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ABSTRACT
Background  The prevalence of anaemia and iron 
deficiency and their prognostic association with 
cardiovascular disease have rarely been explored at 
population level.
Methods  National Health Service records of the 
Greater Glasgow region for patients aged ≥50 years 
with a broad range of cardiovascular diagnoses were 
obtained. During 2013/14, prevalent disease was 
identified and results of investigations collated. Anaemia 
was defined as haemoglobin <13 g/dL for men or <12 
g/dL for women. Incident heart failure, cancer and death 
between 2015 and 2018 were identified.
Results  The 2013/14 dataset comprised 197 152 
patients, including 14 335 (7%) with heart failure. Most 
(78%) patients had haemoglobin measured, especially 
those with heart failure (90%). Of those tested, anaemia 
was common both in patients without (29%) and 
with heart failure (prevalent cases in 2013/14: 46%; 
incident cases during 2013/14: 57%). Ferritin was 
usually measured only when haemoglobin was markedly 
depressed; transferrin saturation (TSAT) even less often. 
Incidence rates for heart failure and cancer during 
2015–18 were inversely related to nadir haemoglobin 
in 2013/14. A haemoglobin of 13–15 g/dL for women 
and 14–16 g/dL for men was associated with the lowest 
mortality. Low ferritin was associated with a better 
prognosis and low TSAT with a worse prognosis.
Conclusion  In patients with a broad range of 
cardiovascular disorders, haemoglobin is often measured 
but, unless anaemia is severe, markers of iron deficiency 
are usually not. Low haemoglobin and TSAT, but not low 
ferritin, are associated with a worse prognosis. The nadir 
of risk occurs at haemoglobin 1–3 g/dL above the WHO 
definition of anaemia.

INTRODUCTION
In the general population, both low and very high 
concentrations of haemoglobin are associated 
with greater morbidity and mortality.1 2 Very high 
concentrations of haemoglobin are infrequent, and 
usually reflect smoking habits, chronic lung disease 
or, more rarely, myeloproliferative disorders. Low 
concentrations of haemoglobin are much more 
common. Although anaemia might be due to phys-
iological blood loss in premenopausal women, in 
older individuals it is often a marker of comorbid 
conditions or their treatments, which reduce eryth-
ropoiesis, or predispose to malabsorption and/or 
blood loss.3 4 The most common cause of anaemia 
worldwide is iron deficiency,5 for which treatment 

is readily available, but it is unclear how often cases 
of anaemia are investigated for iron deficiency and 
which tests are most commonly used.

Although widely used for epidemiological 
studies, the definition of anaemia suggested by 
WHO is based on research conducted >50 years 
ago on young, otherwise healthy individuals; there-
fore, it should be extrapolated with caution to 
contemporary clinical practice for patients with 
cardiovascular disease.6 Electronic health records 
(EHR) provide routinely collected data to address 
important research questions and audit quality 
of care in large populations managed in clinical 
practice.

Accordingly, we used de-identified data to inves-
tigate the distribution of haemoglobin concentra-
tions and their associations with outcome in a large 
cohort of adults with a broad range of cardiovas-
cular diseases, including hypertension, atheroscle-
rotic disease and heart failure. We also assessed how 
often diagnostic investigations for anaemia and 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ The current definition of anaemia commonly 
used in cardiovascular research and 
clinical practice is based on a haemoglobin 
concentration below the fifth percentile of age 
and sex in mostly young, healthy individuals 
rather than on its association with clinical 
outcomes.

WHAT THIS STUDY ADDS
	⇒ The current definition of anaemia in patients 
with cardiovascular disease, with or without 
heart failure, misses a substantial proportion of 
patients at increased risk of heart failure, cancer 
or death.

	⇒ Haemoglobin is usually measured but, even in 
the presence of profound anaemia, iron indices 
are not.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Clinicians should consider investigating patients 
with cardiovascular disease and borderline 
anaemia (haemoglobin 0–1 g/dL above the 
WHO definition) for iron deficiency.

	⇒ Future research should consider challenging 
the definition of anaemia in patients with 
cardiovascular disease.
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iron deficiency were done, and the link between haemoglobin 
concentrations and subsequent incidence of cancer, heart failure 
and death.

METHODS
Study population
The Glasgow SafeHaven links and provides secure, de-identified, 
routinely collected EHR for people managed by NHS Greater 
Glasgow and Clyde; a population of approximately 1.1 million 
in 2012. Linked data include demographics, blood tests (from 
primary and secondary care), electrocardiography, community 
prescription records, hospital admissions and related diagnoses 
and deaths.

For this analysis, we obtained authorisation for access to 
de-­identified patient information for adults aged ≥50 years 
who, between 1 January 2010 and 1 April 2018, had a new or 
existing diagnosis of coronary or peripheral arterial disease or 
heart failure or with repeated prescriptions of treatments such as 
ACE inhibitors (ACEi), angiotensin II receptor blockers (ARBs), 
beta-blockers, mineralocorticoid receptor antagonists or loop 
diuretics (online supplemental tables S1–S5). These criteria were 
designed to capture a broad range of cardiovascular problems. 
Data from 2010 to 2012 were used to provide a medical history 
and identify prevalent anaemia. Patients with <12 months of 
data were excluded as were patients with end-stage renal disease, 
defined as an estimated glomerular filtration rate (eGFR) of <20 
mL/min/1.73 m2, chronic kidney disease stage 5 or on renal dial-
ysis, as such patients are already known to have a high preva-
lence of anaemia and a poor prognosis.

From 1 January 2013 to 31 December 2014 (testing period), 
we collated blood test results to identify how often haemoglobin, 
ferritin and transferrin saturations (TSAT) were measured. 
Most measurements were taken by primary care physicians or 
at outpatient clinics. Measurements of haemoglobin obtained 
during admissions for gastrointestinal haemorrhage or those due 
to trauma were excluded. Otherwise, only the first blood test 
during a hospital admission was used for this analysis to avoid 
confounding due to blood loss from surgery or other proce-
dures. The nadir value for each test during this period was used 
for analyses, assuming that low values might act as a trigger for a 
therapeutic response designed to correct the abnormality.

Patients were also classified according to a known diagnosis 
of heart failure prior to 1 January 2013 (prevalent heart failure), 
incident heart failure between 1 January 2013 and 31 December 
2014 and no recorded diagnosis of heart failure prior to 31 
December 2014.

Patients within each diagnostic group were then stratified 
according to haemoglobin concentration into seven groups rela-
tive to the WHO definition: severe anaemia (>2 g/dL below); 
moderate anaemia (1–2 g/dL below); mild anaemia (0–1 g/dL 
below); borderline (>0–1 g/dL above), >1–3 g/dL above, >3–4 
g/dL above and >4 g/dL above the WHO definition. Four defi-
nitions of iron deficiency were considered: serum ferritin <30 
µg/L; serum ferritin <100 µg/L, serum iron ≤13 µmol/L and 
TSAT <20%.7

From 2015 to 2018, patients were followed to identify inci-
dent cases of heart failure and cancer and mortality, including 
causes of death.

Statistics
Descriptive data are shown as numbers and percentage when 
categorical and as median with first and third quartiles if contin-
uous. Mortality from 1 January 2015 until 31 March 2018 (last 

day of follow-up) was reported for patients according to heart 
failure diagnosis and nadir of haemoglobin or iron deficiency 
categories described above. All multivariable Cox models were 
adjusted for age and sex. No imputation was performed for 
missing data. Associations between haemoglobin and mortality 
are presented using Kaplan-Meier survival curves and/or forest 
plots. Associations between rates of retesting of haemoglobin in 
those with severe anaemia and between haemoglobin and inci-
dent heart failure diagnoses were analysed using competing risk 
models and presented in cumulative events curves with death as 
a competing risk. Patient groups with high haemoglobin concen-
trations (>3 g/dL above the WHO definition) were combined in 
some mortality analyses due to small patient numbers. Rates of 
testing of iron indices by age and sex are compared by χ2 tests. All 
statistical analysis was conducted with ‘R’ V.4.0.5 (supplements).

Patient and public involvement
Patients and/or the public were not involved in the design, or 
conduct, or reporting, or dissemination plans of this research.

RESULTS
From an initial population of 364 785 individuals, after excluding 
mislinked data (n=1176), those aged <50 years (n=123 143) or 
censored before 1 January 2013 (n=21 844), those with missing 
data (n=5098) and those with end-stage renal disease (n=16 
372), 1 97 152 patients were included in this analysis (online 
supplemental figure S1).

Prior to 2013, 10 678 (5%) patients were reported to have 
heart failure and a further 3657 (2%) developed heart failure in 
2013/14. Patients with heart failure were older, more likely to 
be men and more likely to have ischaemic heart disease (IHD), 
diabetes, hypertension, atrial fibrillation, chronic obstructive 
airways disease and have a lower eGFR (table 1).

Testing patterns and results of testing
Most patients had haemoglobin measured both before and 
between 2013 and 2014. Patients with heart failure were more 
likely to be tested and more likely to have anaemia (table  1). 
Most of those with anaemia in 2013/14 already had anaemia 
prior to 2013, and >1 in 10 developed new-onset anaemia 
between 2013 and 2014; new-onset anaemia was common 
(25%) in those newly diagnosed with heart failure during this 
period. Of those without anaemia prior to 2013, those closest to 
the WHO threshold (haemoglobin 0–1 g/dL above) were most at 
risk of developing anaemia (online supplemental tables S6–S8). 
In those with severe anaemia (>2 g/dL below the WHO defini-
tion) identified in an outpatient setting during 2013/14, rates 
of subsequent retesting of haemoglobin were high, with >50% 
retested within 1 month irrespective of heart failure group 
(online supplemental figures S2–S4).

Rates of testing of iron indices increased as severity of anaemia 
increased, with around 80% of those with haemoglobin >2 g/
dL below the WHO definition having at least one test for iron 
deficiency (figure 1). Serum iron or TSAT were measured much 
less frequently (8% of all with haemoglobin measured; 20% if 
anaemia) than ferritin (38% of all with haemoglobin measured; 
62% if anaemia). In general, women and those aged >70 years 
were more likely to have iron tests (online supplemental tables 
S9 and S10) and they were done slightly more often among those 
with incident heart failure compared with other patients.

When investigated, iron deficiency (by all definitions) was 
more common as haemoglobin decreased (table  2). Of those 
with anaemia investigated for iron deficiency (table 2), >50% 
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Table 1  Characteristics according to the presence (prevalent or incident) or absence of heart failure during 2013/14

Not heart failure Incident heart failure Prevalent heart failure

Demographics and comorbidities on or before 1 January 2013 unless stated otherwise

Surviving at 31 
December 2014

Died before 31 
December 2014

Surviving at 31 
December 2014

Died before 31 
December 2014

Surviving at 31 
December 2014

Died before 31 
December 2014

N (%) 172 940 9877 2776 881 8899 1779

Age (years) 65 (58–74) 79 (70–86) 74 (65–81) 82 (75–87) 72 (64–80) 82 (75–88)

Sex (women) 95 280 (55%) 5351 (54%) 1291 (47%) 452 (51%) 3478 (39%) 903 (51%)

Hypertension 57 633 (33%) 3009 (30%) 1281 (46%) 281 (32%) 4848 (54%) 851 (48%)

Diabetes or
hypoglycaemic therapy

28 244 (16%) 1767 (18%) 553 (20%) 156 (18%) 2122 (24%) 421 (24%)

IHD 32 400 (19%) 2556 (26%) 984 (35%) 291 (33%) 6568 (74%) 1151 (65%)

COPD 17 168 (10%) 1894 (19%) 531 (19%) 169 (19%) 2035 (23%) 588 (33%)

eGFR (last available prior to 2013) 82 (71–94) 75 (59–91) 78 (65–91) 72 (58–86) 75 (61–90) 65 (49–82)

eGFR available 154 816 (90%) 9383 (95%) 2499 (90%) 841 (95%) 8690 (98%) 1755 (99%)

GI disease 5360 (3%) 907 (9%) 130 (5%) 60 (7%) 462 (5%) 167 (9%)

Any cancer prior to 2013 10 780 (6%) 2127 (22%) 216 (8%) 123 (14%) 756 (8%) 327 (18%)

Any incident cancer 2013/14 3376 (2%) 2119 (21%) 116 (4%) 114 (13%) 215 (2%) 208 (12%)

ECG (last result available between 2010 and 31 December 2014)

ECG available 49 022 (28%) 4534 (46%) 1992 (72%) 549 (62%) 4010 (45%) 917 (52%)

AF/Flutter 3890 (8%) 848 (19%) 588 (30%) 169 (31%) 961 (24%) 314 (34%)

Haemoglobin results

Test prior to 2013 (yes/no) 137 812 (80%) 9047 (92%) 2339 (84%) 811 (92%) 8195 (92%) 1719 (97%)

