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Abstract

Aims Diabetic patients have multiple risk factors for colonisation with methicillin-resistant Staphylococcus aureus (MRSA),
a nosocomial pathogen associated with significant morbidity and mortality. This meta-analysis was conducted to estimate
the prevalence of MRSA among diabetic patients.

Methods The MEDLINE, Embase, BIOSIS, and Web of Science databases were searched for studies published up to May
2018 that reported primary data on the prevalence of MRSA in 10 or more diabetic patients. Two authors independently
assessed study eligibility and extracted the data. The main outcomes were the pooled prevalence rates of MRSA colonisation
and infection among diabetic populations.

Results Eligible data sets were divided into three groups containing data about the prevalence of MRSA colonisation or in
diabetic foot or other infections. From 23 data sets, the prevalence of MRSA colonisation among 11577 diabetics was 9.20%
(95% CI, 6.26-12.63%). Comparison of data from 14 studies that examined diabetic and non-diabetic patients found that
diabetics had a 4.75% greater colonisation rate (P <0.0001). From 41 data sets, the prevalence of MRSA in 10994 diabetic
foot infection patients was 16.78% (95% CI, 13.21-20.68%). Among 2147 non-foot skin and soft-tissue infections, the MRSA
prevalence rate was 18.03% (95% CI, 6.64-33.41).

Conclusions The prevalence of MRSA colonisation among diabetic patients is often higher than among non-diabetics; this
may make targeted screening attractive. In the UK, many diabetic patients may already be covered by the current screening
policies. The prevalence and impact of MRSA among diabetic healthcare workers requires further research. The high preva-
lence of MRSA among diabetic foot infections may have implications for antimicrobial resistance, and should encourage
strategies aimed at infection prevention or alternative therapies.
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PRISMA Preferred reporting items for systematic
reviews and meta-analyses

SSTI Skin and soft-tissue infection

Introduction

Staphylococcus aureus infections can be classified as methi-
cillin-resistant Staphylococcus aureus (MRSA) or methicil-
lin-sensitive Staphylococcus aureus (MSSA). Individuals
colonised with MRSA are typically asymptomatic; however,
if the bacterium breaches the patient’s physical defences,
infection can occur. The economic and clinical burden of
MRSA is significant, with high rates of morbidity and mor-
tality and increased hospital costs associated with MRSA
compared to MSSA [1, 2]. Risk factors which increase sus-
ceptibility to MRSA colonisation include recent exposure to
antimicrobial agents, sustained hyperglycaemia associated
with diabetes mellitus (diabetes), hospitalisation within the
past year, skin or soft-tissue infection (SSTI) on admission,
and human immunodeficiency virus type one (HIV) infec-
tion [3]. Independently, MRSA colonisation has been associ-
ated with an increased risk of MRSA infection [4]. Certain
patient groups, therefore, have multiple risk factors and a
significantly increased susceptibility to MRSA colonisation
and infection. These include, but are not limited to, patients
with diabetes mellitus (diabetics), HIV-positive individuals,
and haemodialysis patients [5, 6].

Diabetes is the most common metabolic disease in the
world, and the global number of diabetics is predicted to
rise from 382 million in 2013 to 592 million in 2035 [7].
Diabetes may be complicated by foot disease. In Scotland,
4.7% of diabetics are recorded as having had a foot ulcer and
0.7% as having had a lower limb amputation [8]. It has been
estimated that, in England, approximately £1 of every £140
spent by the NHS goes towards the cost of caring for ulcera-
tion or amputation, and that the cost of treating diabetic foot
is greater than that for any of the four most common cancers
in the UK [9]. Gram-positive organisms are commonly iden-
tified from diabetic foot infections (DFIs), with S. aureus
among those most commonly isolated. A 2010 systematic
review of the prevalence of MRSA in diabetic foot infections
estimated the prevalence to be 15-30% [10].

The rising prevalence of diabetes, predominantly in low-
and middle-income countries, is occurring against the back-
drop of globally increasing rates of antimicrobial resistance.
Knowledge of the prevalence of colonisation or infection of
diabetic patients by resistant pathogens, including MRSA,
will therefore be important in assessing the extent to which
interventions targeted towards diabetic patients may mitigate
the spread of resistant pathogens.

