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The prevalence of anemia 
increases with increasing age, 
affecting ~ 10% of the gen-

eral population ≥ 65 years of age.1 
However, the prevalence of anemia in 
patients with diabetes could be double 
this figure.2 Anemia in patients with 
diabetes is likely to be related to renal 
insufficiency. However, it has been 
shown that diabetes increases the 
risk for developing anemia by two- to 
threefold compared to those without 
diabetes and similar renal function, 
suggesting that diabetes is associated 
with other underlying causes of ane-
mia in addition to renal impairment.2

In the elderly, anemia is an 
independent predictor of adverse 
outcomes such as poor quality of 
life, falls, decreased physical func-
tion, impaired cognition, increased 
infections, and mortality.3 It has also 
been shown that anemia is associ-
ated with impaired activities of daily 
living, increased disability, and 
hospitalization.4,5 Therefore, recog-
nizing and treating the underlying 
cause of the anemia is an important 
aspect of patient care.

Underlying causes of anemia in 
older people with diabetes are likely 
to be multiple, including decreased 
renal function, inflammation, bone 
marrow suppression, and nutri-
tional deficiencies.6 Although the 
prevalence of anemia increases with 
age,7 there is a dearth of literature 
investigating the burden of anemia 

in old (≥ 75 years of age) and very 
old (≥ 85 years of age) individuals 
with diabetes. The aim of this study 
was to investigate the prevalence and 
determinants of anemia among older 
people with diabetes (≥ 75 years of 
age) attending a long-term follow-up 
in a single outpatient clinic. 

Design and Methods
The setting for this cross-sectional 
audit was an outpatient diabetes clinic 
for older people (≥ 75 years of age) 
in a District General Hospital in the 
United Kingdom. The clinic is run by 
a geriatrician with a special interest 
in diabetes. Older patients attending 
the clinic have access to care provided 
by a diabetes specialist nurse, phys-
iotherapist, occupational therapist, 
dietitian, and chiropodist to provide 
a holistic approach to patients’ needs 
as well as onsite vascular surgery and 

psychogeriatric services. The clinic 
runs weekly and accepts referrals 
from the community, other hospital-
based outpatient clinics, and inpatient 
departments as follow-up after 
hospital discharge. 

The study population included 
all patients in long-term follow-up 
(> 2 years) who attended the out-
patient clinic during a consecutive 
3-month period.

Data collection
Baseline characteristics such as age, 
sex, ethnic origin, comorbidities, 
number of medications, and social 
circumstances were collected during 
patient interviews, and laboratory 
results for each patient were down-
loaded from the central database 
of the pathology laboratory using 
patient details. To avoid acute 
fluctuations in the laboratory results, 
averages during the past 24 months 
were calculated. Laboratory values 
collected included hemoglobin (Hb) 
level (g/l), estimated glomerular filtra-
tion rate (eGFR; ml/min/1.73 m2 

based on the Modified Diet in Renal 
Disease study equation),8 A1C 
(%), and hematinic studies such as 
iron profile, vitamin B12, and folic 
acid levels. 

Anemia detection
The prevalence of anemia was 
determined if the average Hb level 
during the past 24 months was below 
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This cross-sectional audit 
investigates the prevalence and 
determinants of anemia in older 
people with diabetes attending 
an outpatient clinic. Anemia was 
found to be highly prevalent, 
affecting 59% of patients. Older 
age and longer duration of dia-
betes were the main predictors of 
anemia, whereas the presence of 
chronic kidney disease was a medi-
ator rather than a direct cause. 
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the normal range used by the hospital 
laboratory (< 120 g/l for women and 
< 140 g/l for men). 

Determinants of anemia
We examined five potential variables as 
determinants of anemia: older age (≥ 85 
years of age), longer duration of diabetes 
(> 15 years), uncontrolled diabetes (A1C 
> 7.5%), multiple comorbidities (>  4), 
and presence of chronic kidney disease 
(CKD), defined as an eGFR < 60  
ml/min/1.73 m2. 

