diabetes-related GP visits, hospitalisations, and glucose strip prescriptions†

� Progression of ongoing diabetes treatment to insulin by time or dose

Matching criteria Categories

Sex Male / female

Age (�“5 years at index date‡) NA

Smoking status at index date Non-smoker / current smoker / ex-smoker

BMI at index date Underweight / normal weight / overweight / obese

mMRC score[4] at index date Missing / 0–1 / �2

Exacerbations§ during baseline 0–1 / �2

FEV1, % predicted at index date Missing / ��50% / �50%

HbA1c
¶ �“1 DCCT (%) during baseline NA

Antidiabetic medication during baseline None / non-insulin / insulin

�Increase in HbA1c was defined as a change of �0.5% from baseline to outcome period. Antidiabetic

medication during baseline was categorised as 1, 2 or �3 of non-insulin or insulin, and any progression from

baseline to outcome within these categories was recorded as addition of an antidiabetic drug.
†GP visits: change in annual rate from baseline to outcome period; hospitalisations: increase from baseline

to outcome period; glucose strip prescriptions: increase (�!0.5 per year) from baseline to outcome period.
‡The index date was defined as the date of first ICS prescription or first/additional non-ICS prescription.
§Defined as the number of acute oral corticosteroid courses and antibiotic prescriptions for a lower

respiratory tract infection.
¶Most recent value within 18 months prior to the index date.

BMI = body mass index; DCCT = Diabetes Control and Complications Trial units; FEV1 = forced expiratory

volume in 1 second; GP = general practice; HbA1c = glycated haemoglobin; mMRC = modified Medical

Research Council; NA = not applicable; QOF = Quality and Outcomes Framework.

doi:10.1371/journal.pone.0162903.t001
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Statistical analysis
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Table 2. Key baseline demograp hic and clinical character istics for unmatched and matched datasets compa ring patients with COPD and type 2
diabetes on either ICS or non-ICS therapy. Additional baseline data can be found in S1 Table (S1 File).

Key patient character istics Unmat ched Matched

ICS (n = 1360) non-ICS (n = 2642)� ICS (n = 682) non-ICS (n = 682)�

Age (years) Mean (SD) 70.5 (9.3) 70.8 (9.1) 70.4 (7.8) 70.5 (7.7)

Age (categorised), n (%) 40–60 187 (13.8) 344 (13) 73 (10.7) 64 (9.4)

61–80 980 (72.1) 1,914 (72.4) 549 (80.5) 553 (81.1)

�!80 193 (14.2) 384 (14.5) 60 (8.8) 65 (9.5)

Sex, n (%) Male 911 (67) 1821 (68.9) 499 (73.2) 499 (73.2)

BMI, n (%) Underweight 10 (0.7) 18 (0.7) 0 (0) 0 (0)

Normal weight 215 (15.9) 394 (15) 67 (9.8) 67 (9.8)

Overweight 428 (31.7) 813 (30.9) 222 (32.6) 222 (32.6)

Obese 698 (51.7) 1409 (53.5) 393 (57.6) 393 (57.6)

Smoking status, n (%)‡ Non-smoker 141 (10.4) 265 (10.1) 31 (4.5) 31 (4.5)

Current smoker 414 (30.6) 882 (33.7) 194 (28.4) 194 (28.4)

Ex-smoker 800 (59.0) 1473 (56.2) 457 (67.0) 457 (67.0)

FEV1% predicted, n (%)‡ Missing 179 (13.2) 315 (11.9) 38 (5.6) 38 (5.6)

��30 (very severe) 48 (3.5) 37 (1.4) 22 (3.2) 11 (1.6)

30 –��50 (severe) 327 (24.0) 454 (17.2) 115 (16.9) 126 (18.5)

50 –��80 (moderate) 645 (47.4) 1,514 (57.3) 416 (61.0) 426 (62.5)

�80 (mild) 161 (13.6) 322 (13.8) 91 (13.3) 81 (11.9)

mMRC score,[4] n (%) Missing 55 (4) 112 (4.2) 4 (0.6) 4 (0.6)

0–1 669 (49.2) 1429 (54.1) 383 (56.2) 383 (56.2)

�2 636 (46.8) 1101 (41.7) 295 (43.3) 295 (43.3)

Acute OCS courses, n (%) 0 1005 (73.9) 2232 (84.5) 545 (79.9) 585 (85.8)

1 253 (18.6) 319 (12.1) 107 (15.7) 77 (11.3)

�2 102 (7.5) 91 (3.4) 30 (4.4) 20 (2.9)

Moderate/severe exacerbations§, n (%) 0 590 (43.4) 1402 (53.1) 346 (50.7) 387 (56.7)

1 400 (29.4) 748 (28.3) 229 (33.6) 188 (27.6)

�2 370 (27.2) 492 (18.6) 107 (15.7) 107 (15.7)

HbA1c (%, DCCT), n (%) �6.5% 458 (33.7) 809 (30.6) 214 (31.4) 197 (28.9)

6.5 – �7.5% 531 (39.0) 1029 (38.9) 311 (45.6) 309 (45.3)

�!7.5% 371 (27.3) 804 (30.4) 157 (23.0) 176 (25.8)

Antidiabetic medication, n (%) None 391 (28.7) 698 (26.4) 175 (25.7) 175 (25.7)

Non-insulin 771 (56.7) 1492 (56.5) 424 (62.2) 424 (62.2)

Insulin 198 (14.6) 452 (17.1) 83 (12.2) 83 (12.2)

GOLD group¶ Non-missing 1305 (96) 2530 (95.8) 678 (99.4) 678 (99.4)

A, n (%) 362 (27.7) 969 (38.3) 257 (37.9) 256 (37.8)

B, n (%) 292 (22.4) 684 (27.0) 186 (27.4) 187 (27.6)

C, n (%) 307 (23.5) 460 (18.2) 126 (18.6) 127 (18.7)

D, n (%) 344 (26.4) 417 (16.5) 109 (16.1) 108 (15.9)

�Includes prescriptions for SABA, SAMA, LABA, LAMA or their combinations. Patients may be included more than once with a different index date and

prescription. Number of unique patients: 2,007.
‡Data recorded at or closest to the index date. Percentages within categories calculated from non-missing values only.
§Defined as the number of acute oral corticosteroid courses and antibiotic prescriptions for a lower respiratory tract infection.
¶Closest to the index date, see supplementary methods (S1 File) for allocation into categories.