Anaemia prior to 2013
(% of those tested)

37 828 (27%) 5450 (60%) 959 (41%) 468 (58%) 3714 (45%) 1235 (72%)

Test during 2013/14 (yes/no) 132 200 (76%) 8411 (85%) 2704 (97%) 873 (99%) 7806 (88%) 1515 (85%)

Anaemia 2013/14
(% of those tested)

35 310 (27%) 5651 (67%) 1418 (52%) 604 (69%) 3265 (42%) 1051 (69%)

Incident anaemia 2013/14 13 992 (11%) 1825 (22%) 666 (25%) 210 (24%) 887 (11%) 197 (13%)

Hb (median/quartiles) 13.3
(12.2–14.4)

11.4
(9.8–12.9)

12.3
(10.7–13.6)

11.2
(9.7–12.7)

12.9
(11.5–14.2)

11.4
(9.8–12.8)

Prescriptions (anytime in 2013 or 2014)

Iron (oral) 13 817 (8%) 1750 (18%) 584 (21%) 233 (26%) 1377 (15%) 435 (24%)

B12 7689 (4%) 680 (7%) 203 (7%) 71 (8%) 593 (7%) 132 (7%)

Folate 12 137 (7%) 1601 (16%) 365 (13%) 172 (20%) 1028 (12%) 312 (18%)

Loop diuretics 21 431 (12%) 3517 (36%) 1814 (65%) 551 (63%) 4744 (53%) 1255 (71%)

ACEi/ARB 94 839 (55%) 4089 (41%) 2161 (78%) 468 (53%) 7186 (81%) 965 (54%)

BB 64 274 (37%) 3529 (36%) 2005 (72%) 401 (46%) 6392 (72%) 906 (51%)

MRA 1737 (1%) 391 (4%) 511 (18%) 77 (9%) 1216 (14%) 255 (14%)

Antiplatelets 66 090 (38%) 5021 (51%) 2015 (73%) 547 (62%) 6238 (70%) 1124 (63%)

OAC 9639 (6%) 822 (8%) 897 (32%) 164 (19%) 2396 (27%) 387 (22%)

NSAID 48 991 (28%) 1232 (12%) 524 (19%) 90 (10%) 1201 (13%) 95 (5%)

Insulin 4115 (2%) 309 (3%) 108 (4%) 33 (4%) 426 (5%) 94 (5%)

Other hypoglycaemic agents 23 015 (13%) 1293 (13%) 470 (17%) 119 (14%) 1625 (18%) 258 (15%)

PPI/H2 antagonist 87 992 (51%) 5939 (60%) 1799 (65%) 547 (62%) 5447 (61%) 1151 (65%)

Deaths 2013–2014

Age at death NA 80 (71–87) NA 83 (76–88) NA 83 (76–89)

All 0 (0%) 9877 (100%) 0 (0%) 881 (100%) 0 (0%) 1779 (100%)

Cancer NA 3288 (33%) NA 118 (13%) NA 306 (17%)

GI cancer NA 877 (9%) NA 28 (3%) NA 77 (4%)

CVD NA 2666 (27%) NA 401 (46%) NA 755 (42%)

Neurological NA 1087 (11%) NA 37 (4%) NA 116 (7%)

Chronic respiratory NA 1018 (10%) NA 123 (14%) NA 244 (14%)

Infection NA 799 (8%) NA 104 (12%) NA 181 (10%)

Other NA 1019 (10%) NA 98 (11%) NA 177 (10%)

Presented as number and (%) or median and (Q1–Q3) for continuous variables.
Sodium-glucose co-transporter 2 inhibitors were used in ≤1% of individuals in all categories.
Blood results reported are the nadir result unless otherwise stated. The presence of any of anaemia or AF/flutter is reported.
ACEi/ARB, ACE inhibitor/angiotensin receptor blocker; AF, atrial fibrillation; BB, beta-blocker; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; eGFR, estimated glomerular 
filtration rate; GI, gastrointestinal; IHD, ischaemic heart disease; MRA, mineralocorticoid receptor antagonist; NA, not available; NSAID, non-steroidal anti-inflammatory drugs; OAC, oral 
anticoagulant; PPI, proton pump inhibitors.
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had a ferritin <100 µg/L, a serum iron ≤13 µmol/L and a TSAT 
<20%. A large proportion of those without anaemia, even when 
haemoglobin was >1 g/dL above the WHO definition, also had 
one or more blood tests suggesting iron deficiency.

Associations between haemoglobin concentrations, 
treatments and incident cancer or heart failure
Patients with lower haemoglobin concentrations were older 
and more likely to have diabetes, IHD and gastrointestinal 
(GI) diseases, and a lower eGFR, than those without. Prescrip-
tions of oral iron, folate and B12 therapies, loop diuretics and 

particularly proton pump inhibitors (PPIs)/H2-receptor antag-
onists were higher among patients with lower haemoglobin 
concentrations. For all patients with heart failure, those with 
lower haemoglobin concentrations were less likely to receive 
beta-blockers and ACEi or ARBs (online supplemental tables 
S6–S8).

An inverse relation was present between rates of both prevalent 
and incident cancer diagnoses and haemoglobin concentration 
in patients with or without heart failure (online supplemental 
tables S6–S8). Between 2013 and 2014, rates of incident cancer 
were highest in those with severe anaemia (7%–11%).

Figure 1  Testing patterns of iron biomarkers according to haemoglobin concentration. Ferritin on the left and, separately on the right, serum iron or 
transferrin saturation (TSAT) according to haemoglobin concentrations and patient group (not heart failure (HF); incident HF; prevalent HF). Numbers 
are presented below each graph.

Table 2  Haematology profile and iron measurements according to HF group during 2013/14

Hb by 
WHO 
grade N

F done
(yes vs no)

F <30 µg/L
(% of all/% of 
those tested)

F <100 µg/L
(% of all/% of 
those tested)

S. iron done
(yes vs no)

S. iron ≤13 
µmol/L
(% of all/% of 
those tested)

TSAT done 
(yes vs no)

TSAT <20 %
(% of all/% of 
those tested) MCV <80 fl

Not HF Not done 42 206 (23%) 184 (0%) 16 (<1%/9%) 82 (<1%/45%) 39 (0%) 19 (<1%/49%) 38 (0%) 11 (<1%/29%) 0 (NA%)

>4 1447 (1%) 310 (21%) 13 (1%/4%) 93 (6%/30%) 68 (5%) 14 (1%/21%) 67 (5%) 10 (1%/15%) 6 (0%)

>3 to 4 6469 (4%) 1316 (20%) 59 (1%/4%) 480 (7%/36%) 204 (3%) 47 (1%/23%) 204 (3%) 40 (1%/20%) 29 (0%)

>1 to 3 56 341 (31%) 13 733 (24%) 1370 (2%/10%) 7006 (12%/51%) 2105 (4%) 691 (1%/33%) 2085 (4%) 593 (1%/28%) 596 (1%)

≥0 to 1 35 393 (19%) 11 422 (32%) 2087 (6%/18%) 6968 (20%/61%) 2037 (6%) 1002 (3%/49%) 2018 (6%) 838 (2%/42%) 971 (3%)

<0 to 1 18 938 (10%) 9125 (48%) 2486 (13%/27%) 5902 (31%/65%) 1912 (10%) 1249 (7%/65%) 1900 (10%) 1060 (6%/56%) 1226 (6%)

<−1 to 2 10 706 (6%) 7130 (67%) 2492 (23%/35%) 4753 (44%/67%) 2142 (20%) 1655 (15%/77%) 2128 (20%) 1436 (13%/67%) 1303 (12%)

<−2 11 317 (6%) 8742 (77%) 3554 (31%/41%) 5692 (50%/65%) 3805 (34%) 3129 (28%/82%) 3789 (33%) 2778 (25%/73%) 3018 (27%)

Incident HF Not done 80 (2%) <6 (NA%) 0 (0%/0%) 0 (0%/0%) 0 (0%) 0 (NA%/NA%) 0 (0%) 0 (0%/0%) 0 (NA%)

>4 21 (1%) 9 (43%) 0 (0%/0%) <6 (NA%/NA%) <6 (NA%) <6 (NA%/NA%) <6 (NA%) <6 (NA%/NA%) 0 (0%)

>3 to 4 83 (2%) 23 (28%) 0 (0%/0%) <6 (NA%/NA%) 9 (11%) <6 (NA%/NA%) 9 (11%) <6 (NA%/NA%) <6 (NA%)

>1 to 3 689 (19%) 217 (31%) 10 (1%/5%) 87 (13%/40%) 58 (8%) 34 (5%/59%) 58 (8%) 33 (5%/57%) 11 (2%)

≥0 to 1 762 (21%) 316 (41%) 46 (6%/15%) 166 (22%/53%) 84 (11%) 59 (7%/70%) 84 (11%) 54 (7%/64%) 35 (5%)

<0 to 1 614 (17%) 350 (57%) 82 (13%/23%) 191 (31%/55%) 112 (18%) 95 (15%/85%) 110 (18%) 77 (13%/70%) 56 (9%)

<−1 to 2 545 (15%) 396 (73%) 93 (17%/23%) 242 (44%/61%) 187 (34%) 162 (30%/87%) 186 (34%) 146 (27%/78%) 65 (12%)

<−2 863 (24%) 742 (86%) 234 (27%/32%) 489 (57%/66%) 469 (54%) 417 (48%/89%) 467 (54%) 383 (44%/82%) 228 (26%)

Prevalent HF Not done 1357 (13%) 16 (1%) <6 (NA%/NA%) <6 (NA%/NA%) 7 (1%) <6 (NA%/NA%) 7 (1%) <6 (NA%/NA%) 0 (NA%)

>4 78 (1%) 11 (14%) 0 (0%/0%) <6 (NA%/NA%) 0 (0%) 0 (NA%/NA%) 0 (0%) 0 (0%/0%) 0 (0%)

>3 to 4 284 (3%) 57 (20%) <6 (NA%/NA%) 23 (8%/40%) 11 (4%) <6 (NA%/NA%) 11 (4%) <6 (NA%/NA%) <6 (NA%)

>1 to 3 2503 (23%) 638 (25%) 43 (2%/7%) 287 (11%/45%) 117 (5%) 58 (2%/50%) 116 (5%) 46 (2%/40%) 29 (1%)

≥0 to 1 2140 (20%) 752 (35%) 103 (5%/14%) 394 (18%/52%) 143 (7%) 87 (4%/61%) 142 (7%) 71 (3%/50%) 63 (3%)

<0 to −1 1675 (16%) 815 (49%) 181 (11%/22%) 470 (28%/58%) 203 (12%) 134 (8%/66%) 203 (12%) 119 (7%/59%) 93 (6%)

<−1 to −2 1180 (11%) 797 (68%) 226 (19%/28%) 500 (42%/63%) 272 (23%) 213 (18%/78%) 270 (23%) 181 (15%/67%) 119 (10%)

<−2 1461 (14%) 1176 (80%) 404 (28%/34%) 766 (52%/65%) 562 (38%) 488 (33%/87%) 561 (38%) 435 (30%/78%) 346 (24%)

F, ferritin; Hb, haemoglobin; HF, heart failure; MCV, mean cell volume; NA, not available; S., serum; TSAT, transferrin saturation.
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In those without prior heart failure, a non-linear relation-
ship was present between haemoglobin and rates of new-onset 
heart failure (after 1 January 2015) (online supplemental figure 
S5): those with haemoglobin concentrations >2 g/dL below the 
WHO definition of anaemia had the highest risk of developing 
heart failure, despite a higher mortality as a competing risk.

Associations with mortality
Of 197 152 patients in this analysis, 12 537 died between 
1 January 2013 and 31 December 2014. Rates of death were 
higher for those with incident (24%) or prevalent (17%) heart 
failure compared with those without heart failure (5%) (table 1).

From 2015 onwards, of those with cardiovascular disease but 
not heart failure 11% died compared with 25% of those with 
heart failure (online supplemental tables S6–S8). Most patients 
with heart failure died from cardiovascular causes irrespective of 

haemoglobin concentration. Cancer (n=5313; 29% of deaths) 
and cardiovascular events (n=4884; 27% of deaths) were simi-
larly common causes of death in patients without heart failure.

Of 184 615 patients alive at the end of the 2013/14 testing 
period, those in whom haemoglobin had not been measured 
had the best and those with severe anaemia (>2 g/dL below 
the WHO definition) the worst outcomes across all diag-
nostic groups (figures 2–4). There was a U-shaped relationship 
between haemoglobin and all-cause mortality, particularly in 
those without a history of heart failure. Compared with those 
with a haemoglobin of 1–3 g/dL above the WHO definition of 
anaemia, mortality was greater both for those with borderline 
anaemia (haemoglobin 0–1 g/dL above the WHO definition) and 
those with a haemoglobin >3 g/dL above the WHO definition. 
Patients with higher haemoglobin had a greater proportion of 
deaths due to chronic respiratory diseases compared with those 

Figure 2  Unadjusted Kaplan-Meier survival curves and corresponding forest plots showing associations between haemoglobin (Hb) concentrations 
and mortality from 1 January 2015 to 31 March 2018 in patients without heart failure recorded at any time. Numbers at risk presented with each 
Kaplan-Meier and age-adjusted and sex-adjusted HRs with corresponding 95% CIs also presented.

