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Abstract

Outcomes of COrona VIrus Disease-19 (COVID-19) in patients with theumatic diseases (RDs) reported in various studies
are heterogenous owing to the influence of age and comorbidities which have a significant bearing on the infection risk,
severity, morbidity, and mortality. Diabetes mellitus (DM) and RDs are closely linked with underlying pathobiology and
treatment of RDs affecting the risk for DM as well as the glycemic control. Hence, we undertook this narrative review to
study the influence of DM on outcomes of COVID-19 in patients with RDs. Additionally, aspects of patient attitudes and
immune response to COVID-19 vaccination were also studied. The databases of MEDLINE/PubMed, Scopus, and Directory
of Open Access Journals (DOAJ) were searched for relevant articles. Studies from mixed cohorts revealed insufficient data to
comment on the influence of DM on the risk of infection, while most studies showed twice the odds for hospitalization and
mortality with DM. Specific cohorts of rheumatoid arthritis and systemic lupus erythematosus revealed a similar association.
Poor health was noted in patients with spondyloarthritis and DM during the pandemic. The presence of DM did not affect
patient attitudes towards vaccination and did not predispose to additional vaccine-related adverse effects. Immune response
to inactivated vaccines was reduced but mRNA vaccines were maintained in patients with DM. Detailed assessment of DM
with its duration, end-organ damage, and glycemic control along with a focused association of DM with various aspects of
COVID-19 like risk, hospitalization, severity, mortality, post-COVID sequelae, immune response to infection, and vaccina-
tion are needed in the future.

Key Points

® Diabetes mellitus is associated with the severity of infection, COVID-19-related hospitalization, and mortality in rheumatic diseases across
most studies but studies analyzing its specific role are lacking.

® Poor outcomes of COVID-19 in RA and poor health in spondyloarthritis are strongly associated with diabetes mellitus.

® Diabetes mellitus may negatively influence the humoral response to inactivated vaccines but does not seem to affect the immune responses to
mRNA vaccines.

o Diabetes mellitus does not influence the attitude towards vaccination or deviation from the prescribed medications during the pandemic.
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Introduction

Over 2 years into the COrona VIrus Disease-19 (COVID-19)
pandemic, the world has observed over 0.5 billion cases with
6.3 million deaths as of June 19, 2022. The maximum num-
ber of cases were observed in the USA followed by India
and Brazil, whereas the USA, Brazil, and India observed the
highest mortality in the same order [1].

Interestingly, these regions have a high prevalence
of diabetes mellitus (DM) and obesity and not surpris-
ingly, the earliest reports on outcomes of COVID-19 from
China revealed an increased association of infection and
severe outcomes with DM, hypertension (HTN), and car-
diovascular diseases (CVDs) [2—7]. A nationwide study
from Korea identified an increased association of risk
of infection as well as severity with DM in addition to
other comorbidities [8]. A systematic review and meta-
analysis revealed poor outcomes like hospitalization and
mortality associated with DM; however, there was no
association with an increased risk of infection. A fur-
ther meta-regression revealed the association of DM with
mortality [9]. DM exacerbates the inflammatory response
to SARS-CoV2 with an increase in cytokines, reactive
oxygen species, and renin-angiotensin system leading
to vascular endothelial damage, acute lung injury, lung
fibrosis, and increased risk for thromboembolic com-
plications [10, 11]. A reverse effect of the pandemic on
DM was also observed with poor glycemic control and a
higher rate of diabetic ketoacidosis as compared to the
pre-pandemic period [12].

The association between DM and rheumatic diseases
(RDs) is bidirectional. There is an increased risk of cer-
tain RDs like osteoarthritis, crystal-induced arthropathy,
diffuse idiopathic skeletal hyperostosis, and tendinopathies
with DM. It is also associated with poorer outcomes and
treatment-related complications, especially infections, due to
a combined effect of DM and immunosuppressant use [13].