Several meta-analyses have examined the prevalence
of MRSA in high-risk populations, such as haemodialysis
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patients, HIV-positive patients and general, neonatal or
paediatric intensive-care patients [5, 6, 11, 12]. However,
to date, no meta-analysis has examined the prevalence of
MRSA in diabetic patients. Therefore, the aim of this meta-
analysis was to use studies of any design which reported data
for 10 or more patients to estimate the prevalence of MRSA
in diabetic patients.

Methods
Search strategy

Four electronic databases were searched for articles pub-
lished up to 16 May 2018: EMBASE (1980-2018), Ovid
MEDLINE® Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Ovid MEDLINE® Daily, Ovid MEDLINE
and Versions® (1946-2018), Web of Science and the BIO-
SIS Citation Index (1926-2018). The Web of Science Core
Collection Citation Indexes searched were: Science Citation
Index Expanded (1900-2018), Conference Proceedings Cita-
tion Index- Science (1990-2018), Book Citation Index— Sci-
ence (2005-2018) and the Emerging Sources Citation Index
(2015-2018). The search was performed using the following
terms: (“me??icillin-resistant Staphylococcus aureus” OR
“MRSA” OR “?A-MRSA”) AND (“diabetes” OR “DFI” OR
“diabetic foot” OR “diabetes mellitus type” OR “non?insulin
dependent diabetes” OR “insulin?dependent diabetes” OR
“7IDDM”) AND (“prevalence” OR “incidence” OR “epide-
miology” OR “frequency” OR “occurrence” OR “rate” OR
“predict*”). In Ovid, these terms were followed by the suffix
‘mp.” and they were searched as topics in Web of Science.
Further articles were obtained using reference lists from a
review article [10] and manual searching [13, 14]. A study
protocol was not published prior to this study.

Study selection criteria

All studies underwent title and abstract screening, eligible
studies met the following criteria: (1) the patients had been
diagnosed with diabetes mellitus and were colonised or
infected with MRSA; (2) the study reported primary patient
data on the prevalence of MRSA in 10 or more patients; (3)
the study was published in the English language. There were
no limitations on study date or type. Eligible studies were
accessed in full-text to ensure that they fulfilled the inclusion
criteria and provided sufficient data for the meta-analysis.
Studies which could not be accessed in full-text, including
presentation abstracts, were excluded; their authors were not
contacted. MRSA prevalence data can be reported in terms
of positive isolates or ulcers (potentially multiple per patient)
and/or patients. For clarity, only studies which reported the
prevalence of MRSA in terms of patient numbers were
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included. Title and abstract and full-text screening were per-
formed independently by two authors (HJS and JDJ), with
discrepancies resolved by consensus. Deduplication was per-
formed using Endnote (version X8.0.1) and Zotero (version
5.0.47). This review was conducted in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines [15], and a PRISMA check-
list completed (see additional file one).

Data extraction and critical appraisal

The following information was extracted from each study:
author(s), year of publication, country, study design, study
setting, study population size, and number of MRSA-posi-
tive patients, whether the study reported on MRSA colonisa-
tion or infection and the type of infection.

All eligible studies were critically assessed using a modi-
fied Joanna Briggs Institute checklist for prevalence studies
[16]. Publication bias was assessed using funnel plots. Fun-
nel plots of sub-group analyses were not used to assess for
publication bias, as funnel plot reliability decreases with
fewer studies, particularly below ten [17].

Statistical analysis

Random-effects meta-analyses were used throughout to cal-
culate the pooled prevalence of MRSA in a given population
with 95% confidence intervals (95% CIs). Study heterogene-
ity was assessed by the /* statistic, reported with 95% Cls,
and interpreted as low (<25%), moderate (25-75%), or high
(>75%) [18]. All meta-analyses were carried out using Med-
Calc statistical software, version 18.0 (MedCalc Software,
Ostend, Belgium). The significance of proportions was com-
pared using the MedCalc N-1 Chi-squared calculator [19].

Results

After deduplication, systematic searching yielded 1056 arti-
cles published between March 1985 and May 2018. An addi-
tional 14 manuscripts were identified from a review article
(n=12) and manual searching [10, 13, 14]. Title and abstract
screening identified 216 eligible articles, 148 of which were
subsequently excluded after full-text screening. Articles
were excluded, because they did not contain appropriate
data (n=66), were only available as an abstract (e.g. poster,
presentation; n =24), could not be accessed in full (n=24),
were not primary literature (n=11), were not available in
English (n=11), had insufficient clarity for data extraction
(n=10), or duplicated analysis of another data set (n=2).
The study selection process is shown in Fig. 1.