Figure 3  Unadjusted Kaplan-Meier survival curves and corresponding forest plots showing associations between haemoglobin (Hb) concentrations 
and mortality from 1 January 2015 to 31 March 2018 in patients with incident heart failure between 1 January 2013 and 31 December 2014. 
Numbers at risk presented with each Kaplan-Meier and age-adjusted and sex-adjusted HRs with corresponding 95% CIs also presented.
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with normal or low haemoglobin concentrations (online supple-
mental tables S6–S8).

Neither a ferritin <30 µg/L nor a ferritin 30–99 µg/L were 
associated with higher mortality in any patient group (figure 5 
and online supplemental figures S6 and S7). A ferritin >300 
µg/L was associated with greater mortality except for those with 
incident heart failure.

A U-shaped relationship with mortality between both TSAT 
(figure  6) and serum iron was observed for patients without 
heart failure, with a nadir of risk at a TSAT between 30% and 
39% or a serum iron between 17 and 30 µmol/L (online supple-
mental figure S8). For patients with heart failure, serum iron 
and TSAT were rarely measured precluding meaningful analysis 
(online supplemental figures S6 and S7).

DISCUSSION
This study has several important findings: (1) many adults with 
cardiovascular disease living in the West of Scotland have their 
haemoglobin checked and anaemia is often present, (2) blood 
tests for iron deficiency are rarely done unless anaemia is severe, 
(3) anaemia is associated with a higher subsequent incidence of 
cancer and heart failure, (4) both high and low haemoglobin 
concentrations are associated with an increased mortality, with 
the nadir of risk at levels 1–3 g/dL above the WHO criteria for 
anaemia, (5) a low serum ferritin is associated with a better prog-
nosis but a low TSAT or serum iron with a worse prognosis.

In keeping with previous reports of patients with8–10 and 
without cardiovascular disease,1 2 11 lower haemoglobin concen-
trations were associated with greater mortality in our cohort. 

Figure 4  Unadjusted Kaplan-Meier survival curves and corresponding forest plots showing associations between haemoglobin (Hb) concentrations 
and mortality from 1 January 2015 to 31 March 2018 in patients with prevalent heart failure prior to 1 January 2013. Numbers at risk presented with 
each Kaplan-Meier and age-adjusted and sex-adjusted HRs with corresponding 95% CIs also presented.

Figure 5  Mortality of patients without a history of heart failure by 
concentrations of serum ferritin (Ferr). Forest plots showing all-cause 
mortality from 1 January 2015 to 31 March 2018 for patients without 
a history of heart failure during, or prior to, 2013/14 according to 
concentrations of serum Ferr (not measured; >300 µg/L; 100–300 
µg/L; 30–100 µg/L; <30 µg/L). Age-adjusted and sex-adjusted HRs with 
corresponding 95% CIs are presented.

Figure 6  Mortality of patients without a history of heart failure 
by transferrin saturation (TSAT) (%). Forest plots showing all-cause 
mortality from 1 January 2015 to 31 March 2018 for patients without 
a history of heart failure during, or prior to, 2013/14 according to TSAT 
(%) (not measured; ≥50%; 40%–49%; 30%–39%; 20%–29%; 10%–
19%; <10%). Age-adjusted and sex-adjusted HRs with corresponding 
95% CIs are presented.
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However, we found an increase in mortality even when haemo-
globin was 0–1 g/dL higher than the current WHO criteria for 
anaemia. Similar associations between haemoglobin concen-
trations and mortality have been demonstrated in other large 
cohorts,1 11 and our data add further fuel to the debate6 on 
whether current WHO criteria to diagnose anaemia are appro-
priate for contemporary clinical practice in older adults. Our 
findings suggest that the threshold to define anaemia should be 
raised, at least for adults with cardiovascular disease, by about 1 
g/dL for each sex.

In contrast to our findings, some have postulated that the 
haemoglobin concentration used to define anaemia should be 
lower than that suggested by the WHO in healthy, younger 
populations.12 13 These studies defined ‘anaemia’ as below the 
fifth percentiles for age and sex rather than relating haemo-
globin concentrations to clinical outcomes. The causes and rela-
tive impact of anaemia will vary between healthy individuals and 
those with chronic cardiovascular disease.

Anaemia in patients with, or at risk of cardiovascular disease 
is commonly multifactorial in origin and may be a marker of 
important comorbidity and risk, as well as a therapeutic target.3 
In our cohort, as haemoglobin decreased, patients were more 
likely to have diabetes and renal dysfunction, increasing the 
risk of iron deficiency and defective erythropoiesis.14 Rates of 
GI disease were also higher in those with anaemia. GI disease 
can cause anaemia in several ways, including malabsorption, 
increased blood loss and inflammation.15 However, patients 
with anaemia may be more thoroughly investigated than those 
without anaemia, leading to more diagnoses of GI disease and 
cancers. Interestingly, we found that a substantial proportion 
of patients—almost 80% of those with incident heart failure—
were prescribed PPIs. PPI prescription rates are increasing in 
the UK,16 often at higher doses and for longer durations than 
guidelines suggest they should.17 18 PPIs reduce gastric acid secre-
tion, which in turn will reduce enteral iron absorption. Although 
PPIs may reduce GI bleeding in those prescribed antiplatelet 
or non-steroidal anti-inflammatory drugs, our findings raise 
concerns that PPI might increase the risk of iron deficiency and 
anaemia.17–19

The incidence of heart failure in our cohort was mark-
edly higher in those with lower haemoglobin concentrations 
compared with those without anaemia. Low haemoglobin 
concentration reduces the oxygen carrying capacity of blood. In 
order to maintain delivery of oxygen to tissues, cardiac output 
rises, which may increase cardiac work and oxygen demand and 
may eventually lead to deleterious myocardial remodelling.3 8 
Iron is also an essential component of the mitochondrial electron 
transport chain which is responsible for producing 95% of the 
body’s energy.20 These physiological adaptations, coupled with 
the higher level of comorbidity associated with lower haemo-
globin, may help explain our findings.21

Although an association between very high haemoglobin 
concentrations and greater mortality has not been consistently 
demonstrated,7 8 the weight of evidence from multiple epide-
miological reports of mostly older patients mirrors our find-
ings.1 2 9–11 High haemoglobin concentrations will increase 
viscosity which may potentiate ischaemic or embolic events12 13 
or aggravate hypertension.15 High haemoglobin concentrations 
may also be secondary to chronic lung disease or myeloprolif-
erative disorders, which are associated with an increased risk of 
morbidity and mortality.14

This analysis also throws further doubt on the utility of serum 
ferritin for diagnosing iron deficiency22 in patients with cardio-
vascular disease. Most patients had values <100 µg/L even in 

the absence of anaemia, many patients with profound anaemia 
had values >30 µg/L and low values of ferritin were associated 
with a good prognosis. Serum iron and TSAT were less often 
measured but were usually low in patients with moderate or 
severe anaemia, although often low even when haemoglobin was 
normal. However, unlike serum ferritin, a low serum iron and 
TSAT were associated with a worse prognosis. Ultimately, bone 
marrow histology for iron deposits and the clinical response 
to correction of iron deficiency are the most reliable ways of 
defining which test should be used to identify iron deficiency.23

Iron deficiency—due to medications predisposing to bleeding 
(antiplatelets) and/or malabsorption of iron (PPIs), reduced 
dietary intake or the failure to use appropriate body iron stores 
(eg, due to inflammation)—is a common cause of anaemia in 
patients with cardiovascular disease.3 24 In patients with heart 
failure, iron deficiency with or without anaemia is associated 
with worse symptoms, quality of life and greater mortality.25–27 
Regular testing of iron indices in all patients with heart failure, 
regardless of their haemoglobin concentration, is suggested by 
European guidelines.22 However, in our cohort, testing for iron 
deficiency was driven primarily by the severity of anaemia. In 
contemporary data for patients with heart failure, the rate of 
testing of iron indices may be as low as 1%–2%28 or as high as 
27%.29 If iron markers are not routinely measured in patients 
with heart failure, those with iron deficiency may miss out on 
the benefits of intravenous iron repletion.30

Study limitations
This analysis investigates associations that may or may not be 
causal on a large population of mostly Caucasian patients with 
a broad range of cardiovascular conditions. We did not investi-
gate anaemia and iron deficiency in the general population and 
cannot say whether our findings would differ for people without 
cardiovascular disease. The lowest value for each test was 
used to classify patients rather than their average result, which 
might have led to different findings. Assessment of the relation 
between some measures of iron deficiency and mortality was 
limited by low numbers and selective testing. It is possible that 
some patients were not tested due to frailty or patient choice. 
We lacked access to records of further diagnostic tests, such as 
endoscopies, to investigate for co-existent disease. Models were 
adjusted only for age and sex, as key datasets providing contin-
uous data of potential confounders such as blood pressure or 
body mass index were not available.

CONCLUSION
In patients with a broad range of cardiovascular disorders, 
including heart failure, haemoglobin is commonly measured 
but, even when anaemia is profound, iron indices are often not. 
Haemoglobin concentrations between 0 and 1 g/dL above the 
WHO definition of anaemia are associated with a worse prog-
nosis, predominantly from cancer and cardiovascular disease, 
suggesting that the WHO definition of anaemia should be 
revised, at least for people with cardiovascular disease. A low 
serum iron concentration or a low TSAT, but not a serum ferritin 
<100 µg/L, is associated with a worse prognosis.
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The following R packages formed the backbone of the statistical analysis: tidyverse (1), survival (2), RODBC (3), viridis (4), cmprsk (5), lubridate (6), survminer

(7), broom (8), reshape2 (9), ggfortify (10), gridExtra (11), forcats (12), and ggpubr (13).

Table S1 Database and codes used to generate the cohort. Patients were included based the existence of a record across at least one of community-based

prescriptions and primary care, hospital admission records, and mental health inpatient and day cases care records between 31st December 2009 through

31st March 2018.
Codes are listed based on the formatting used within Safe Haven and unless explicitly noted otherwise, three and four digit ICD-10 codes include all codes below them. BNF

codes include all codes below them.

Dataset Code Type Variable Code Description
SMR01/04 ICD-10 PAD I73 Other peripheral vascular disease
SMR01/04 ICD-10 CAD I24 Other Acute ischaemic heart disease
SMR01/04 ICD-10 CAD I254 Coronary artery aneurism and dissection
SMR01/04 ICD-10 CAD Z951 Presence of aortocoronary bypass graft
SMR01/04 ICD-10 CAD Z955 Presence of coronary angioplasty implant and graft
SMR01/04 ICD-10 HF I50 Heart failure
SMR01/04 ICD-10 HF I110 Hypertensive heart disease with (congestive) heart failure
SMR01/04 ICD-10 HF I130 Hypertensive heart and renal disease with (congestive) heart failure
GP LES Read PAD G734 Echocardiogram shows left ventricular systolic dysfunction
GP LES Read CAD G340 Coronary artery disease (CAD)
GP LES Read HF G5yy9 Left ventricular systolic dysfunction (LVSD)
GP LES Read HF 585f Echocardiogram shows left ventricular systolic dysfunction
GP LES LES Area HF 4 Heart failure
PIS BNF ACEi 0205051 Angiotensin-converting-enzyme inhibitor (ACEi)
PIS BNF ARB 0205025 Angiotensin II receptor blocker (ARB)
PIS BNF Beta-blocker 0204 Beta-blocker
PIS BNF LD 020202 Loop diuretics (LD)
PIS BNF MRA 020203 Mineralocorticoid receptor antagonists (MRA)
SMR01, Scottish Morbidity Records for Acute Inpatient and Day Cases; SMR04, Mental Health Inpatient and Day Cases; GP LES, General Practice Local Enhanced
Services; PIS, Prescribing Information System for community-based prescriptions; LES Area, local enhanced service area; ICD-10, International Classification of
Disease, 10th Version; BNF, British National Formulary; PAD, peripheral arterial disease; CAD, coronary artery disease; HF, heart failure; ACEi,
angiotensin-converting-enzyme inhibitor (ACEi); ARB, angiotensin II receptor blocker (ARB); LD, loop diuretic; MRA, mineralocorticoid receptor antagonists.
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Table S2: Description of how co-morbidities were defined and the data sources used to

define them.
Inclusion
reason Code type Code Description

HF See supplementary table 3 Heart Failure
ARB See supplementary table 5 Angiotensin II receptor blockers
ACEi See supplementary table 5 Angiotensin-converting-enzyme inhibitors
LD See supplementary table 5 Loop diuretics
MRA See supplementary table 5 Mineralocorticoid-receptor antagonists.
Beta-blocker See supplementary table 5 Beta blockers