On the other hand, chronic inflammation characterized by
elevated proinflammatory cytokines like tumor necrosis factor o
and interleukin-6 in rtheumatoid arthritis (RA) promotes insulin
resistance and the development of DM [14]. The use of gluco-
corticoids (GCs) in RA negatively impacts insulin resistance and
increases the risk of DM by 25-30% with every 5-mg increase
in the dose of GC in prednisolone equivalents [15]. Control of
disease activity using disease-modifying anti-rheumatoid drugs
(DMARD:s) effectively mitigates this risk [16]. Similarly, there is
an increased risk of DM in systemic lupus erythematosus (SLE)
owing to chronic inflammation as well as the presence of anti-insu-
lin antibodies [17]. Furthermore, treatment of SLE requires higher
doses and duration of GCs which adds to the risk of development
of DM [18, 19]. This can be translated to other inflammatory arth-
ritides and systemic rheumatic diseases which are characterized
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by chronic inflammation with an increased risk of obesity owing
to poor physical activity secondary to pain and fatigue. There is a
new school of thought wherein DM is considered to have autoim-
mune origins with the dysregulated production of proinflammatory
adipokines by adipose tissue driven by obesity, unhealthy lifestyle,
and advanced age. This eventually leads to insulin resistance and
DM (Fig. 1) [20].

Patients with RDs form a vulnerable group owing to
underlying immune dysregulation and immunosuppressant
use for poor outcomes with COVID-19. The elevated risk
of DM in this subgroup further adds to the complexity of
the issue [21, 22]. Thus, it is imperative to study the effects
of comorbid DM in patients with RDs on the outcomes of
COVID-19. Reviews with a focused objective of studying
the same are lacking and the original articles available are
heterogenous in terms of methodology, ethnicity, and out-
comes. Thus, we aimed to carry out a narrative review on
the role of type 2 DM as a comorbidity and its effect on
outcomes in patients with RDs infected with severe acute
respiratory syndrome-corona virus 2 (SARS-CoV2), with
a focus on hospitalization due to pneumonia, admission to
intensive care unit, and death. We have also analyzed the
influence of DM on patient attitudes and immune response
to vaccination.

Search strategy

Searches through MEDLINE/PubMed and Scopus were
performed in line with previously published recommen-
dations [23]. Articles published till June 20, 2022, were
reviewed using the following keywords: [(“COVID-19”
AND “Diabetes Mellitus” AND “Rheumatic disease” OR
“Immune-Mediated Inflammatory Disease), (“COVID-19”
AND “Rheumatic Disease” AND “Vaccine”), (“COVID-19”
AND “Diabetes Mellitus” AND “Rheumatoid Arthritis”),
(“COVID-19” AND “Diabetes Mellitus” AND “Systemic
Lupus Erythematosus™)] and similarly for specific diseases.
Articles in languages other than English and reviews, con-
ference proceedings, and editorials were excluded. Relevant
articles searchable at the Directory of Open Access Journals
(DOAYJ) and references of included articles were also pro-
cessed for eligibility and inclusion for this narrative review.

Studies with mixed cohorts

COVID-19 is usually a self-limiting illness but can have
severe outcomes in the form of hospitalization, cytokine
storm, acute respiratory distress syndrome, post-COVID-19
lung disease, long COVID, and mortality ranging from 0.5
to 2.7% [24, 25]. Most studies from the early phases of the
pandemic showed an increased risk for adverse outcomes in
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patients with RDs. However, these patients also have other
associated poor prognostic factors like age and comorbidi-
ties. These complicate the analysis and call for a guarded
interpretation of data.

COVID-19 and RDs

Early reports from countrywide or global registries esti-
mated an increased risk for hospitalization and mortality
in patients with RDs and COVID-19 [26-28]. A Danish
countrywide registry with 11,122 individuals with COVID-
19 reported an increased association of RDs with hospi-
talization (odds ratio [OR] 2.1, confidence interval [CI]
1.8-2.5) and mortality (OR 1.5 95% CI 1.1-2), but when
it was adjusted for comorbidities, this association became
insignificant [26]. A subsequent study from the Danish
national registry with 58,052 patients with RDs revealed
an increased association of RA (OR 1.2, 95% CI 1.2-2.3)
with hospitalization which persisted when adjusted for
age, sex, and comorbidities; the event rate overall was low
to identify specific risk factors in patients with RA [29].
Another study from the USA across 24 health organizations
(TriNetX research network) examined 31,461 patients of
which 681 had RDs. There was an increased risk for death
associated with RDs (OR 2.05, 95% CI 1.54-2.72) as well
as all other comorbidities on univariate analysis. However,
on multivariate analysis, older age, male gender, non-white