A total of 68 studies were eligible for inclusion. Six stud-
ies contained two prevalence data sets; four contained data

regarding the prevalence of MRSA in the nares and ulcers
of diabetic foot infection (DFI) patients, another contained
MRSA prevalence data for DFI and other SSTI patients,
and another data regarding nasal colonisation or unspeci-
fied infection with MRSA among diabetic patients. There
was, therefore, a total of 74 eligible data sets (Table 1). The
data sets were categorised for subsequent meta-analysis:
those with data about the prevalence of MRSA among DFIs
(41/74), necrotizing fasciitis (NF) and other skin and soft-
tissue infections (7/74), infections of unspecified source
(3/74), and those with colonisation prevalence data (23/74).
While critical appraisal of eligible studies highlighted short-
comings in reporting, it did not reveal further grounds to
exclude any studies (see additional file two).

The prevalence of MRSA colonisation
among diabetic patients

Twenty-three data sets investigated the prevalence of MRSA
colonisation among diabetic patients, published from 2002
to 2018 [13, 20-41]. The majority (19/23) examined MRSA
carriage in the nares, one study examined the nares and
axilla, another supplemented this with groin swabs, another
with perineum and sites of wounds or catheters and another
used multiple sites. Together, the 23 data sets represented a
pooled population of 11577 diabetic patients with an MRSA
colonisation rate of 9.20% (95% CI, 6.26—-12.63%; Fig. 2a);
heterogeneity among the studies was high (*=96.38% [95%
CI, 95.45-97.12%]). All forest plots are presented in the
same way, the boxes show effect estimates for each study,
weighted according to a random-effects model; the horizon-
tal lines indicate 95% ClIs; the centre of the diamond shows
the pooled proportion and the horizontal tips represent 95%
ClIs. A funnel plot—on which the vertical line represents the
summary estimate derived by meta-analysis and the diago-
nals represent 95% Cls around the summary effect—did not
indicate publication bias (Fig. 2b). Inspection of the coloni-
sation rates across the available 16 years did not reveal any
correlation (R>=0.0052).

Sub-analyses of the data were conducted by patient set-
ting and region or, where possible, nation (Table 2). Among
the patient settings for which meta-analysis was possible,
haemodialysis (HD) patients were found to have the high-
est colonisation rate (19.08%), followed by in-patients
(13.46%), out- or emergency patients (8.33%), diabetics
in nursing homes (6.61%), and diabetics in the community
(2.19%). Only one study of 10 patients examined the preva-
lence of MRSA among diabetic healthcare workers (HCWs),
of which 3/10 were MRSA-positive [20]. There were enough
data to conduct regional and national analyses, including all
patient settings, for East Asia, the Middle East, Germany,
Taiwan, and the USA. The greatest colonisation prevalence
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Fig. 1 Flow diagram of study

selection identified

MEDLINE (n = 539)
Embase (n = 1231)
BIOSIS (n = 455)
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Further additions (n = 14)

2993 potentially relevant articles

> Duplicates removed
v (n=1951)
Articles screened by title and abstract
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Articles excluded after title and abstract
> screen
v (n= 814)
Relevant articles accessed in full text .
(n=216) Further duplicates
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Articles excluded after full-text screen
> (n=148)
\ 4

Eligible studies included in
meta-analysis
(n=68)

Did not contain appropriate data (n = 66)
Only available as an abstract (n = 24)
Could not be accessed in full (n = 24)

Was not primary literature (n = 11)

was found in East Asia (12.85%) and the lowest in Germany
(1.38%).

Many of the studies which contained colonisation data
did so for diabetic patients as a sub-group of a wider cohort.
Next, we, therefore, selected the 14 studies that contained
colonisation data for diabetic and non-diabetic patients for
comparison. Meta-analyses revealed that, among a pooled
population of diabetic patients (n=28975), there was an
MRSA colonisation rate of 10.27% (95% CI, 6.27-15.12%;
I?=96.80% [95.74-97.60%]). Among the comparative non-
diabetic population (n=38976), the colonisation rate was
5.52% (95% CI, 2.93-8.88%; I’ =99.18% [99.01-99.32%]).
The 4.75% difference between these colonisation rates was
significant (P <0.0001).