PAD

Read 14F7 H/O: arterial lower limb ulcer
Read 14NB H/O: Peripheral vascular disease procedure
Read 2G63 Ischaemic toe
Read 7A100 Emerg aortic bypass by anastomosis axillary to femoral art
Read 7A101 Bypass aorta by anastomosis axillary to femoral artery NEC
Read 7A102 Axillo-bifemoral bypass graft
Read 7A103 Axillo-unifemoral PTFE bypass graft
Read 7A12.00 Other bypass of bifurcation of aorta
Read 7A120 Emerg bypass bifurc aorta by anast aorta to femoral artery
Read 7A121 Bypass bifurc aorta by anastom aorta to femoral artery NEC
Read 7A12111 Aorto bifemoral graft
Read 7A12112 Dacron aortofemoral Y graft
Read 7A123 Bypass bifurcation aorta by anastom aorta to iliac artery
Read 7A12311 Aorto biiliac graft
Read 7A12312 Dacron aortoiliac Y graft
Read 7A12y Other specified other bypass of bifurcation of aorta
Read 7A12z Other bypass of bifurcation of aorta NOS
Read 7A192 Open embolectomy of bifurcation of aorta
Read 7A41 Other bypass of iliac artery
Read 7A410 Emerg bypass iliac art by iliac/femoral art anastomosis NEC
Read 7A411 Bypass iliac artery by iliac/femoral artery anastomosis NEC
Read 7A412 Emerg bypass iliac artery by femoral/femoral art anast NEC
Read 7A41211 Emergency femoro-femoral prosthetic cross over graft
Read 7A413 Bypass iliac artery by femoral/femoral art anastomosis NEC
Read 7A41311 Femoro-femoral prosthetic cross over graft
Read 7A414 Emerg bypass comm iliac art by aorta/com iliac art anast NEC
Read 7A416 Emerg bypass leg artery by aorta/com fem art anastomosis NEC
Read 7A419 Bypass common iliac artery by aorta/com iliac art anast NEC
Read 7A41B Bypass leg artery by aorta/com femoral art anastomosis NEC
Read 7A41C Bypass leg artery by aorta/deep femoral art anastomosis NEC
Read 7A41F Ilio-femoral prosthetic cross over graft
Read 7A41y Other specified other bypass of iliac artery
Read 7A41z Other bypass of iliac artery NOS
Read 7A42 Reconstruction of iliac artery
Read 7A420 Endarterectomy and patch repair of iliac artery
Read 7A42011 Endarterectomy and patch repair of common iliac artery
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Read 7A42012 Iliac endarterectomy and patch
Read 7A421 Endarterectomy of iliac artery NEC
Read 7A42111 Endarterectomy of common iliac artery NEC
Read 7A42y Other specified reconstruction of iliac artery
Read 7A42z Reconstruction of iliac artery NOS

PAD

Read 7A43 Other open operations on iliac artery
Read 7A430 Repair of iliac artery NEC
Read 7A43011 Repair of common iliac artery NEC
Read 7A431 Open embolectomy of iliac artery
Read 7A43111 Open embolectomy of common iliac artery
Read 7A433 Open insertion of iliac artery stent
Read 7A440 Percutaneous transluminal angioplasty of iliac artery
Read 7A441 Percutaneous transluminal embolectomy of iliac artery
Read 7A443 Insertion of iliac artery stent
Read 7A444 Percutaneous transluminal insertion of iliac artery stent
Read 7A44y Other specified transluminal operation on iliac artery
Read 7A44z Transluminal operation on iliac artery NOS
Read 7A47 Other emergency bypass of femoral artery or popliteal artery
Read 7A470 Emerg bypass femoral art by fem/pop art anast c prosth NEC
Read 7A471 Emerg bypass popliteal art by pop/pop art anast c prosth NEC
Read 7A472 Emerg bypass femoral art by fem/pop a anast c vein graft NEC
Read 7A473 Emerg bypass pop art by pop/pop art anast c vein graft NEC
Read 7A474 Emerg bypass femoral art by fem/tib art anast c prosth NEC
Read 7A476 Emerg bypass femoral art by fem/tib a anast c vein graft NEC
Read 7A477 Emerg bypass pop art by pop/tib art anast c vein graft NEC
Read 7A47B Emerg bypass pop art by pop/peron art anast c vein graft NEC
Read 7A47C Emerg bypass femoral artery by fem/fem art anastomosis NEC
Read 7A47D Emerg bypass popliteal artery by pop/fem art anastomosis NEC
Read 7A47y Other emergency bypass of femoral or popliteal artery OS
Read 7A47z Other emergency bypass of femoral or popliteal artery NOS
Read 7A48 Other bypass of femoral artery or popliteal artery
Read 7A480 Bypass femoral artery by fem/pop art anast c prosthesis NEC
Read 7A481 Bypass popliteal artery by pop/pop a anast c prosthesis NEC
Read 7A482 Bypass femoral artery by fem/pop art anast c vein graft NEC
Read 7A483 Bypass popliteal artery by pop/pop a anast c vein graft NEC
Read 7A484 Bypass femoral artery by fem/tib art anast c prosthesis NEC
Read 7A485 Bypass popliteal artery by pop/tib a anast c prosthesis NEC
Read 7A486 Bypass femoral artery by fem/tib art anast c vein graft NEC
Read 7A487 Bypass popliteal artery by pop/tib a anast c vein graft NEC
Read 7A488 Bypass femoral artery by fem/peron a anast c prosthesis NEC
Read 7A48A Bypass femoral artery by fem/peron a anast c vein graft NEC
Read 7A48B Bypass popliteal art by pop/peron art anast c vein graft NEC
Read 7A48C Bypass femoral artery by femoral/femoral art anastomosis NEC
Read 7A48D Bypass popliteal artery by pop/fem artery anastomosis NEC
Read 7A48E Femoro-femoral prosthetic cross over graft
Read 7A48y Other bypass of femoral artery or popliteal artery OS
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Read 7A48z Other bypass of femoral artery or popliteal artery NOS
Read 7A49 Reconstruction of femoral artery or popliteal artery

PAD

Read 7A490 Endarterectomy and patch repair of femoral artery
Read 7A491 Endarterectomy and patch repair of popliteal artery
Read 7A492 Endarterectomy of femoral artery NEC
Read 7A493 Endarterectomy of popliteal artery NEC
Read 7A494 Profundoplasty femoral artery & patch repair deep fem artery
Read 7A495 Profundoplasty and patch repair of popliteal artery
Read 7A496 Profundoplasty of femoral artery NEC
Read 7A497 Profundoplasty of popliteal artery NEC
Read 7A498 Reconstruction of femoral artery with vein graft
Read 7A499 Reconstruction of popliteal artery with vein graft
Read 7A49y Reconstruction of femoral or popliteal artery OS
Read 7A49z Reconstruction of femoral or popliteal artery NOS
Read 7A4A Other open operations on femoral artery or popliteal artery
Read 7A4A0 Repair of femoral artery NEC
Read 7A4A1 Repair of popliteal artery NEC
Read 7A4A2 Open embolectomy of femoral artery
Read 7A4A211 Open thrombectomy of femoral artery
Read 7A4A212 Open femoral embolectomy
Read 7A4A3 Open embolectomy popliteal artery
Read 7A4A311 Open thrombectomy of popliteal artery
Read 7A4A7 Repair of femoral artery with temporary silastic shunt
Read 7A4A8 Repair of popliteal artery with temporary silastic shunt
Read 7A4Ay Other open operation on femoral or popliteal artery OS
Read 7A4B0 Percutaneous transluminal angioplasty of femoral artery
Read 7A4B1 Percutaneous transluminal angioplasty of popliteal artery
Read 7A4B2 Percutaneous transluminal embolectomy of femoral artery
Read 7A4B3 Percutaneous transluminal embolectomy of popliteal artery
Read 7A4B4 Percutaneous transluminal embolisation of femoral artery
Read 7A4B5 Percutaneous transluminal embolisation of popliteal artery
Read 7A4B8 Percut translum thrombolysis femoral graft streptokinase
Read 7A4B9 Percutaneous transluminal insertion of stent femoral artery
Read 7A50 Revision of reconstruction of artery
Read 7A500 Revision of reconstruction involving aorta
Read 7A501 Revision of reconstruction involving iliac artery
Read 7A502 Revision of reconstruction involving femoral artery
Read 7A503 Revision of reconstruction of popliteal artery
Read A3A0F Gas gangrene-foot
Read C107 Diabetes mellitus with peripheral circulatory disorder
Read C1070 Diabetes mellitus, juvenile +peripheral circulatory disorder
Read C1071 Diabetes mellitus, adult, + peripheral circulatory disorder
Read C1073 IDDM with peripheral circulatory disorder
Read C1074 NIDDM with peripheral circulatory disorder
Read C107z Diabetes mellitus NOS with peripheral circulatory disorder

PAD
Read C108G Insulin dependent diab mell with peripheral angiopathy
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Read C109F Non-insulin-dependent d m with peripheral angiopath
Read C109F11 Type II diabetes mellitus with peripheral angiopathy
Read C109F12 Type 2 diabetes mellitus with peripheral angiopathy
Read C10EG Type 1 diabetes mellitus with peripheral angiopathy
Read C10FF Type 2 diabetes mellitus with peripheral angiopathy
Read G700 Aorto-iliac disease
Read G702 Extremity artery atheroma
Read G702z Extremity artery atheroma NOS
Read G73 Other peripheral vascular disease
Read G731 Thromboangiitis obliterans
Read G7310 Buerger's disease
Read G731z Thromboangiitis obliterans NOS
Read G732 Peripheral gangrene
Read G7320 Gangrene of toe
Read G7321 Gangrene of foot
Read G733 Ischaemic foot
Read G73y Other specified peripheral vascular disease
Read G73y0 Diabetic peripheral angiopathy
Read G73y1 Peripheral angiopathic disease EC NOS
Read G73y2 Acrocyanosis
Read G73y4 Acroparaesthesia - Schultze's type
Read G73y5 Acroparaesthesia - Nothnagel's type
Read G73y511 Nothnagel's vasomotor acroparaesthesia
Read G73y6 Acroparaesthesia - unspecified
Read G73y7 Erythrocyanosis
Read G73y8 Erythromelalgia
Read G73yz Other specified peripheral vascular disease NOS
Read G73z Peripheral vascular disease NOS
Read G73z0 Intermittent claudication
Read G73z011 Claudication
Read G73zz Peripheral vascular disease NOS
Read G740 Aortoiliac obstruction
Read G7424 Embolism and thrombosis of the femoral artery
Read G7425 Embolism and thrombosis of the popliteal artery
Read G7426 Embolism and thrombosis of the anterior tibial artery
Read G7427 Embolism and thrombosis of the dorsalis pedis artery
Read G7429 Embolism and thrombosis of a leg artery NOS
Read G742z Peripheral arterial embolism and thrombosis NOS
Read G74y0 Embolism and/or thrombosis of the common iliac artery
Read G74y1 Embolism and/or thrombosis of the internal iliac artery
Read G74y2 Embolism and/or thrombosis of the external iliac artery
Read G74y3 Embolism and thrombosis of the iliac artery unspecified

PAD

Read Gyu74 [X]Other specified peripheral vascular diseases
Read M271 Ischaemic leg ulcer
Read M2710 Ischaemic ulcer diabetic foot
Read M2713 Arterial leg ulcer
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Read M2714 Mixed venous and arterial leg ulcer
Read R0542 [D]Gangrene of toe in diabetic
Read R0543 [D]Widespread diabetic foot gangrene
Read R0550 [D]Failure of peripheral circulation
Read R055011 [D]Peripheral circulatory failure
ICD-10 I731 Thromboangiitis obliterans [Buerger]
ICD-10 I738 Other specified peripheral vascular diseases
ICD-10 I739 Peripheral vascular disease, unspecified
ICD-10 I743 Embolism and thrombosis of arteries of lower extremities
ICD-10 I744 Embolism and thrombosis of arteries of extremities, unspecified
ICD-10 I745 Embolism and thrombosis of iliac artery
OPCS-4 L50 Other emergency bypass of iliac artery
OPCS-4 L51 Other bypass of iliac artery
OPCS-4 L52 Reconstruction of iliac artery
OPCS-4 L530 Other open operations on iliac artery
OPCS-4 L531 Repair of iliac artery NEC
OPCS-4 L532 Open embolectomy of iliac artery
OPCS-4 L541 Percutaneous transluminal angioplasty of iliac artery
OPCS-4 L542 Percutaneous transluminal embolectomy of iliac artery
OPCS-4 L544 Percutaneous transluminal insertion of stent into iliac artery
OPCS-4 L548 Other specified transluminal operations on iliac artery
OPCS-4 L549 Unspecified transluminal operations on iliac artery
OPCS-4 L58 Other emergency bypass of femoral artery
OPCS-4 L59 Other bypass of femoral artery
OPCS-4 L60 Reconstruction of femoral artery
OPCS-4 L620 Other open operations on femoral artery
OPCS-4 L621 Repair of femoral artery NEC
OPCS-4 L622 Open embolectomy of femoral artery
OPCS-4 L628 Other specified other open operations on femoral artery
OPCS-4 L629 Unspecified other open operations on femoral artery
OPCS-4 L631 Percutaneous transluminal angioplasty of femoral artery
OPCS-4 L632 Percutaneous transluminal embolectomy of femoral artery
OPCS-4 L633 Percutaneous transluminal embolisation of femoral artery
OPCS-4 L635 Percutaneous transluminal insertion of stent into femoral artery
OPCS-4 L650 Revision of reconstruction of artery
OPCS-4 L651 Revision of reconstruction involving aorta
OPCS-4 L652 Revision of reconstruction involving iliac artery
OPCS-4 L653 Revision of reconstruction involving femoral artery