ethnicity, and underlying cardiac, pulmonary, liver, and
kidney diseases remained significant associations. Thus,
overall, there is an increased risk for hospitalization and
adverse outcomes in patients with RDs, most of which can
be attributed to associated comorbidities.

Risk of COVID-19 in RDs and DM

A study in India carried out during the first wave of COVID-19
in 2020 revealed an increased association of the risk of COVID-
19 with the presence of DM in patients with RDs, but this asso-
ciation became insignificant in adjusted multivariate analysis
[30]. Another study in Spain (2021) did not find any influence
of DM on the risk of COVID-19 in patients with RDs [31]. Most
studies have not specifically analyzed DM as a risk factor for
COVID-19 in RDs (Table 1).

Severity of COVID-19 in RDs and DM

Cohort studies: A French (French RMD cohort) and Spanish
(COVIDSER) studies have reported an increased association
of DM with moderate to severe disease on univariate analy-
sis (OR 2.14, 95% CI 1.12—4 adjusted for age and sex and
OR 1.9,95% CI 1.34-2.79) respectively [32, 33]. However,
the association did not persist on multivariate analysis [32,
33]. Age, obesity, glucocorticoid (GC) use, mycophenolate
mofetil (MMF), and rituximab (RTX) were significantly
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associated with severe disease on multivariate analysis in
the French study [33].

Cross-sectional studies: Studies in Spain and Saudi Ara-
bia found no association between DM and the severity of
infection [31, 34]. A nationwide medical records review of
902 patients admitted to ICU due to COVID-19 across Rus-
sia found ten patients with RDs, of which four had DM and
two subsequently died. So, patients with RDs were not over-
represented in ICU, but those with comorbidities like DM
had a higher risk for severe outcomes [35].

Hospitalization for COVID-19 in RDs and DM

The Global Rheumatology Alliance (GRA) is a physician-
reported registry of COVID-19 in patients with RDs across 34
countries of different ethnicities. The first report of 600 patients
revealed an increased association of DM with hospitalizations
(OR 2.6, 95% CI 1.39-4.88) along with GC> 10 mg (OR 2.1,
95% CI 1.1-3.9) as an independent risk factor [28]. Subsequent
examination of 3729 patients with RDs revealed an association
with mortality with GC> 10 mg (OR 1.69, 95% CI 1.18-2.4) but
not with DM [36]. Furthermore, in 3441 patients with inflam-
matory arthritis from the GRA, the composite outcome of hos-
pitalization and mortality was strongly associated with DM (OR
1.54,95% CI 1.1-2.21) as well as daily GC use (OR 1.07,95%
CI 1.05-1.08 per 1-mg increase in dose in prednisolone equiva-
lents) [37].

Cohort studies: An association of DM with hospitaliza-
tion was observed in the French RMD cohort (OR 5.3, 95%
CI 2.6-10.85 adjusted for age and sex) on univariate analysis
which persisted on multivariate analysis (OR 4.3, 95% CI
2.1-9.1) [33]. The Spanish COVIDSER cohort did not find
an association of DM with hospitalization on multivariate
analysis [38]. Similarly, data from the Brazil ReumaCoV
registry did not find an association between hospitaliza-
tion and DM; however, a strong association was seen with
GC use (prevalence ratio [PR] 1.8, 95% CI 1.1-2.7) and/
or recent pulse methyl prednisolone use (PR 2.9, 95% CI
1.7-4.87) [39].

Cross-sectional studies: Studies in Spain and Iran have
found an association with DM and hospitalization in patients
with RDs (OR 5.15, 95% CI 1.5-16.8 and OR 6.2, 95% CI
2.3-16.3) [40, 41]. Most studies have identified an associa-
tion with GC independent of DM (Table 1).