There were sufficient data among the 14 studies to per-
form sub-analyses for American (5/14), German (3/14),
and East Asian (3/14) diabetics, as well as for nursing home
residents (3/14) and in-patients (5/14). Across five studies,
American diabetics (n=6582) had a pooled MRSA car-
riage rate of 11.46% (95% CI, 4.84-20.42%; I*=97.87%
[95% CI, 96.65-98.64%]) compared to 8.08% (95% CI,
2.82-15.72%; I’ =99.66% [95% CI, 99.56-99.73%])
among 31005 non-diabetic Americans (P <0.0001).
Analysis of the three German studies revealed that 1641
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Was not available in English (n = 11)
Had insufficient clarity (n = 10)
Duplicated analysis of a dataset (n = 2)

diabetics had an MRSA carriage rate of 1.38% (95% CI,
0.27-3.33%; I*=80.23% [95% CI, 37.66-93.73%])), this
was greater than the comparative rate of 0.84% (95% ClI,
0.40-1.45%; I°=73.57% [95% CI, 11.49-92.11%])) for
5883 non-diabetics in these studies (P =0.047). Com-
parison across the three East Asian studies revealed that
639 diabetics had a carriage rate of 14.34% (95% CI,
8.46-21.46%; I*=79.70% [95% CI, 35.60-93.60%]), com-
pared to 7.65% (95% CI, 0.84-20.40%; I* =96.74% [95%
CI, 93.33-98.41%]) in the comparative population of 1296
non-diabetics (P <0.0001). Among the five studies that
contained data on 6914 in-patient diabetics (excluding HD
patients), there was a colonisation rate of 11.17% (95% CI,
5.78-18.04%; I’=97.18% [95% CI, 95.39-98.28%), com-
pared to 7.43% (95% CI, 3.02-13.59%; I*=99.08% [95%
ClI, 98.70-99.34%]) among 17072 non-diabetic in-patients
(P <0.0001). Three studies contained data regarding 554
nursing home residents, with a pooled MRSA prevalence
rate of 6.61% (95% CI, 0.01-23.99%; I*=96.62% [95% CI,
93.01-98.36%]). This was similar to the 6.62% (95% CI,
0.23-20.71%; I*=97.93% [95% CI, 96.15-98.89%]) car-
riage rate among the comparative population of 3298 non-
diabetic residents examined by these studies (P =0.993).
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$2e The prevalence of MRSA among patients with DFI
SIS
.20
EE % .
-% 8 g Data about the prevalence of MRSA among DFI patients
2 LS i were contained in 41 data sets [42-50,40,51-68,41,69-7
é s 5,39,76,77,25,78], representing 10994 patients, with an
= z < 5 'z i MRSA prevalence rate of 16.78% (95% CI, 13.21-20.68%;
— j=7 =7 = .S . . oy .
S|lEeEEE R = E 5 Fig. 3a). Inter-study variability was high (I*=96.16% [95%
cleeeceaaR 1 2E3 § CI, 95.43-96.77%]). A funnel plot of these studies was
< 9 p
~ o = = . . .
) iR SIS R £ i A £ % f;; weakly asymmetrical (Fig. 3b). Analysis of the prevalence
S 9| "\?’ i v g Sl ZE8 & by publication year did not reveal any trend (R>=0.0487).
I8 28284 €§_§ < Sub-analyses by patient setting, region or nation were
A I 88 E @ conducted (Table 3). These revealed that the 2.82% differ-
S5 = cxe 2 . . . .
228323 S8 QZ ence in the proportion of DFI out- and in-patients that were
. oo aane _:« 5 g 2 MRSA-positive was significant (P =0.0008). There were
< § S 5 sufficient data to perform sub-analyses of all patient settings
% - > £ for five broad regions, of which Central America had the
= - S < . .
: oo o « u§ g 38 § highest (20.07%) and East Asia the lowest (12.73%) preva-
= 3 82 §_ lence of MRSA. Among the five nations for which there
= =3 o . .
E 'E g § oA were sufficient data to perform national sub-analyses, the
g ;D : g L: UK had the highest prevalence (19.59%), while China had
”§ N et N @ o S22y % the lowest (11.65%).
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o = © = . .
= « 8sa £ The prevalence of MRSA among patients with NF
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é & ; % B g E B <& % or SSTIs and unspecified infections
= .2 Pl o
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B R o 8 g‘ § E (n=2), burns (n=1), and non-foot SSTI (n=4), and three
= MRCR I TIZO g further studies did not specify the type of infection in ques-
]
2 = E g tion [14, 37, 60, 79-85]. The NF and non-foot SSTI stud-
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Alez el e s s 3 g ; ;i a population of 2147 patients with an MRSA prevalence
< & o § rate of 18.03% (95% CI, 6.64-33.41%; I>=98.20% [95%
< o= . .
2 -3 > CI, 97.44-98.73%]). The three studies that did not spec-
> 3 . Zz L ° ’
§ s & < § < g S g 8 2 @ ify the nature of the MRSA infection studied represented
SIEE35E B3 ~os £ ¢ 29435 patients with a prevalence rate of 8.08% (95% CI,
s : 2 E E 0.30-34.80%; I*=99.43% [95% CI, 99.14-99.62%]).
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x®se L4 iabetes mellitus is the most prevalent metabolic disease
- w2y &g Diabet 1lit th t prevalent metabolic d
'%0 *2g2 5 °© worldwide and has been reported to be a risk factor for
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TS s - s o 2 © E 5 = g MRSA colonisation at the time of admission to hospital
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2158538 5 S g < 72 = [86]. The MRSA colonisation rates of diabetic in- and
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g g o s E out-patients in this study were 13.46% and 8.33%, respec
C® £ % § tively. These are higher than many national estimations;
— S £ 3 = = . .
5 — § g S 7 S g 5 for example, the nasal MRSA colonisation rate has been
) = %‘ = = § E = :} g £ g g estimated to be 2.6% in Japan [87], 3.9% among healthy
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2 = Z 2 E oo S8z % s Chinese children [88] and up to 2.1% across nine European
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: = E g GG § E 2 g : 2 %D £ on admission has been observed, rising to 20% among
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@ Springer