Statistical analysis
Continuous variables are presented 
as means and standard deviations 
(SDs), and categorical variables are 
presented as percentages. A χ2 test 
was used to compare categorical 
variables, Fisher’s exact test was used 
when the expected cell value was < 5, 
a t test was used for continuous vari-
ables, and a two-sided P of < 0.05 was 
considered significant. We performed 
an initial univariate and then a mul-
tivariate logistic regression analysis 
using the presence of anemia as the 
outcome or the dependent factor and 
the above-mentioned five variables 
individually and then in combination 
as the predictors. Odds ratios (ORs) 
and 95% confidence intervals (CIs) 
were used to estimate the associa-
tion between outcome and variables. 
Statistical analysis was performed 
using the statistical software pack-
age Stata, version 10 (StataCorp LP, 
College Station, Tex.)

Study Results

Baseline characteristics
A total of 142 patients attended the 
outpatient clinic during the 3-month 
period. Twenty-seven patients had 
been attending the clinic for < 2 years 
and were excluded from the study. The 
remaining 115 patients had had long-
term follow-up in the clinic (> 2 years) 
and formed the study population. 
Baseline characteristics are summa-
rized in Table 1. All patients were > 75 

years of age (mean age 83.6 [SD 5.2] 
years), and 51 (44%) were ≥ 85 years of 
age. Most patients (88%) lived in their 
own home and had a long duration of 
diabetes (mean duration 16.0 [SD 6.4] 
years). CKD was prevalent in 66.1% of 
patients. Three patients had a history 

of treated breast cancer, two had 
prostate cancer, and two had bowel 
cancer. No patients in the cohort had 
active or terminal cancer. Only six 
patients reported drinking a little 
alcohol socially. 

Table 1. Baseline Characteristics of All Patients (n = 115)

Age (years)
Mean (SD)
Range 
≥ 85 years [n (%)]

83.6 (5.2)
76–93
51 (44)

Sex [n (%)]
Male 57 (49.6)

Ethnic origin [n (%)]
White
Asian
Black

108 (94)
5 (4)
2 (2)

Number of comorbidities [n (%)]
Hypertension
Vascular disease
Dementia 
Depression
Falls
Mean (SD), range

72 (62.6)
82 (71.3)
23 (20)
8 (7)
27 (23)
3.9 (1.3), 2–10

Number of medications
Mean (SD), range 8.4 (2.5), 3–14

Social factors [n (%)]
Living alone
Permanent caregiver
Care home
Independently mobile
Mobile with aids
Immobile
Independent with ADL
Assistance with ADL

53 (46)
48 (41.7)
14 (12.3)
35 (30.4)
72 (62.6)
8 (7)
54 (47)
61 (53)

Duration of diabetes (years)
Mean (SD), range 16 (6.4), 6–46

Insulin therapy (%) 57 (49.6)

A1C (%) 
Mean (SD), range 7.8 (1.2), 5.2–10.9 

eGFR (ml/min/1.73 m2)
Mean (SD), range
< 60 [n (%)]

52.1 (20.4), 10.8–90
76 (66.1)

ADL, activities of daily living.
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Prevalence of anemia
Anemia was prevalent in 68 patients 
(59%), of whom 35 were men and 33 
were women. There was no his-
tory of hereditary anemias such as 
thalassemia or sickle cell disease. 
The majority of anemia (80%) was 
normocytic; anemia was microcytic 
in 17% and macrocytic in 3% of 
patients. There was no significant 
difference between patients with 
or without anemia regarding sex, 
number of comorbidities, number 
of medications, insulin therapy, 
hematinic therapy, social factors, or 
functional status (Table 2). The use of 

metformin, pioglitazone, angiotensin-
converting enzyme (ACE) inhibitors, 
angiotensin receptor blockers 
(ARBs), or antiplatelets was similar in 
both groups. 

Determinants of anemia
Patients with anemia were sig-
nificantly older (84.6 vs. 82.1 years, 
P = 0.01), had a longer duration of 
diabetes (17.7 vs. 13.5 years, P = 0.03), 
and had lower eGFRs (47.8 vs. 58.1 
ml/min/1.73 m2, P = 0.01) than patients 
without anemia. In the univariate 
logistic regression analysis, three 
of the five potential determinants 

significantly predicted anemia: older 
age ≥ 85 years (OR 4.8, 95% CI 2.1–7.8, 
P = 0.001), longer duration of diabetes 
> 15 years (OR 2.9, 95% CI 1.3–to 6.2, 
P = 0.01), and CKD (OR 3.4, 95% CI 
1.5–7.6, P =  0.002), whereas number 
of comorbidities and diabetes control 
were not significant. However, in the 
multivariate logistic regression analy-
sis, only older age (OR 4.6, 95% CI 
1.9–8.1, P = 0.001) and longer duration 
of diabetes (OR 2.9, 95% CI 1.2–6.9, P 
= 0.01) remained significant, whereas 
the effect of CKD was reduced to 
borderline significance (OR 2.4, 95% 
CI 0.96–5.7, P = 0.06) (Table 3).