Thus, even in patients without a history of established
DM, GC-induced hyperglycemia can be a factor associated
with severe disease and hospitalization.

COVID-19-related mortality in RDs and DM

GRA-19: DM was not associated with an increased risk of
death in a study from the GRA [36].

Cohort studies: DM was significantly associated with
death in the French RMD cohort study (OR 2.89, 95% CI
1.3-6 adjusted for age and sex) [33, 39]. In the ReumaCoV
Brasil cohort, recent pulse MPS use was associated with
mortality (PR 2.86, 95% CI 1.59-5.14) [39].

Cross-sectional studies: A study in Spain identified
an increased risk of DM with mortality (OR 33, 95% CI
2.4-314) only on univariate analysis whereas another
study in the USA reported an increased association with
comorbidities but DM was not analyzed specifically [42,
43].

Thus, data on DM and the risk of COVID-19 is insuffi-
cient to comment on their association. Whereas most studies
reveal an increased influence of DM on severity, hospitaliza-
tion, and mortality, age, obesity, hypertension, CVD, and use
of GC are frequently associated with DM; thus, unadjusted
analysis can be misleading. There is a need for focused
adjusted multivariate analysis with a specific objective of
the influence of DM and GC-induced hyperglycemia on out-
comes of COVID-19 for a definite association.

Specific diseases

Most studies across the world have analyzed outcomes of
COVID-19 in mixed cohorts. Some cohorts of RA and SLE
have specifically looked for outcomes in these two diseases
concerning disease activity, drugs, and comorbidities.

Rheumatoid arthritis

Three studies from the USA and Iran have studied outcomes
of COVID-19 and the influence of DM in patients with RA.
A matched cohort study using national Veterans Affairs data
from the USA was carried out by identifying COVID-19 in
this cohort through December 2020. Of 33,886 patients with
RA, 2007 (5.9%) developed COVID-19. The risk of infec-
tion was associated with the presence of DM [hazard ratio
(HR), 1.29, 95% CI 1.13-1.44] along with Hispanic race,
underlying cardiac, liver disease, obesity, and the number of
hospitalizations in the previous year. Severe COVID-19 was
observed in 388 (19%) and was associated with DM (HR
1.85, 95% 1.47-2.33), underlying lung, liver, kidney, and
cardiac disease, malignancy, and the number of hospitaliza-
tions in the previous year. When compared with non-RA
controls, patients with RA on conventional/biologic/targeted
synthetic DMARDs and prednisolone use (HR 1.84, 95% CI
1.43-2.45) had significantly worse outcomes of hospitaliza-
tion and/or death [44].

Similarly, a cross-sectional study in Iran analyzed 128
patients with RA and COVID-19 and found an increased risk
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of infection and hospitalization with DM on univariate and
multivariate analysis [42]. Another comparative study from
the TriNetX in the USA did not find an association between
DM and hospitalization or death [45]. However, GC use was
significantly associated with both of these poor outcomes.
Additionally, on primary analysis, the risks for all compli-
cations and adverse outcomes were significantly higher in
patients with RA [45]. But after propensity matching for
age and comorbidities, the risks for adverse outcomes with
RA did not differ as compared to non-RA patients except
for sepsis and venous thromboembolism [46]. Overall, the
increased risk for adverse outcomes in RA is related to age
and associated comorbidities, with a specific association of
DM with increased risk of infection, hospitalization, and
death. This seems to be further compounded by GC use,
especially at doses > 5 mg (Table 2).

All three studies have analyzed patients before the avail-
ability of COVID-19 vaccines and need to be interpreted
accordingly as discussed below [44—46].

Systemic lupus erythematosus

Studies in Europe and the USA have revealed an increased
association of DM with the severity of disease as well as
worse outcomes like ICU admission and mortality [44, 45].
A study from the GRA with 1606 patients with SLE reported
an increased association of poor outcomes with older age,
male sex, GC dose, active disease, and the number of comor-
bidities [49]. Thus, the outcomes of COVID-19 in SLE are
driven largely by demographic factors, comorbidities, and
GC use (Table 3) [49].