914 Acta Diabetologica (2019) 56:907-921

(A)

Von Baum et al. 2002 — -
Saxena et al. 2002 —
Daeschlein et al. 2006 = =
Stanaway et al. 2007 —
Gorwitz et al. 2008 —

Garazi et al. 2009 — ]
Schechter-Perkins et al. 2011 — B

Lu et al. 2011 — ——

Kutlu et al. 2012 — ——

Haleem et al. 2013 — —

Gupta et al. 2013 — B

Torres and Sampathkumar 2013~ f— ——

Yeoh et al. 2014 — ——
Hart et al. 2015 — I

Karadag-Oncel et al. 2015 —l—

Kao et al. 2015 — ——
Jayarani and Sundarji 2015 — .
Daeschlein et al. 2015 — B

Gleeson et al. 2016 — ]
Lin et al. 2017 — -

Dunyach-Remy et al. 2017 — ——

Lin et al. 2018 — -

Legese et al. 2018 — L

Total (random effects) — —~—

I L l 1 I 1 I L I 1 I L I 1 I

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Proportion of diabetic patients colonised with MRSA

(B)

00—

Standard Error

03—

04f—
] ! ] . ] ! ] ) | ) | ) | ) |

-0.6 0.4 -0.2 0.0 0.2 04 0.6 0.8

Proportion of diabetic patients colonised with MRSA

Fig.2 The prevalence of MRSA colonisation amongst diabetic patients. a Forest plot of the proportion of diabetic patients colonised with
MRSA (n=11577). b Funnel plot
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Table 2 Sub-group analyses of the prevalence of MRSA colonisation among diabetic patients
Nation (s) No.of  No. of patients  Pooled preva- 95% C1 P (%) 95% CI
data sets lence of MRSA
%
Diabetic patients - 23 11577 9.20 6.26-12.63  96.38 95.45-97.12
Healthcare workers - 1 10 30° N/A N/A N/A
Haemodialysis patients - 2 197 19.08 13.93-24.81 0.00  0.00-0.00
In-patients® - 7 7290 13.46 7.94-20.16  97.01 95.48-98.02
Out- or emergency patients - 5 779 8.33 3.10-15.77  89.48 78.25-94.91
Nursing homes only - 3 554 6.61 0.01-23.99  96.62 98.36
Community (excl. nursing homes) — 3 2314 2.19 0.94-3.95 83.40 49.74-94.52
East Asia China, Taiwan, Singa- 6 1622 12.85 5.34-23.00 9640 94.21-97.77
pore, Sri Lanka
Middle East Saudi Arabia, Turkey 3 597 8.43 1.05-21.86  94.88 88.39-97.75
USA - 6 6661 11.08 5.14-18.92  97.33  95.88-98.27
Taiwan - 3 854 8.48 1.44-20.56  96.00 91.42-98.14
Germany - 3 1641 1.38 0.27-3.33 80.23  37.66-93.73