CAD ICD-10 I20 Angina pectoris

CAD

ICD-10 I21 Acute myocardial infarction
ICD-10 I22 Subsequent myocardial infarction
ICD-10 I23 Certain current complications following acute myocardial infarction
ICD-10 I24 Other acute ischaemic heart diseases
ICD-10 I25 Chronic ischaemic heart disease
Read 14AL H/O: Treatment for ischaemic heart disease
Read G310 Dressler’s syndrome
Read G33z5 Post infarct angina
Read 889A Diab mellit insulin-glucose infus acute myocardial infarct
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Read 6A2 Coronary heart disease annual review
Read 6A4 Coronary heart disease review
Read 8B3k Coronary heart disease medication review
Read 8H2V Admit ischaemic heart disease emergency
Read G3 Ischaemic heart disease
Read G31 Other acute and subacute ischaemic heart disease
Read G3110 Myocardial infarction aborted
Read G311011 MI - myocardial infarction aborted
Read G31y Other acute and subacute ischaemic heart disease
Read G31y2 Subendocardial ischaemia
Read G31y3 Transient myocardial ischaemia
Read G31yz Other acute and subacute ischaemic heart disease NOS
Read G34 Other chronic ischaemic heart disease
Read G340 Coronary atherosclerosis
Read G344 Silent myocardial ischaemia
Read G34y Other specified chronic ischaemic heart disease
Read G34y1 Chronic myocardial ischaemia
Read G34yz Other specified chronic ischaemic heart disease NOS
Read G34z Other chronic ischaemic heart disease NOS
Read G34z0 Asymptomatic coronary heart disease
Read G3y Other specified ischaemic heart disease
Read G3z Ischaemic heart disease NOS
Read Gyu3 [X]Ischaemic heart diseases
Read Gyu32 [X]Other forms of acute ischaemic heart disease
Read Gyu33 [X]Other forms of chronic ischaemic heart disease
Read G300 Acute anterolateral infarction
Read G301 Other specified anterior MI
Read G3010 Acute anteroapical infarction
Read G3011 Acute anteroseptal infarction
Read G301z Anterior MI NOS
Read G302 Acute inferolateral infarction
Read G303 Acute inferoposterior infarction
Read G304 Posterior MI NOS
Read G305 Lateral MI NOS
Read G306 True posterior MI

CAD

Read G307 Acute subendocardial infarction
Read G3070 Acute non-Q wave infarction
Read G3071 Acute non-ST segment elevation MI
Read G308 Inferior MI NOS
Read G309 Acute Q-wave infarct
Read G30A Mural thrombosis
Read G30B Acute posterolateral MI
Read G30X Acute transmural MI of unspecif site
Read G30X0 Acute ST segment elevation MI
Read G30y Other acute MI
Read G30z Acute MI NOS
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Read G311 Unstable angina
Read G3112 Angina at rest
Read G3113 Refractory angina
Read G3114 Worsening angina
Read G3115 Acute coronary syndrome
Read G31y0 Acute coronary syndrome
Read G33 Angina pectoris
Read G33z Angina pectoris NOS
Read G33z3 Angina on effort
Read G33z4 Ischaemic chest pain
Read G33zz Angina pectoris NOS
Read G3400 Single coronary vessel disease
Read G3401 Double coronary vessel disease
Read G70y011 Carotid artery disease
Read G30 Acute MI
Read G32 Old MI
Read G32 Old MI

ICD-10, International Classification of Disease, 10th Version; BNF, British National Formulary; PAD, peripheral arterial
disease; CAD, coronary artery disease; HF, heart failure; ACEi, angiotensin-converting-enzyme inhibitor (ACEi); ARB,
angiotensin II receptor blocker (ARB); LD, loop diuretic; MRA, mineralocorticoid receptor antagonists.
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Table S3: ICD-10 and Greater Glasgow and Clyde NHS formatted Read Codes used to identify

patients with heart failure.

Code Type Code Description Conrad et al Included
ICD-10 I50 Heart Failure 1 1
ICD-10 I420 Dilated cardiomyopathy (congestive cardiomyopathy 1 1

ICD-10 I429
Cardiomyopathy, unspecified (Cardiomyopathy
(primary)(secondary) NOS) 1 1

ICD-10 I110 Hypertensive heart disease with (congestive) heart failure 1 1
ICD-10 I255 Ischaemic cardiomyopathy 1 1

ICD-10 I132
Hypertensive heart and renal disease with both (congestive) heart
failure and renal failure 1 1

ICD-10 I130
Hypertensive heart and renal disease with (congestive) heart
failure 1 1

Read 585f Echocardiogram shows left ventricular systolic dysfunction 1 1
Read G58 Heart Failure 1 1
Read G581 Left ventricular failure 1 1
Read 662g NYHA classification class II 1 1
Read 662f NYHA classification - class I 1 1
Read G5yy9 Left ventricular systolic dysfunction 1 1
Read G580 Congestive heart failure 1 1
Read 662h NYHA classification- class III 1 1
Read 9hH1 Excepted heart failure quality indicators: informed dissent 1 1
Read 9hH0 Excepted heart failure quality indicators: patient unsuitable 1 1
Read 21264 Heart Failure resolved 1 1
Read G5802 Decompensated cardiac failure 1 1
Read G58z Heart failure NOS 1 1
Read 662i NYHA classification - class IV 1 1
Read G5801 Chronic congestive heart failure 1 1
Read 8HHb Referral to heart failure nurse 1 1
Read G5810 Acute left ventricular failure 1 1
Read G343 Ischaemic cardiomyopathy 1 1
Read G582 Acute heart failure 1 1
Read G5800 Acute congestive heart failure 0 1
Read G583 Heart failure with normal ejection fraction 1 1
Read 585g Echocardiogram shows left ventricular diastolic dysfunction 1 1
Read G584 Right ventricular failure 1 1
Read G5yyA Left ventricular diastolic dysfunction 1 1
Read G5544 Primary dilated cardiomyopathy 1 1
Read G55z Cardiomyopathy NOS 1 1
Read G5803 Compensated cardiac failure 1 1
Read G5804 Congestive heart failure due to valvular disease 1 1
Read G555 Alcoholic cardiomyopathy 1 1
Read G551 Hypertrophic obstructive cardiomyopathy 1 1
Read G5yyD Left ventricular cardiac dysfunction 1 1
Read 9hH Exception reporting heart failure quality indicators 1 1
Read G1yz1 Pneumatic left ventricular failure 1 1
Read 679X Heart failure education 1 1
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Read 8HBE Heart failure follow-up 1 1
Read 1O1 Heart failure confirmed 1 1
Read 8H2S Admit heart failure emergency 1 1
Read 8CMK Has heart failure management plan 1 1
Read 9Or5 Heart failure monitoring third letter 1 1
Read 9Or3 Heart failure monitoring first letter 1 1
Read 9Or4 Heart failure monitoring second letter 1 1
Read 9Or2 Heart failure monitoring verbal invite 1 1
Read 9Or Heart failure monitoring administration 1 1
Read 9Or1 Heart failure monitoring telephone invite 1 1
Read 8HgD Discharge from heart failure nurse service 1 1
Read 8HHz Referral to heart failure exercise programme 1 1
Read 8CL3 Heart failure care plan discussed with patient 1 1
Read 8IE1 Referral to heart failure exercise program declined 1 1
Read 8IB8 Referral to heart failure exercise program not indicated 1 1
Read 8CeC Preferred place of care for next exacerbation heart failure 1 1
Read G55 Cardiomyopathy 1 1
Read G5540 Congestive Cardiomyopathy 1 1
Read G559 Arrhythmogenic right ventricular cardiomyopathy 1 1
Read 33BA Impaired left ventricular function 1 1
Read G41z Chronic cor pulmonale 1 1
Read G5543 Hypertrophic non-obstructive cardiomyopathy 1 1
Read G55y Secondary cardiomyopathy NOS 1 1
Read G5542 Familial cardiomyopathy 1 1
Read 8CMW8 Heart failure clinical pathway 1 1
Read G5581 Cardiomyopathy in myotonic dystrophy 1 1
Read Gyu5M [X] Other hypertrophic cardiomyopathy 1 1
Read G2111 Benign hypertensive heart disease with CCF 1 1
Read G21z1 Hypertensive heart disease NOS with CCF 1 1

Read G232
hypertensive heart and renal disease with (congestive) heart
failure 1 1

Read 662T Congestive heart failure monitoring 1 1
Read 662W Heart failure annual review 1 1
Read 662p Heart failure 6 month review 1 1
Read 9On Left ventricular dysfunction monitoring administration 1 1
Read 9On0 Left ventricular dysfunction monitoring 1st letter 1 1
Read 9On1 Left ventricular dysfunction monitoring 2nd letter 1 1
Read 9On2 Left ventricular dysfunction monitoring 3rd letter 1 1
Read 9On3 Left ventricular dysfunction monitoring verbal invite 1 1
Read 9On4 Left ventricular dysfunction monitoring telephone invite 1 1
Read 9N4s Did not attend practice nurse heart failure clinic 1 1
Read 8B29 Cardiac failure therapy 1 1
Read 23E1 O/E -pulmonary oedema 1 1
Read 9h1 Exception reporting: LVD quality indicators 1 1
Read 9h12 Excepted from LVD quality indicators: informed dissent 1 1
Read 9h11 Excepted from LVD quality indicators: Patient unsuitable 1 1
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Read 14A6 H/O: heart failure 1 1
Read 14AM H/O: heart failure in last year 1 1
Read 8HTL0 Referral to rapid access heart failure clinic 1 1
Read 8IE0 Referral to heart failure education group declined 1 1
Read G234 Hyperten heart & renal dis + both (congestv) heart and renal fail 0 1
Read 12CR HF: Hypertrophic obstructive cardiomyopathy 1 1
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Table S4: Greater Glasgow and Clyde formatted Read Codes used to exclude heart failure

cases where the code refers to an existing diagnosis after 31st December 2012.

Code Description Conrad et al Included
9N4s Did not attend practice nurse heart failure clinic 1 1
8B29 Cardiac failure therapy 1 1
679X Heart failure education 1 1
8HHb Referral to heart failure nurse 1 1
23E1 O/E – pulmonary oedema 1 1
9hH Exception reporting: heart failure quality indicators 1 1
9hH0 Excepted heart failure quality indicators: Patient unsuitable 1 1
9h1 Exception reporting: LVD quality indicators 1 1
9h11 Exception from LVD quality indicators: Patient unsuitable 1 1
9h12 Exception from LVD quality indicators: Informed dissent 1 1
14A6 H/O: heart failure 1 1
14AM H/O: Heart failure in last year 1 1
662p Heart failure 6 month review 1 1
662T Congestive heart failure monitoring 1 1
662W Heart failure annual review 1 1
8CL3 Heart failure care plan discussed with patient 1 1
8HBE Heart failure follow-up 1 1
8HHz Referral to heart failure exercise programme 1 1
8Hk0 Referred to heart failure education group 1 1
9hH1 Excepted heart failure quality indicators: Informed dissent 1 1
9Or Heart failure monitoring administration 1 1
9Or0 Heart failure review completed 1 1
9Or1 Heart failure monitoring telephone invite 1 1
9Or2 Heart failure monitoring verbal invite 1 1
9Or3 Heart failure monitoring first letter 1 1
9Or4 Heart failure monitoring second letter 1 1
9Or5 Heart failure monitoring third letter 1 1
9On Left ventricular dysfunction monitoring administration 1 1
9On0 Left ventricular dysfunction monitoring first letter 1 1
9On1 Left ventricular dysfunction monitoring second letter 1 1
9On2 Left ventricular dysfunction monitoring third letter 1 1
9On3 Left ventricular dysfunction monitoring verbal invite 1 1
9On4 Left ventricular dysfunction monitoring telephone invite 1 1
2126400 Heart Failure Resolved 1 1
21264 Heart Failure Resolved 1 1
8HgD Discharged from heart failure nurse service 1 1
8HTL000 Referral to rapid access heart failure clinic 1 1
8HTL0 Referral to rapid access heart failure clinic 1 1
8IB8 Referral to heart failure exercise programme not indicated 1 1
8IE1 Referral to heart failure excursive programme declined 1 1
81E0 Referral to heart failure education group declined 1 1
12CR FH: Hypertrophic obstructive cardiomyopathy 1 1
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Table S5: Prescribed medication classifications, categories each medication was assigned to,

the portion of the BNF code used to select for said category, and the description of the BNF

selection code.