Other diseases

A French study of 199 patients with sarcoidosis did not find
any influence of DM on the risk of COVID-19 [50]. Eight
of them acquired the infection (4%) and the event rates were
small for the assessment of the influence of DM on other
adverse outcomes.

A Spanish web-based cross-sectional observational study
(REUMAVID) evaluated the effects of COVID-19 on vari-
ous aspects of healthcare for RDs [51]. An analysis of 587
patients with axial spondyloarthritis was carried out of which
4.3% had DM. This group of patients was stratified into good
and poor health as per the Assessment of SpondyloArthritis
International Society Health Index (ASAS HI). Poor health
was associated with DM (10.9% versus 2%) in addition to
smoking, high body mass index (BMI), psoriasis, hyper-
cholesterolemia, kidney disease, lung disease, depression,
greater pain killer, and GC use (17.7% versus 10%). DM was
associated with poor health and function (OR 5.85, 95% CI

@ Springer

2.5-13.5) on univariate, (OR 4.85, 95% CI 1.35-17.65) in
addition to smoking, unemployment, poor physical activity,
pain killer, and GC use on multivariate analysis. Possibly, it
forms a vicious cycle of poor physical activity, worsening
disease activity, and inflammation, leading to poor control
of DM. This may hold true for other inflammatory RDs if
analyzed specifically in this fashion [51].

Immune response to infection
and vaccination

The antibody response to COVID-19 in patients with RA
and other RDs was lower than in HC but the difference
was not significant [52, 53]. Coexistent comorbidities did
not determine the antibody response after COVID-19 [50].

Studies have also analyzed the effects of DM in RDs on the
humoral immune response to SARS-CoV-2 vaccines [55-57].
A study in India reported a negative association between anti-
spike antibody titers and DM in addition to a shorter dosing
interval of 4 weeks between the two doses of AZD1222 (Aztra-
Zenaca/ChAdOx1) vaccine in a cohort of 561 patients with
RDs [54]. The presence of DM did not influence the response
to BioNtech mRNA vaccine as reported in a study from Qatar
in 100 patients with RDs [55]. Another study in Greece in a
cohort of 605 patients with RDs revealed that 88% developed
a humoral immune response to mRNA vaccines with age and
comorbidities having no influence on the response. Drugs like
RTX, MMF, and methotrexate negatively affected the response
to vaccination [56]. An Austrian study of 82 patients with RDs
and 82 healthy controls reported reduced seroconversion in
patients with RDs with comorbidities, but there was no influ-
ence of comorbidities on the absolute antibody titers after two
doses of the mRNA vaccine. Overall, DM negatively influences
humoral response to inactivated vaccines but does not affect the
immune responses to mRNA vaccines. Similarly, DM did not
influence the T cell responses to mRNA and inactivated vac-
cines studied in 140 patients with RDs [57].

Furthermore, comorbidities are not risk factors for break-
through infections. A study in India reported that post-vac-
cination antibody titers are the most important determinant
for breakthrough infections [58]. On the other hand, many
comorbidities were associated with breakthrough infections
in Israel, but DM was not a significant factor [59].

Patient attitude and behaviors

Surveys to study the attitude towards vaccination, vaccine-
related adverse events, and adherence to prescribed treatment
have been conducted across various countries [60]. A Greek
cohort study of 561 patients with RDs of which 441 (79%) were
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Table 3 Characteristics of studies with systemic lupus erythematosus and COVID-19

Study Type N (%) N (%),COVID- N (%), DM Moderate to Hospitaliza- Mortality N (%) Other salient
19 (confirmed severe COVID- tions N (%) and and its associa- features
and probable) 19 N (%) and its its associations tions
associations
Fernandez Ruiz Observational, 226 83 0f 226 (7.5) 6(7) 26 of 83 (31) 19 of 83 (23) 4 of 83 (5)
et al., 2020, prospective - Older age - Non-white
USA [73] (cohort, web- - Non-white race
based survey) race - Comorbidity
- Comorbidity - High BMI
Cordtz et al., Observational, 2533 95(3.7) - 16 of 95 (17) - -
2021, Den- prospective uv:
mark [48] (cohort) - DM
- lung disease
Mageau et al., Observational, 11,055 1411 (13) 245 (17.3) - 1411 134 of 1411 Poor outcome
2021, France prospective ICU 293 of 9.5) (ICU admis-
[47] (cohort) 1411 (21) sion and
mortality)
uv:
- Older age
- Male
- CKD
-DM
-HTN
-CVD
-LN
- Organ trans-
plantation