*In-patients exclude haemodialysis patients, which were analysed separately

®Only one data set available

CI confidence interval

high numbers of diabetic patients [90]. The MRSA colo-
nisation rate among diabetics in the community identified
by this study was therefore generally comparable with val-
ues for broader populations (2.19%). National sub-analy-
ses showed that, in America, diabetics had a carriage rate
7.4 times higher than the previously estimated national
prevalence rate of 1.5% [21]. While, in Germany, diabet-
ics had an MRSA colonisation rate 1.5 times higher than
has recently been estimated for the wider German popula-
tion [91], although more studies of MRSA carriage among
German diabetics are needed to confirm this as only three
were available.

The levels of MRSA colonisation among diabetics in
nursing homes or the wider community, in-patients and
out-patients suggest MRSA carriage reflects the extent
of interaction with the healthcare system. It is difficult to
compare the values obtained here for in- and out-patients
to data regarding the prevalence of MRSA colonisation
among general hospital populations as such studies offer a
variety of results that typically reflect different patient popu-
lations and contexts [92-95]. However, this study compared
the MRSA colonisation rates for diabetic and non-diabetic
patients across the 14 studies that contained data for both.
This showed that diabetics had a significantly higher colo-
nisation rate than non-diabetics, a finding which held for
sub-analysis of in-patient, American, German, or East Asian
populations. Notably, the rates of MRSA carriage among
diabetic and non-diabetic nursing home residents were very
similar, supporting the above suggestion that MRSA car-
riage rates reflect the extent of interaction with a healthcare
environment.

Further sub-analyses showed that diabetic HD patients
had the greatest colonisation rate (19.08%; n=197). The
colonisation rate of non-diabetic HD patients has been pre-
viously estimated by meta-analysis to be 6.2% (n=5596;
[11]). The higher finding here likely reflects the synergy
of two high-risk states and differences in study population
size. However, the MRSA colonisation rate among diabetic
patients in this study (9.20%) exceeded the previous meta-
analytic estimates of the colonisation rate among the other
high-risk groups, e.g. 6.9% among 6,558 HIV-1 patients and
7% and 1.9% among 63740 general and 19722 neonatal or
paediatric intensive-care patients, respectively [6, 11, 12].

Only one study investigated the MRSA colonisation rate
among diabetic HCWs, showing that it exceeded that of non-
diabetic HCWs (30% [n=10] vs. 5.8% [n=242]; [20]. A
previous meta-analysis of MRSA colonisation among HCW
in Europe and the USA has estimated carriage at 1.8—4.4%,
with nurses reported have a carriage rate of 6.9% with
an odds ratio of 2.58 compared to other HCWs [96]. The
increased carriage risk for nurses has been recorded else-
where, and intensive patient contact is thought to be a risk
factor [97, 98]. The significance of potentially greater rates
of MRSA colonisation of diabetic HCWs requires further
investigation, especially given the high prevalence of obesity
among some sectors of the healthcare workforce [99].

Diabetic foot infections can be mono- or poly-micro-
bial, and may be caused by a wide range of pathogens,
including MRSA. This study found that the prevalence
of MRSA among 10994 DFI patients was 16.78%. This
is comparable to the prevalence estimated by a 2010 sys-
tematic review [10]. A higher prevalence was identified
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Fig.3 The prevalence of MRSA amongst DFI patients. a Forest plot of the proportion of MRSA-positive DFI patients (n=10994). b Funnel plot

for in-patients compared to out-patients, likely reflecting
the difference in extent of interaction with the healthcare
system. From the UK, one eligible study reported MRSA
colonisation data among diabetics at a value lower than the

@ Springer

proportion of MRSA-positive UK DFI patients (16.9% vs.
19.59%). Further work is therefore needed in the UK to
clarify the extent to which diabetic patients are colonised
with MRSA.
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Table 3 Sub-group analyses of the prevalence of MRSA amongst DFI patients
Nation(s) No.of  No. of patients  Pooled 95% C1 > (%) 95% CI
data sets prevalence
%
DFI patients - 41 10994 16.78 13.21-20.68 96.16  95.43-96.77
Out-patients - 6 2440 13.16 7.88-19.55 91.99  85.34-95.63
In-patients - 28 7444 15.98 11.99-20.42 95.59 94.51-96.47
Central America Costa Rica, Mexico 2 479 20.07 2.45-48.64 96.81 91.55-98.80
North Africa & The  Algeria, Egypt, Saudi Arabia, Turkey 4 746 17.25 0.63-49.16  98.62  97.83-99.12
Middle East