Table 2. Comparison of Patients With and Without Anemia 

Anemia No Anemia Difference (95% CI), P

n (%) 68 (59.1) 47 (40.1)

Hb [g/l; mean (SD)] 11.3 (0.9) 13.4 (0.8) 2.1 (1.8 to 2.6), < 0.001

Age [years; mean (SD)] 84.6 (4.5) 82.1 (5.7) 2.5 (0.6 to 4.4), 0.01

Sex [male; n (%)] 35 (51.5) 22 (47) 4.5 (–13.0 to 22.0), 0.6

Comorbidities [mean number (SD)]
Hypertension [n (%)]
Vascular disease [n (%)]
Dementia [n (%)]
Falls [n (%)]
Depression [n (%)]
Hematinic deficiency [n (%)]*
Hypothyroidism [n (%)]

3.9 (1.1)
24 (62)
50 (74)
14 (21)
15 (22)
4 (6)

17 (25)
10 (9)

4.0 (1.6)
30 (63)
32 (68)
9 (19)

12 (25)
4 (8.5)
8 (17)
7 (6)

0.1 (–0.4 to 0.6), 0.8
1.0 (–15.0 to 20.0), 0.8
6.0 (–11.0 to 22.0), 0.5
2.0 (–0.2 to 6.0), 0.6

3.0 (112.0 to 13.0), 0.7
2.5 (–0.5 to 5.0), 0.4
0.1 (–0.1 to 0.3), 0.3
3.0 (–4.0 to 11.0), 0.5

Medications [mean number (SD)] 8.1 (2.4) 8.7 (2.5) 0.6 (–0.3 to 1.5), 0.2

Insulin therapy [n (%)] 33 (49) 24 (51) 2.0 (–11 to 16), 0.8

Hematinic supplement [n (%)] 19 (28) 7 (15) 0.2 (–0.1 to 0.4), 0.1

Social factors and function [n (%)]
Lives alone
Carers help
Mobile independent
ADL independent

31 (46)
27 (38)
22 (32)
31 (46)

22 (47)
20 (43)
13 (28)
23 (49)

1.0 (–12 to 17), 0.9
5.0 (–12 to 19), 0.6
4 (–12 to 21), 0.6
3 (–13 to 21), 0.7

Duration of diabetes [years; mean (SD)] 17.7 (7.9) 13.5 (6.1) 4.2 (0.3 to 7.8), 0.03

A1C [%; mean (SD)] 7.6 (1.2) 8 (1.1) 0.4 (–0.3 to 6.8), 0.1

eGFR [ml/min/1.73 m2; mean (SD)] 47.8 (7.9) 58.1 (12.4) 10.3 (2.7 to 14.6), 0.01

*Hematinic deficiency encompasses iron, vitamin B12, and folic acid.
ADL, activities of daily living.
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Discussion
This study demonstrates a higher 
prevalence of anemia (59%) in 
older people (> 75 years of age) with 
diabetes attending an outpatient 
clinic. Previous studies of a younger 
population (average age 65 years) with 
similar renal function to our popu-
lation (CKD in ~ 70% of subjects) 
have reported a lower prevalence 
(~ 20%) of anemia in patients with 
diabetes, suggesting that our higher 
prevalence is likely to be the result 
of the older age of our population.2 
Anemia prevalence increases with 
age, reaching up to 26% of the general 
older population (≥ 85 years of age),9 
but is significantly higher in people 
with diabetes, reaching up to 78.6% of 
diabetic centenarians, confirming the 
contributing effect of diabetes to the 
prevalence of anemia.10

The cause of diabetes’ contri-
bution to anemia development is 
still unclear. In the Cardiovascular 
Health Study,11 although diabetes 
predicted hemoglobin decline by 
–0.9 g/l (95% CI –01.8 to –0.02), it 
did not predict the development of 
anemia (OR 1.04, 95% CI 0.78–1.38), 
whereas baseline increasing age and 
CKD predicted both hemoglobin 
decline and anemia over a 3-year 
period (–1.5 g/l, 95% CI –2.4 to –0.6, 
and –0.9 g/l, 95% CI –1.6 to –0.3, for 
hemoglobin decline and 1.96, 95% CI 
1.45–2.64, and 1.39, 95% CI 1.13–1.71, 
respectively, for anemia develop-
ment). The discrepancy in the effect 
of diabetes causing hemoglobin 

decline but not leading to anemia 
development could be because of the 
short (3-year) duration of the study.