COVID-19 COrona Vlrus Disease-19, DM diabetes mellitus, RA rheumatoid arthritis, HTN hypertension, /LD interstitial lung disease, CVD
cardiovascular disease, CTD connective tissue disease, M male sex, /CU intensive care unit, UV univariate, MV multivariate, GC glucocorticoid,
MMF mycophenolate mofetil, CYC cyclophosphamide, ARB angiotensin receptor blockers, HCQ hydroxychloroquine, MTX methotrexate, TNF
tumor necrosis factor, NSAIDs non-steroidal anti-inflammatory drugs, b biologic, ¢ conventional, ts targeted synthetic, DMARD disease-modi-
fying anti-rheumatoid drugs, MPS methyl prednisolone, RTX rituximab, BMI body mass index, IS immunosuppressant, CHF congestive heart

failure

vaccinated found that DM was not associated with increased
adverse events or flares [61]. However, avoidance of vaccina-
tion for the fear of flares and adverse events was associated with
young age, unemployment, nocebo-prone behaviors, DM, and
underlying lung disease. The association with DM did not per-
sist on multivariate analysis [58]. Other web-based surveys from
China and Egypt did not find an influence of DM on the attitude
of patients towards vaccination [62, 63].

A Turkish survey of 229 patients with spondyloarthritis
and 48 patients with RA found that 36% changed their treat-
ment during the pandemic and that DM was a significant
factor for deviation from prescribed drugs [64]. A similar
US-based survey of 734 patients with RA found similar
results with 30% reporting medication changes but with no
influence of DM on their decision [65].

Long COVID

Long COVID refers to the presence of symptoms beyond
4 weeks of COVID-19 without an alternative diagnosis. DM
has been associated with the persistence of symptoms for a

@ Springer

longer duration in a large mobile application-based survey
of 4182 patients with COVID-19 [66]. Furthermore, a recent
study from the US Department of Veterans Affairs cohort
found an increased risk of DM in patients suffering from
long COVID [67]. However, studies on the influence of DM
in patients with RDs and the development of long COVID
are lacking and this needs to be explored in future studies.

Limitations and future studies

Focused studies of the specific association of DM as a
comorbidity in patients with RDs with the severity of
COVID-19 are lacking. Data from nationwide and global
registries can be analyzed to clarify whether there is any
association as frequently associated comorbidities with DM
like older age, HTN, obesity, and CVDs make interpretation
of univariate analysis difficult. Heterogenous methodologies,
retrospective data collection, and lack of details about glyce-
mic control are some of the reasons for conflicting associa-
tions of COVID-19 outcomes with DM. Furthermore, fac-
tors such as lockdowns in the initial period of the pandemic,
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vaccination, and emergence of newer variants in the latter
half of it significantly confound the risk and severity of the
infection and their associations which have not been fac-
tored in studies. Another aspect that future studies can delve
into is the biological basis for poor outcomes with plausible
alteration of cytokine pathways and the role of advanced
glycosylation end products with premature aging as factors
for poor outcomes in patients with both DM and RDs. On
the therapeutics front, the role of drugs like metformin, anti-
platelets, and statins which have pleiotropic effects can be
explored in this setting to control the systemic hyperinflam-
matory state.

Conclusion

DM and GC usage seem to increase the risk for severe
COVID-19, hospitalization, and mortality. Vaccine
responses, especially to inactivated SARS-CoV-2 vaccines,
are also reduced. Compliance with anti-diabetic medica-
tions with good glycemic control seems to abate the risks for
adverse outcomes of COVID-19 in RDs. Patients with RDs
with DM may be good candidates for booster vaccinations
to enhance vaccine-induced immune response.
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