Western Europe France, Italy, Portugal, Spain 7 2295 16.96 9.77-25.63 9496  91.83-96.89
Indian Subcontinent  India, Nepal, Pakistan 5 540 14.40 6.43-24.87 89.11 77.32-94.77
East Asia China, Singapore, Taiwan 4 664 12.73 5.64-22.15 89.88  76.99-95.55
UK - 4 333 19.59 13.88-26.01  49.56 0.00-83.31
India - 3 357 18.34 10.06-28.44 7891 32.51-93.41
USA - 10 4893 14.70 8.54-22.18 97.29  96.25-98.05
France - 4 1157 12.28 7.18-18.51 88.04 71.78-94.93
China - 2 430 11.65 3.14-24.56 9040 65.19-97.35

CI confidence interval

This study was limited by the small number of eligible
studies, such that only sub-analyses based on patient set-
ting or geographic region could be conducted. Much of the
often high level of heterogeneity observed in individual sub-
analyses therefore likely reflects variation in other factors not
simultaneously subject to sub-analysis. Sub-analyses by geo-
graphic region, although useful for appraising broad trends,
are low resolution given the complexity of factors that
underlie MRSA prevalence. While there were enough stud-
ies to conduct some national sub-analyses, many included
low numbers of studies and were also subject to influence by
local inter-study variation. More studies, in particular of the
prevalence of MRSA colonisation among diabetic patients,
are needed to provide a greater evidence base and permit
finer stratification of data in future analyses. The variety
of detection techniques used by eligible studies may have
led to a slight underestimation, with PCR and chromogenic
culture media being more sensitive than nonchromogenic
media [100].

Meta-analyses are designed to be reproducible and iden-
tify as many eligible manuscripts as possible. However, this
may be limited by the omission of some relevant manu-
scripts, because they do not contain the appropriate terms
in the fields searched or were incorrectly indexed [101].
During this study, we became aware of two manuscripts
that contained pertinent data, but were not detected by our
systematic search as they lacked terms related to diabetes
[13] or MRSA [14] in the searched fields. Given the topic
of this study, it was not feasible to amend the search strategy
to omit either terms related to diabetes or MRSA. Therefore,
although we were unable to identify these two studies sys-
tematically or through review articles, we recognised that

they contained relevant data and included them as ‘manual’
search results. This transparent approach enhances the repro-
ducibility of this study, while acknowledging some of the
inherent limitations of systematic approaches.

This study may also be limited by not being pre-regis-
tered. Registration of reviews is a non-essential recommen-
dation designed to encourage transparency, improve quality
and reduce duplication. Pre-registration of reviews that are
never completed is not recommended [102]. This study was
conceived as a student project, many of which are not pub-
lished, and the authors therefore decided it was inappropri-
ate to register retrospectively. However, the authors are not
aware of any similar studies underway and complied with
the PRISMA statement throughout.

Taken together, the results of this study suggest that dia-
betics interacting with the healthcare system are likely to
have a higher rate of MRSA colonisation than non-diabetics,
raising the question of whether diabetic staff and patients
should be subject to targeted screening. Targeted screening
of high-risk patients has been shown to offer a cost-effective,
efficacious, alternative to universal screening [103—-105]. In
the UK, patients admitted to high-risk specialties or with
previous MRSA colonisation or infection are targeted for
screening [106]. Given the rates of colonisation and infec-
tion recorded in this analysis, many diabetic patients may,
therefore, be eligible for screening under the current policy.
However, research is warranted to evaluate the potential
benefits of amending current guidelines to specifically and
proactively target colonisation among high-risk patient
groups, such as diabetics. While screening of staff is not
current policy, more work is required to evaluate the poten-
tial benefits of screening diabetic HCWs in reducing the
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spread of MSRA. However, any screening of specific patient
or staff groups must avoid stigmatisation. Finally, the high
prevalence of MRSA among DFI patients and consequent
long-term antibiotic administration has wider implications
for antimicrobial resistance. While the prevention of such
infections should remain the goal, with increasing levels of
antimicrobial resistance, it is also important that alternative
therapies are investigated [107].
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