Category
BNF
selection code Description

ACEi 0205051 Angiotensin converting enzyme
Antiplatelet 0209 Antiplatelet

ARB 0205052
0206020Z0

Angiotensin receptor blockers
Valsartan/Amlodipine

Beta-blocker 0204 Beta-adrenergic blocking agents
Bronchodilators 0301 Bronchodilators

B12 0901020D0 Cyanocobalamin
0901020N0 Hydroxocobalamin

Calcium-channel blockers

020602
0205052AB
0205052AC

Calcium-channel blockers
Olmesartan medoxomil/amlodipine
Olmesartan medoxomil/amlodipine/hydrochlorothiazide

0206020C0
0206020T0

Diltiazem hydrochloride
Verapamil hydrochloride

Digoxin 0201010F Digoxin

Hypoglycemics 060101 Insulin
060102 Other hypoglycaemics

Folate 0901020G0 Folic Acid
Lipid-regulating 0212 Lipid-regulating

Loop diuretics

020202
0202040D0
0202040B0
0202040T0
0202040U0
0202080D0
0202080C0
0202080K0

Loop diuretics
Amiloride HCI with loop diuretics
Co-amilofruse (Amiloride hydrochloride/furosemide)
Spironolactone with loop diuretics
Triamterene with loop diuretics
Bumetanide/Amiloride hydrochloride
Bumetanide/potassium
Furosemide/potassium

Low dose aspirin
0202000A0
0204000AC
0209000V0

Aspirin
Bisoprolol fumarate/aspirin
Dipyridamole and Aspirin

MRA

0202030X0
0202030S0
0202040G0
0202040T0
0202040S0

Eplerenone
Spironolactone
Co-flumactone(Hydroflumethiazide/spironolactone)
Spironolactone with loop diuretics
Spironolactone with thiazides

NSAIDs 100101 NSAIDs
Oral anticoagulants 020802 Oral anticoagulants

Oral Iron

0901011C0 Compound iron prescriptions
0901011Y0 Ferric maltol
0901011X0 Ferrous calcium citrate
0901011F0 Ferrous fumarate
0901011H0 Ferrous gluconate
0901011K0 Ferrous glycine sulphate
0901011P0 Ferrous sulphate

PPI 010305 Proton pump inhibitors
H2 antagonists 010301 H2-Receptro Antagonists
BNF, British National Formulary; ACEi, Angiotensin-converting enzyme inhibitors; ARB, Angiotensin II receptor blocker; MRA,
Mineralocorticoid receptor antagonists; NSAIDs, non-steroidal anti inflammatory drugs
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Table S6: Characteristics of those without heart failure – Survivors at 31/12/2014
(all data listed on or before 31/12/2014 unless stated otherwise)

WHO anaemia Class
(Nadir 2013 to 2014)

No Hb
measured

>4
above

3-4
above

1-3 above 0-1 above 0-1 below 1-2 below >2 below

N= 40,740
(24%)

1,374
(1%)

6,325
(4%)

55,166
(32%)

34,025
(20%)

17,462
(10%)

9,308
(5%)

8,540
(5%)

Age (years) in 2013 62
(56-70)

62
(55-69)

62
(56-69)

64
(57-72)

67
(59-76)

71
(62-79)

73
(64-80)

73
(65-81)

Sex (women) 20,606
(51%)

448
(33%)

2,498
(39%)

29,812
(54%)

20,848
(61%)

10,927
(63%)

5,592
(60%)

4,549
(53%)

Diabetes or
Hypoglycaemic
Therapy

4,671
(11%)

239
(17%)

1,090
(17%) 9,847 (18%)

7,019
(21%)

4,313
(25%)

2,569
(28%)

2,411
(28%)

IHD 4,741
(12%)

230
(17%)

1,108
(18%)

11,232
(20%)

8,589
(25%)

4,973
(28%)

2,861
(31%)

2,692
(32%)

COPD 2,430
(6%)

214
(16%)

818
(13%) 6,524 (12%)

4,729
(14%)

2,927
(17%)

1,767
(19%)

1,765
(21%)

eGFR (last available) 82
(72-93)

82
(71-94)

82
(72-93)

81
(70-92)

78
(67-90)

74
(62-87)

72
(57-87)

73
(58-88)

GI disease
679 (2%) 38 (3%) 158 (2%) 1,609 (3%) 1,370 (4%) 923 (5%) 700 (8%)

1,071
(13%)

Any cancer prior to
2013

1,472
(4%) 58 (4%) 246 (4%) 2,960 (5%) 2,377 (7%)

1,555
(9%)

1,011
(11%)

1,101
(13%)

Any incident cancer
2013/14 49 (0%) 11 (1%) 44 (1%) 577 (1%) 630 (2%) 618 (4%) 537 (6%) 910 (11%)

ECG (last result prior to 1st January 2015)
AF/Flutter

222/3,271
(7%)

45/361
(12%)

138/1,53
6

(9%)

1,118/15,52
6

(7%)
887/11,776

(8%)
604/7,276

(8%)
410/4,413

(9%)
466/4,863

(10%)
Haemoglobin prior to 1st January 2013

Hb 4g/dL above WHO
296 (1%)

271
(26%) 266 (5%) 197 (0%) 35 (0%) 18 (0%) <6 (NA%) 13 (0%)

Hb 3-4g/dL above
WHO

1,439
(6%)

360
(35%)

1,401
(29%) 1,813 (4%) 162 (1%) 96 (1%) 30 (0%) 31 (0%)

Hb 1-3g/dL above
WHO

12,165
(52%)

324
(31%)

2,794
(57%)

29,661
(65%)

7,586
(25%)

1,866
(12%) 810 (9%) 718 (9%)

Hb 0-1g/dL above
WHO

5,835
(25%) 28 (3%) 250 (5%)

10,049
(22%)

13,954
(47%)

4,799
(30%)

1,537
(18%)

1,168
(15%)

Anaemia prior to 2013
(% of those tested)

3,726
(16%) 53 (5%) 203 (4%) 4,243 (9%)

8,265
(28%)

9,226
(58%)

6,238
(72%)

5,850
(75%)

Haematinic profile (Between 2013 and 2014)
Ferritin (median
(Q1-Q3))

107
(62-197)

158
(86-291)

128
(75-217)

96
(52-171)

74
(38-141)

61
(26-133)

47
(18-123)

35
(12-120)

Iron (median (Q1-Q3)) 16
(12-20)

18
(15-23)

19
(14-24)

16
(12-20)

14
(10-18)

11
(8-16)

9
(6-13)

7
(4-12)

Transferrin (median
(Q1-Q3))

2.4
(2.1-2.7)

2.3
(2.1-2.6)

2.5
(2.1-2.7)

2.4
(2.2-2.7)

2.4
(2.0-2.7)

2.3
(2.0-2.7)

2.3
(2.0-2.8)

2.3
(1.8-2.8)

TSAT (median (Q1-Q3)) 28
(22-34)

29
(26-37)

30
(22-38)

26
(20-33)

22
(15-31)

19
(12-27)

16
(10-22)

12
(6-21)

B12 (median (Q1-Q3))
313

(234-433)

335
(249-446

)

350
(265-464

)
344

(259-456)
336

(252-461)
328

(244-447)
320

(238-438)
316

(230-449)
Folate (median
(Q1-Q3))

5.7
(4.0-7.8)

3.9
(2.7-6.0)

4.4
(3.1-6.7)

4.9
(3.3-7.4)

5.0
(3.5-7.8)

4.9
(3.3-7.4)

4.7
(3.2-7.5)

4.4
(2.9-7.0)
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Serum sodium
139

(137-140)

138
(137-140

)

138
(137-140

)
138

(137-140)
138

(136-139)
137

(134-139)
136

(133-138)
135

(132-137)
Albumin 38

(36-40)
38

(36-40)
38

(36-40)
37

(36-39)
36

(34-38)
35

(33-37)
34

(31-36)
31

(27-35)
Prescriptions (on 1st January 2015)

Iron (oral)
149 (0%)

<6
(NA%) 26 (0%) 493 (1%) 887 (3%)

1,314
(8%)

1,717
(18%)

2,901
(34%)

B12 259 (1%) 18 (1%) 72 (1%) 941 (2%) 1,054 (3%) 825 (5%) 632 (7%) 704 (8%)
Folate

272 (1%) 59 (4%) 189 (3%) 1,807 (3%) 1,889 (6%)
1,663
(10%)

1,370
(15%)

1,690
(20%)

Loop diuretics 1,632
(4%) 87 (6%) 382 (6%) 4,197 (8%)

3,843
(11%)

2,593
(15%)

1,775
(19%)

1,911
(22%)

ACEi/ARB 18,629
(46%)

681
(50%)

3,285
(52%)

28,782
(52%)

18,284
(54%)

9,578
(55%)

5,076
(55%)

4,242
(50%)

BB 11,367
(28%)

412
(30%)

1,991
(31%)

18,206
(33%)

12,061
(35%)

6,092
(35%)

3,265
(35%)

2,962
(35%)

MRA
115 (0%)

14 (1%) 35 (1%) 337 (1%) 311 (1%) 188 (1%) 142 (2%) 248 (3%)

Antiplatelets 8,303
(20%)

417
(30%)

1,907
(30%)

18,245
(33%)

13,503
(40%)

7,892
(45%)

4,439
(48%)

3,986
(47%)

OAC
890 (2%) 95 (7%) 312 (5%) 2,813 (5%) 2,043 (6%)

1,210
(7%) 751 (8%) 746 (9%)

NSAID 4,889
(12%)

182
(13%)

863
(14%) 8,641 (16%)

5,647
(17%)

2,793
(16%)

1,436
(15%)

1,140
(13%)

Insulin 559 (1%) 14 (1%) 86 (1%) 942 (2%) 874 (3%) 666 (4%) 422 (5%) 394 (5%)
Other hypoglycaemics 2,985

(7%)
148
(11%)

685
(11%) 6,491 (12%)

4,897
(14%)

3,217
(18%)

1,914
(21%)

1,746
(20%)

PPI/H2 antagonists 12,745
(31%)

540
(39%)

2,769
(44%)

27,565
(50%)

19,986
(59%)

11,350
(65%)

6,565
(71%)

6,472
(76%)

Deaths 2015-2018
All 2,340

(6%)
134
(10%) 454 (7%) 3,631 (7%)

3,648
(11%)

2,940
(17%)

2,286
(25%)

2,827
(33%)

Age at death 79
(70-87)

74
(66-81)

75
(67-83)

78
(70-86)

82
(74-88)

83
(76-89)

83
(76-89)

82
(74-88)

Cancer
702 (30%) 32 (24%)

136
(30%) 1,126 (31%) 991 (27%) 751 (26%) 598 (26%) 977 (35%)

GI cancer 195 (8%) 7 (5%) 36 (8%) 266 (7%) 253 (7%) 176 (6%) 132 (6%) 302 (11%)
CVD

692 (30%) 41 (31%)
122
(27%) 1,022 (28%)

1,016
(28%) 780 (27%) 598 (26%) 613 (22%)

Neuro 288 (12%) 8 (6%) 31 (7%) 448 (12%) 575 (16%) 515 (18%) 368 (16%) 355 (13%)
Chronic Resp 182 (8%) 26 (19%) 77 (17%) 408 (11%) 408 (11%) 315 (11%) 250 (11%) 277 (10%)
Infection 197 (8%) 15 (11%) 38 (8%) 272 (7%) 289 (8%) 272 (9%) 214 (9%) 282 (10%)
Other 279 (12%) 12 (9%) 50 (11%) 355 (10%) 369 (10%) 307 (10%) 258 (11%) 323 (12%)

Abbreviations – IHD: ischaemic heart disease; COPD: chronic obstructive pulmonary disease; eGFR: estimated

glomerular filtration rate; GI: gastrointestinal; ECG: electrocardiogram; AF: atrial fibrillation; ACEi/ARB:

angiotensin converting enzyme inhibitor/angiotensin receptor blocker; BB: beta-blocker; MRA:

mineralocorticoid receptor antagonist; OAC: oral anticoagulant; NSAID: non-steroidal anti-inflammatory drugs;

PPI: proton pump inhibitors; CVD: cardiovascular disease.