BMI = body mass index; COPD = chronic obstructive pulmonary disorder; DCCT = Diabetes Control and Complications Trial units; FEV1 = forced expiratory

volume in 1 second; GOLD = Global Initiative for Chronic Obstructive Lung Disease; HbA1c = glycated haemoglobin; ICS = inhaled corticosteroids;

LABA = long acting ��2-agonist; LAMA = long acting muscarinic antagonist; mMRC = modified Medical Research Council; OCS = oral corticosteroids;

SABA = short acting ��2-agonist; SAMA = short acting muscarinic antagonist; SD = standard deviation.

doi:10.1371/journal.pone.0162903.t002

Metabolic Effects of ICS in Patients with COPD and Comorbid Type 2 Diabetes

PLOS ONE | DOI:10.1371/journal.pone.0162903 September 22, 2016 6 / 17



Results

Matched patient population
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Analysis of secondary endpoints
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Table 3. Study endpoints during the outcom e year.

ICS cohort non-ICS
cohort

Change in HbA1c from baseline to outcome, median (IQR) 0.18 (-0.23,

0.60)

0.03 (-0.33,

0.50)

� 0.5 (DCCT %) increase in HbA1c from baseline to outcome, n (%) 179 (29.9) 153 (25.5)

Addition of antidiabetic drug from baseline to outcome, n (%) 101 (16.9) 100 (16.7)

� 0.5 (DCCT %) increase in HbA1c and/or addition of antidiabetic drug from

baseline to outcome, n (%)

240 (40.1) 223 (37.2)

HbA1c off QOF target (�!7.5%), n (%) 209 (30.6) 194 (28.4)

Change in annual rate of diabetes-related GP visits, median (IQR) 0 (-1.01, 1.33) -0.01 (-1.34,

1)

Increase in diabetes-related hospitalisation rate, n (%) 41 (6.0) 31 (4.5)

Increase in prescription rate for glucose strips, n (%) 114 (16.7) 75 (11.0)

Progression to insulin, n (%) 28 (4.7) 12 (2.0)

DCCT = Diabetes Control and Complications Trial units; GP = general practice; HbA1c = glycated

haemoglobin; ICS = inhaled corticosteroids; IQR = interquartile range; OCS = oral corticosteroids;

QOF = Quality and Outcomes Framework.

doi:10.1371/journal.pone.0162903.t003
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Fig 1. Compariso n of changes in HbA1C and diabetes-r elated GP visits between ICS and non-IC S cohorts. Mild-to-

moderate COPD patients identified by GOLD groups A and B. �Adjusted for number of acute courses of OCS and diagnosis of

pneumonia during baseline, time between baseline and outcome HbA1c readings, and acute OCS use between index date and

outcome HbA1c readings. †Adjusted for diagnosis of GORD in baseline, baseline HbA1c, and duration of diabetes. ‡Adjusted for

number of acute OCS courses during baseline and time between baseline and outcome HbA1c readings. §Adjusted for baseline

HbA1c and duration of diabetes.CI = confidence interval; COPD = chronic obstructive pulmonary disease; HbA1c = glycated

haemoglobin; ICS = inhaled corticosteroids; GORD = gastro-oesophageal reflux disease; GOLD = Global Initiative for Chronic

Obstructive Lung Disease; GP = general practice; OCS = oral corticosteroids.

doi:10.1371/journal.pone.0162903.g001
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Fig 2. Compar ison of other diabetes-r elated outcomes between ICS and non-ICS cohorts . Mild-to-moderate COPD patients

identified by GOLD groups A and B. �Adjus ted for diagnosis of GORD in baseline, duration of diabetes, time between baseline and

outcome HbA1c readings, and acute OCS use between index date and outcome HbA1c readings. † Adjusted for number of allergy

prescriptions and number of primary care consultations in baseline. ‡ Adjusted for baseline antidiabetic medication. §Adjusted for

number of COPD consultations in baseline, time between baseline and outcome HbA1c readings, and acute OCS use between

index date and outcome HbA1c readings. ¶Adjusted for number of GP consultations in baseline. CI = confidence interval;

COPD = chronic obstructive pulmonary disease; HbA1c = glycated haemoglobin; ICS = inhaled corticosteroids; GORD = gastro-

oesophageal reflux disease; GOLD = Global Initiative for Chronic Obstructive Lung Disease; GP = general practice; OCS = oral

corticosteroids.

doi:10.1371/journal.pone.0162903.g002
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The effects of ICS dose
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Fig 3. Adjusted odds ratios of the effect of cumulative ICS dose exposure and measured in fluticaso ne equivale nts
from the first prescripti on at the index date to the last HbA1c value in the outcome period. �Adjusted for baseline HbA1c

and acute oral corticosteroid use between index date and outcome HbA1c.
†Adjusted for duration of diabetes (combined first

diagnosis and first prescription), baseline HbA1c and acute oral corticosteroid use between index date and outcome HbA1c.

HbA1c = glycated haemoglobin; ICS = inhaled corticosteroids.

doi:10.1371/journal.pone.0162903.g003
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