In our study, long duration of 
diabetes (> 15 years), CKD, and 
older age (≥ 85 years) were the main 
predictors of anemia. However, 
in the multiple logistic regression 
analysis, the effect of CKD on ane-
mia prediction almost disappeared 
after adjustment for diabetes dura-
tion and older age. This suggests that 
CKD acts as a mediator rather than 
a direct cause of anemia in older 
people with diabetes. In other words, 
anemia in older people with diabetes 
is mainly driven by age and dura-
tion of diabetes rather than by renal 
function. Our population was old 
enough and had a long enough dura-
tion of diabetes to show this effect, 
which has not been seen in previous 
studies of younger populations.2 This 
may explain why the prevalence of 
anemia was still higher in people 
with diabetes than in those with-
out diabetes who had similar renal 
function.12 Diabetes, independent 
of renal function, has recently been 
shown to increase the risk of anemia 
(OR 2.15, 95% CI 1.07–4.31).12 The 
results of our study question the 
accepted concept that anemia in dia-
betes is mainly caused by a decline in 
renal function and suggests that, in 
older people with diabetes, anemia 
is mainly related to older age and 
longer duration of diabetes, which 

may have different or additional 
mechanisms for anemia.

Although drug therapy such 
as metformin, pioglitazone, ACE 
inhibitors, ARBs, and antiplatelets 
may be associated with anemia, we 
did not find this association in our 
study.13–17 Although we did not mea-
sure nutritional status, it is unlikely 
that the anemia in this study was 
caused by chronic blood loss or 
nutritional deficiencies because the 
anemia was normochromic in the 
majority of patients (80%), there 
were no patients in our cohort suf-
fering from chronic bowel disease, 
and there was no association with 
hematinic deficiency or hematinic 
supplement use.

The anemia shown in this study is 
likely to be related to aging and to be 
of unexplained etiology. This finding 
may explain the failure of interven-
tions with erythropoiesis-stimulating 
agents to normalize hemoglobin 
levels in older patients with diabetes 
and CKD that also showed increased 
incidence of vascular complications 
and even mortality.18

Our study also suggests that 
anemia in this age-group of older 
patients with diabetes could be a 
marker of the severity or long dura-
tion of diabetes, especially when 
investigations for anemia reveal 
no obvious cause. Whether novel 
interventions to increase hemoglobin 
will have a role in ameliorating the 

Table 3. Univariate and Multivariate Analysis of Possible Predictors of Anemia 

Predictor Unadjusted OR (95% CI), P Adjusted OR (95% CI), P

Older age ≥ 85 years 4.8 (2.1–7.8), 0.001 4.6 (1.9–8.1), 0.001

Longer duration of diabetes > 15 years 2.9 (1.3–6.2), 0.01 2.9 (1.2–6.9), 0.01

Low eGFR < 60 ml/min/1.73 m2 3.4 (1.5–7.6), 0.002 2.4 (0.96–5.7), 0.06

Comorbidities > 4 1.4 (0.6–3.0), 0.4 1.04 (0.4–2.6), 0.9

Uncontrolled diabetes (A1C > 7.5%) 0.6 (0.4–1.1), 0.1 0.6 (0.2–1.3), 0.2
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adverse health outcomes of diabetes 
requires future studies. 

Conclusion
Anemia is highly prevalent in older 
people with diabetes. Older age and 
duration of diabetes were identified 
as significant predictors of anemia, 
whereas CKD was found to act as a 
mediator rather than a direct cause. 
In some very old patients, anemia 
appears to be related to aging, and 
its etiology remains unexplained. 
Therefore, no treatment has been well 
studied. It remains to be determined 
whether interventions to improve 
hemoglobin concentration will be 
associated with improved function 
or survival. 
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