Presented as number and (%) or median and (Q1-Q3) for continuous variables.

Sodium-glucose Co-transporter 2 inhibitors were used in ≤1% of individuals in all categories

Blood results reported are the nadir result unless otherwise stated. The presence of any of anaemia or

AF/flutter are reported.
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Table S7: Characteristics of those with incident heart failure – Survivors at 31/12/2014
(all data listed on or before 31/12/2014 unless stated otherwise)

WHO anaemia Class
(Nadir 2013 to 2014)

No Hb
measured

>4
above

3-4
above

1-3
above

0-1
above

0-1
below

1-2
below

>2 below

N= 72
(3%)

13
(0%)

69
(2%)

582
(21%)

622
(22%)

483
(17%)

390
(14%)

545
(20%)

Age (years) in 2013 68
(62-76)

68
(59-75)

66
(56-74)

67
(60-75)

72
(63-80)

75
(67-82)

77
(70-84)

77
(70-83)

Sex (women)
23 (32%) 7 (54%) 15 (22%)

226
(39%)

301
(48%)

252
(52%)

218
(56%)

249
(46%)

Diabetes
17 (24%)

<6
(NA%)

<6
(NA%)

107
(18%)

140
(23%)

120
(25%)

112
(29%)

175
(32%)

IHD
52 (72%)

<6
(NA%) 34 (49%)

359
(62%)

405
(65%)

316
(65%)

246
(63%)

344
(63%)

COPD
13 (18%) 6 (46%) 16 (23%)

144
(25%)

191
(31%)

134
(28%)

107
(27%)

183
(34%)

eGFR (last available) 80
(66-89)

78
(68-89)

77
(65-96)

76
(65-89)

72
(59-86)

67
(52-81)

62
(49-78)

62
(47-77)

GI disease
<6 (NA%) 0 (0%)

<6
(NA%) 28 (5%) 36 (6%) 23 (5%) 21 (5%) 70 (13%)

Any cancer prior to 2013
<6 (NA%) 0 (0%)

<6
(NA%) 31 (5%) 50 (8%) 33 (7%) 37 (9%) 59 (11%)

Any incident cancer
2013/14 0 (0%) 0 (0%) 0 (0%) <6 (NA%) 17 (3%) 14 (3%) 18 (5%) 62 (11%)

ECG (last result prior to 1st January 2015)

AF/Flutter <6/20
(NA%)

<6/8
(NA%)

15/49
(31%)

139/408
(34%)

115/426
(27%)

104/362
(29%)

77/277
(28%)

130/442
(29%)

Haemoglobin prior to 1st January 2013

Hb 4g/dL above WHO
<6 (NA%) NA

<6
(NA%) 10 (2%) <6 (NA%) NA NA NA

Hb 3-4g/dL above WHO
<6 (NA%)

<6
(NA%) 17 (36%) 38 (8%) 11 (2%) <6 (NA%) <6 (NA%) <6 (NA%)

Hb 1-3g/dL above WHO
10 (22%)

<6
(NA%) 19 (40%)

272
(60%)

202
(39%)

111
(27%) 51 (14%) 57 (12%)

Hb 0-1g/dL above WHO
16 (35%) NA

<6
(NA%) 79 (18%)

164
(31%)

130
(31%) 79 (22%) 78 (16%)

Anaemia prior to 2013 (%
of those tested) 14 (30%) NA

<6
(NA%) 52 (12%)

139
(27%)

170
(41%)

224
(63%)

358
(72%)

Haematinic profile (Between 2013 and 2014)
Ferritin (median (Q1-Q3))

298
(298-298)

113
(84-252)

164
(110-21

1)
128

(64-243)
88

(44-178)
72

(29-178)
58

(26-142)
45

(20-116)
Iron (median (Q1-Q3))

NA
13

(12-20)
14

(9-21)
12

(9-17)
10

(6-15)
9

(6-12)
8

(5-11)
6

(4-9)
Transferrin (median
(Q1-Q3)) NA

2.2
(1.9-2.8)

2.4
(2.1-3.0)

2.6
(2.3-2.8)

2.3
(2.0-2.6)

2.3
(2.0-2.7)

2.3
(2.0-2.7)

2.4
(2.0-3.0)

TSAT (median (Q1-Q3))
NA

27
(23-29)

27
(17-32)

18
(13-29)

18
(11-24)

16
(11-21)

13
(9-20)

10
(6-17)

B12 (median (Q1-Q3))

NA

412
(378-76

0)

368
(222-43

9)

338
(263-452

)

361
(274-477)

352
(258-448)

328
(248-422

)

331
(226-464

)
Folate (median (Q1-Q3))

NA
4.1

(3.0-4.8)
3.1

(2.6-4.3)
5.0

(3.3-6.9)
4.3

(2.8-6.6)
4.8

(3.3-7.3)
4.3

(2.9-6.7)
4.1

(2.9-6.3)
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Serum sodium
138

(137-140)

138
(135-14

0)

137
(135-13

8)

137
(135-139

)
136

(134-138)
135

(133-138)

135
(132-137

)

135
(131-137

)
Albumin 38

(36 - 39)
35

(33 - 37)
35

(34 - 37)
36

(33 - 38)
34

(32 - 36)
33

(31 - 35)
32

(29 - 34)
30

(27 - 33)
Prescriptions (on 1st January 2015)

Iron (oral)
<6 (NA%)

<6
(NA%) 0 (0%) 11 (2%) 17 (3%) 47 (10%) 77 (20%)

226
(41%)

B12
<6 (NA%) 0 (0%) 0 (0%) 8 (1%) 23 (4%) 21 (4%) 19 (5%) 44 (8%)

Folate
<6 (NA%)

<6
(NA%)

<6
(NA%) 20 (3%) 48 (8%) 42 (9%) 63 (16%) 98 (18%)

Loop diuretics
15 (21%) 6 (46%) 31 (45%)

285
(49%)

333
(54%)

308
(64%)

270
(69%)

399
(73%)

ACEi/ARB
44 (61%) 7 (54%) 48 (70%)

451
(77%)

447
(72%)

337
(70%)

265
(68%)

338
(62%)

BB
44 (61%)

<6
(NA%) 47 (68%)

423
(73%)

415
(67%)

332
(69%)

245
(63%)

349
(64%)

MRA

<6 (NA%)

<6

(NA%) 9 (13%) 88 (15%) 86 (14%) 90 (19%) 63 (16%) 97 (18%)

Antiplatelets
40 (56%) 6 (46%) 39 (57%)

336
(58%)

397
(64%)

300
(62%)

255
(65%)

331
(61%)

OAC
11 (15%)

<6
(NA%) 21 (30%)

201
(35%)

180
(29%)

143
(30%)

110
(28%)

150
(28%)

NSAID
7 (10%)

<6
(NA%) 7 (10%) 31 (5%) 41 (7%) 28 (6%) 19 (5%) 28 (5%)

Insulin
<6 (NA%) 0 (0%) 0 (0%) 10 (2%) 17 (3%) 21 (4%) 20 (5%) 33 (6%)

Other hypoglycaemics
9 (12%)

<6
(NA%)

<6
(NA%) 55 (9%) 96 (15%) 88 (18%) 71 (18%)

116
(21%)

PPI/H2 antagonists
26 (36%)

<6
(NA%) 26 (38%)

318
(55%)

374
(60%)

322
(67%)

305
(78%)

423
(78%)

Deaths 2015-2018

All
7 (10%)

<6
(NA%) 8 (12%) 88 (15%)

147
(24%)

162
(34%)

160
(41%)

259
(48%)

Age at death 84
(83-90)

80
(76-86)

77
(74-85)

80
(73-86)

82
(75-89)

84
(77-89)

86
(79-91)

85
(79-89)

Cancer
<6 (NA%) 0 (0%)

<6
(NA%) 16 (18%) 22 (15%) 25 (15%) 24 (15%) 46 (18%)

GI cancer
0 (0%) NA

<6
(NA%) <6 (NA%) <6 (NA%) <6 (NA%) 7 (4%) 14 (5%)

CVD
<6 (NA%)

<6
(NA%)

<6
(NA%) 33 (38%) 56 (38%) 65 (40%) 58 (36%)

105
(41%)

Neuro
<6 (NA%) 0 (0%)

<6
(NA%) 9 (10%) 18 (12%) 9 (6%) 22 (14%) 24 (9%)

Chronic Resp
0 (0%) 0 (0%)

<6
(NA%) 20 (23%) 31 (21%) 27 (17%) 23 (14%) 34 (13%)

Infection 0 (0%) 0 (0%) 0 (0%) <6 (NA%) 7 (5%) 18 (11%) 15 (9%) 28 (11%)
Other 0 (0%) 0 (0%) 0 (0%) 6 (7%) 13 (10%) 18 (11%) 18 (11%) 22 (8%)

Abbreviations – IHD: ischaemic heart disease; COPD: chronic obstructive pulmonary disease; eGFR: estimated

glomerular filtration rate; GI: gastrointestinal; ECG: electrocardiogram; AF: atrial fibrillation; ACEi/ARB:

angiotensin converting enzyme inhibitor/angiotensin receptor blocker; BB: beta-blocker; MRA:
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mineralocorticoid receptor antagonist; OAC: oral anticoagulant; NSAID: non-steroidal anti-inflammatory drugs;

PPI: proton pump inhibitors; CVD: cardiovascular disease.

Presented as number and (%) or median and (Q1-Q3) for continuous variables.

Sodium-glucose Co-transporter 2 inhibitors were used in ≤1% of individuals in all categories

Blood results reported are the nadir result unless otherwise stated. The presence of any of anaemia or

AF/flutter are reported.
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Table S8: Characteristics of those with prevalent heart failure – Survivors at 31/12/2014
(all data listed on or before 31/12/2014 unless stated otherwise)

WHO anaemia Class
(Nadir 2013 to 2014)

No Hb
measured

>4 above 3-4
above

1-3
above

0-1
above

0-1
below

1-2 below >2
below

N= 1,093
(12%) 61 (1%) 261 (3%)

2,315
(26%)

1,904
(21%)

1,402
(16%) 901 (10%)

962
(11%)

Age (years) in 2013 68
(61-76)

62
(56-70)

66
(59-74)

68
(61-76)

73
(65-80)

76
(68-81)

77
(69-82)

77
(70-83)

Sex (women)
350 (32%) 6 (10%)

68
(26%)

777
(34%)

857
(45%)

643
(46%) 402 (45%)

375
(39%)

Diabetes
216 (20%) 11 (18%) 63 (24%)

569
(25%)

461
(24%)

403
(29%) 286 (32%)

344
(36%)

IHD
747 (68%) 39 (64%)

200
(77%)

1,746
(75%)

1,481
(78%)

1,052
(75%) 695 (77%)

749
(78%)

COPD
172 (16%) 14 (23%) 68 (26%)

519
(22%)

526
(28%)

393
(28%) 274 (30%)

314
(33%)

eGFR (last available) 78
(65-91)

83
(69-94)

78
(64-90)

76
(64-90)

71
(57-85)

69
(53-84)

64
(49-79)

62
(47-77)

GI disease
37 (3%) <6 (NA%) 8 (3%) 89 (4%) 117 (6%) 84 (6%) 88 (10%)

122
(13%)

Any cancer prior to 2013
55 (5%) <6 (NA%) 15 (6%) 138 (6%)

184
(10%) 130 (9%) 116 (13%)

113
(12%)

Any incident cancer
2013/14 <6 (NA%) <6 (NA%)

<6
(NA%) 25 (1%) 30 (2%) 41 (3%) 46 (5%) 69 (7%)

ECG (last result prior to 1st January 2015)

AF/Flutter 41/204
(20%)

<6/16
(NA%)

23/79
(29%)

222/918
(24%)

185/867
(21%)

167/742
(23%)

142/537
(26%)

177/647
(27%)

Haemoglobin prior to 1st January 2013

Hb 4g/dL above WHO
17 (2%) 14 (26%) 7 (3%) 10 (0%)

<6
(NA%)

<6
(NA%) NA

<6
(NA%)

Hb 3-4g/dL above WHO
35 (4%) 20 (38%) 50 (21%) 67 (3%) 11 (1%)

<6
(NA%) <6 (NA%)

<6
(NA%)

Hb 1-3g/dL above WHO
327 (41%) 11 (21%)

132
(55%)

1,198
(56%)

356
(20%) 121 (9%) 48 (6%) 36 (4%)

Hb 0-1g/dL above WHO
178 (22%) <6 (NA%) 29 (12%)

508
(24%)

740
(41%)

346
(26%) 134 (15%) 72 (8%)

Anaemia prior to 2013 (%
of those tested) 241 (30%) 6 (11%) 20 (8%)

365
(17%)

706
(39%)

870
(65%) 684 (79%)

822
(88%)

Haematinic profile (Between 2013 and 2014)
Ferritin (median (Q1-Q3)) 128

(87-246)
146

(62-208)
122

(72-249)
109

(57-220)
85

(40-164)
72

(31-152)
54

(24-131)
43

(16-112)
Iron (median (Q1-Q3)) 18

(15-22) NA
18

(14-23)
14

(10-20)
12

(9-16)
12

(8-16)
9

(6-13)
6

(4-10)
Transferrin (median
(Q1-Q3))

2.1
(1.9-2.3) NA

2.5
(2.2-2.7)

2.5
(2.0-2.8)

2.4
(2.0-2.7)

2.3
(2.0-2.7)

2.4
(2.0-2.8)

2.3
(1.8-2.8)

TSAT (median Q1-Q3)) 33
(29-37) NA

23
(23-36)

23
(17-33)

20
(15-26)

19
(13-27)

16
(10-23)

11
(6-19)

B12 (median (Q1-Q3))
285

(192-365)

372
(276-476

)

350
(282-408

)

334
(255-447

)

322
(245-436

)

330
(244-452

)
316

(242-461)

332
(237-460

)
Folate (median (Q1-Q3)) 8.8

(5.4-11.0)
4.2

(2.7-5.6)
4.0

(3.0-5.8)
4.6

(3.3-6.8)
4.6

(3.2-7.2)
4.4

(3.2-7.0)
4.6

(3.2-7.0)
4.5

(3.1-7.2)
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Serum sodium
139

(137-140)

138
(136-139

)

138
(136-140

)

138
(136-139

)

137
(135-139

)
136

(134-38)
136

(133-138)

135
(132-137

)
Albumin 37

(36-39)
37

(35-39)
37

(35-39)
37

(35-38)
36

(33-37)
34

(32-37)
33

(30-35)
31

(28-34)
Prescriptions (on 1st January 2015)

Iron (oral)
25 (2%) 0 (0%)

<6
(NA%) 40 (2%) 77 (4%) 126 (9%) 166 (18%)

380
(40%)

B12
15 (1%) <6 (NA%)

<6
(NA%) 43 (2%) 66 (3%) 78 (6%) 62 (7%) 90 (9%)

Folate
26 (2%) <6 (NA%) 8 (3%) 95 (4%) 139 (7%)

150
(11%) 122 (14%)

223
(23%)

Loop diuretics
345 (32%) 24 (39%) 94 (36%)

945
(41%)

899
(47%)

757
(54%) 521 (58%)

640
(67%)

ACEi/ARB
818 (75%) 49 (80%)

200
(77%)

1,837
(79%)

1,483
(78%)

1,051
(75%) 609 (68%)

616
(64%)

BB
747 (68%) 42 (69%)

199
(76%)

1,645
(71%)

1,316
(69%)

891
(64%) 591 (66%)

574
(60%)

MRA

73 (7%)
6 (10%) 28 (11%)

269

(12%)

216

(11%)

201

(14%) 115 (13%)

129

(13%)

Antiplatelets
684 (63%) 33 (54%)

170
(65%)

1,482
(64%)

1,289
(68%)

887
(63%) 575 (64%)

572
(59%)

OAC
192 (18%) 19 (31%) 81 (31%)

602
(26%)

456
(24%)

375
(27%) 245 (27%)

278
(29%)

NSAID
40 (4%) <6 (NA%) 10 (4%) 134 (6%) 126 (7%) 89 (6%) 54 (6%) 57 (6%)

Insulin
29 (3%) <6 (NA%) 8 (3%) 71 (3%) 80 (4%) 76 (5%) 66 (7%) 76 (8%)

Other hypoglycaemics
132 (12%) 7 (11%) 35 (13%)

345
(15%)

299
(16%)

286
(20%) 172 (19%)

241
(25%)

PPI/H2 antagonists
427 (39%) 31 (51%)

119
(46%)

1,294
(56%)

1,210
(64%)

955
(68%) 653 (72%)

758
(79%)

Deaths 2015-2018

All
142 (13%) 7 (11%) 32 (12%)

345
(15%)

401
(21%)

376
(27%) 295 (33%)

432
(45%)

Age at death 84
(74 - 89)

59
(57 - 60)

74
(67 - 82)

81
(74 - 88)

83
(77 - 90)

84
(78 - 90)

84
(77 - 90)

83
(77 - 89)

Cancer
22 (15%) <6 (NA%)

<6
(NA%) 72 (21%) 60 (15%) 55 (15%) 47 (16%) 85 (20%)

GI cancer
8 (6%) 0 (0%)

<6
(NA%) 14 (4%) 14 (3%) 12 (3%) 14 (5%) 27 (6%)

CVD
51 (36%) <6 (NA%) 15 (47%)

129
(37%)

164
(41%)

155
(41%) 129 (44%)

149
(34%)

Neuro 22 (15%) 0 (0%) 6 (19%) 38 (11%) 47 (12%) 39 (10%) 43 (15%) 37 (9%)
Chronic Resp

15 (11%) 0 (0%)
<6

(NA%) 47 (14%) 65 (16%) 48 (13%) 32 (11%) 55 (13%)
Infection

15 (11%) 0 (0%)
<6

(NA%) 28 (8%) 37 (9%) 32 (9%) 24 (8%) 48 (11%)
Other

17 (12%) <6 (NA%)
<6

(NA%) 31 (9%) 28 (7%) 47 (12%) 20 (7%) 58 (14%)
Abbreviations – IHD: ischaemic heart disease; COPD: chronic obstructive pulmonary disease; eGFR: estimated

glomerular filtration rate; GI: gastrointestinal; ECG: electrocardiogram; AF: atrial fibrillation; ACEi/ARB:

angiotensin converting enzyme inhibitor/angiotensin receptor blocker; BB: beta-blocker; MRA:
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mineralocorticoid receptor antagonist; OAC: oral anticoagulant; NSAID: non-steroidal anti-inflammatory drugs;

PPI: proton pump inhibitors; CVD: cardiovascular disease.

Presented as number and (%) or median and (Q1-Q3) for continuous variables.

Sodium-glucose Co-transporter 2 inhibitors were used in ≤1% of individuals in all categories

Blood results reported are the nadir result unless otherwise stated. The presence of any of anaemia or

AF/flutter are reported.
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Table S9: Number and % of patients with ferritin test by haemoglobin concentration according to age and
sex

Hb
concentration
By W.H.O
grade

Sex <60
years

60-70
years

P
values:
sex

70-80
years

>80
years

P
values:
sex

P
values:
age
groups

Total
number
of
patients

>1g/dL above
Female

754
(6%)

630
(6%) p<0.001

560
(7%)

436
(11%)

p<0.001 p<0.001
34,907

Male
592
(5%)

496
(4%)

349
(5%)

131
(7%) 33,008

0-1g/dL above
Female

559
(9%)

568
(9%)

P<0.001 766
(12%)

614
(14%)

p<0.001 p<0.001
23,059

Male
327
(8%)

391
(8%)

347
(8%)

210
(11%) 15,236

0-1g/dL below
Female

487
(21%)

607
(22%)

p=0.003 958
(24%)

913
(24%)

p=0.784 p<0.007
12,933

Male
360
(25%)

566
(24%)

687
(25%)

388
(23%) 8,294

1-2g/dL below
Female

388
(40%)

605
(42%)

p<0.001 1,014
(45%)

1,114
(44%)

P<0.001 p=0.01
7,213

Male
266
(35%)

432
(33%)

632
(35%)

462
(34%) 5,218

>2g/dL below
Female

424
(49%)

668
(52%)

p=0.019 1,188
(55%)

1,327
(56%)

p<0.001 p=0.005
6,695

Male
416
(46%)

775
(48%)

1,135
(46%)

967
(49%) 6,946

Abbreviations:- Hb: haemoglobin

In comparing differences in testing patterns between age groups (<70 years vs ≥70 years), the total

number of patients in each age group, irrespective of sex, were compared.

In comparing differences in testing patterns between patients’ sex, age groups were combined to

compare testing patterns in those <70 years and those ≥70 years.
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Table S10: Number and % of patients with TSAT test by haemoglobin concentration according to age
and sex

Hb
concentration
By W.H.O
grade

Sex <60
years

60-70
years

P
values:
sex

70-80
years

>80
years

P
values:
sex

P
values:
age
groups

Total
number
of
patients

>1g/dL above
Female

157
(1%)

144
(1%)

p = 1 111
(1%)

112
(3%)

P=0.39 p<0.001
34,907

Male
178
(1%)

152
(1%)

91
(1%)

44
(2%) 33,008

0-1g/dL above
Female

104
(2%)

113
(2%)

p=0.002 156
(2%)

173
(4%)

p=0.006 p<0.001
23,059

Male
107
(3%)

112
(2%)

84
(2%)

57
(3%) 15,236

0-1g/dL below
Female

91
(4%)

137
(5%)

p<0.001 225
(6%)

239
(6%)

p=0.75 p<0.001
12,933

Male
98
(7%)

142
(6%)

165
(6%)

106
(6%) 8,294

1-2g/dL below
Female

111
(12%)

161
(11%)

p=1 294
(13%)

403
(16%)

P<0.001 p=0.01
7,213

Male
82
(11%)

154
(12%)

188
(11%)

152
(11%) 5,218

>2g/dL below
Female

172
(20%)

265
(21%)

p=0.838 434
(20%)

556
(23%)

p=0.13 p=0.39
6,695

Male
195
(22%)

324
(20%)

472
(19%)

434
(22%) 6,946

Abbreviations:- Hb: haemoglobin

In comparing differences in testing patterns between age groups (<70 years vs ≥70 years), the total

number of patients in each age group, irrespective of sex, were compared.

In comparing differences in testing patterns between patients’ sex, age groups were combined to

compare testing patterns in those <70 years and those ≥70 years.
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Figure S1: STROBE diagram of included participants. Exclusions with number and (%) of each are

presented in boxes on the right-hand panel. Panels on the left indicate the year(s) of each part of the

study.
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Figure S2: Cumulative incidence plots of rates of re-testing of haemoglobin (black) and all-cause

mortality (red) following a diagnosis of severe anaemia (<2g/dL below W.H.O.) between 2013/14 in

those without a history of heart failure.
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Figure S3: Cumulative incidence plots of rates of re-testing of haemoglobin (black) and all-cause

mortality (red) following a diagnosis of severe anaemia (<2g/dL below W.H.O.) between 2013/14 in

those with incident heart failure.
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Figure S4: Cumulative incidence plots of rates of re-testing of haemoglobin (black) and all-cause

mortality (red) following a diagnosis of severe anaemia (<2g/dL below W.H.O.) between 2013/14 in

those with prevalent heart failure.
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C

Figure S6: Forest plots showing all-cause mortality from 1st January 2015 to 31st March 2018 in surviving

patients with incident heart failure during 2013/14 according to concentrations of serum ferritin (A) (Not

measured; >300 μg/L; 100-300 μg/L; 30-100 μg/L; <30 μg/L), serum iron (B) (Not measured; >30 μmol/L; 20-30

μmol/L; 17-20 μmol/L; 14-17 μmol/L; 10-14 μmol/L; <10 μmol/L) and transferrin saturation (TSAT) (C) (Not

measured; ≥50%; 40-49%; 30-39%; 20-29%; 10-19%; <10%).
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Figure S7: Forest plots showing all-cause mortality from 1st January 2015 to 31st March 2018 in surviving

patients with prevalent heart failure during 2013/14 according to concentrations of serum ferritin (A) (Not

measured; >300 μg/L; 100-300 μg/L; 30-100 μg/L; <30 μg/L), serum iron (B) (Not measured; >30 μmol/L; 20-30

μmol/L; 17-20 μmol/L; 14-17 μmol/L; 10-14 μmol/L; <10 μmol/L) and transferrin saturation (TSAT) (C) (Not

measured; ≥50%; 40-49%; 30-39%; 20-29%; 10-19%; <10%).
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Figure S8: Forest plots showing all-cause mortality from 1st January 2015 to 31st March 2018 in
surviving patients without a history of heart failure during, or prior to, 2013/14 according to
concentrations of serum iron (Not measured; >30 μmol/L; 20-30 μmol/L; 17-20 μmol/L; 14-17 μmol/L;
10-14 μmol/L; <10 μmol/L).

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Heart

 doi: 10.1136/heartjnl-2022-322145–8.:10 2023;Heart, et al. Graham FJ


	Assessment of haemoglobin and serum markers of iron deficiency in people with cardiovascular disease
	Abstract
	Introduction﻿﻿
	Methods
	Study population
	Statistics
	Patient and public involvement

	Results
	Testing patterns and results of testing
	Associations between haemoglobin concentrations, treatments and incident cancer or heart failure
	Associations with mortality

	Discussion
	Study limitations

	Conclusion
	References


