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Table 1
Clinical and laboratory parameters of type 1 (T1DM) and type 2 diabetes mellitus (T2DM) patients with diabetic ketoacidosis (DKA) and hyperosmolar hyperglycaemic

syndrome (HHS).

Case Gender,

age

(years)

Plasma

glucose

(mg/dL)

Diagnosis HbA1c

(%)

GA

(%)

Urine

ketone

Ketone

bodies

(mmol/L)

Acetoacetic

acid (mmol/L)

3-HBA

(mmol/L)

pH Lactate

(mEq/L)

WBCs

(/mL)

NTs

(%)

CRP

(mg/dL)

PCT

(ng/mL)

1 F, 34 539 T1DM, DKA 17.4 56.5 2+ 8607.5 1639.5 6968 6.910 2.1 21,800 87.9 0.06 12.40

2 F, 42 1177 T1DM, DKA 9.7 46.3 3+ 1568.4 421.5 1146.9 6.944 4.6 19,910 92.0 0.31 30.47

3 F, 32 623 T1DM, DKA 20.8 70.2 3+ 13,770 3350 10,420 6.798 1.6 26,510 76.7 0.25 8.81

4 F, 73 1044 T1DM, DKA 12.8 55.6 2+ 26,020 7000 19,020 7.058 2.8 18,900 89.0 2.18 6.87

5 F, 56 798 T2DM, DKA 11.6 44.0 3+ 10,505.6 3569.2 6936.4 7.059 1.9 17,040 95.0 0.53 0.16

6 F, 94 480 T2DM, HHS 8.5 32.6 – N/A N/A N/A N/A N/A 4190 65.7 0.04 0.04

7 F, 93 566 T2DM, HHS 9.7 N/A � N/A N/A N/A N/A N/A 9800 87.0 0.11 0.05

8 F, 76 1321 T2DM, HHS 8.8 35.9 – N/A N/A N/A N/A 2.8 9400 88.0 0.16 0.07

9 M, 76 409 T2DM, HHS 7.5 25.4 – N/A N/A N/A N/A N/A 10,710 83.1 0.46 0.07

HbA1c: Glycated haemoglobin; GA: Glycoalbumin; 3-HBA: 3-hydroxybutyric acid; WBCs: White blood cells; NTs: Neutrophils; CRP: C-reactive protein; PCT: procalcitonin; F:

Female; M: Male; N/A: Not applicable.
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controversial [7]. Therefore, albeit speculative, it may be assumed
that some signal transduction under DKA conditions might be
involved in such PCT elevation. To clarify its underlying molecular
mechanism(s), experimental evaluation in the near future is now
necessary.

Taken altogether, plasma PCT levels are increased under DKA
conditions in patients with T1DM. As PCT may well prove useful in
the diagnosis of DKA and HHS, it is possible that elevated PCT levels
may constitute a biomarker of DKA without infection.

Authors’ contributions

All authors contributed significantly and in keeping with the
latest guidelines of the International Committee of Medical Journal
Editors (ICMJE). Takatoshi Anno is the guarantor of this work and,
as such, had full access to all data in the study, and takes
responsibility for the integrity of the data and their accuracy. T.A.
researched data and wrote the manuscript. R.S., F.K., S.I. and N.M.
researched the data and contributed to discussion. K.K. and H.K.
wrote and reviewed the manuscript.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial or not-for-profit sectors.

Disclosure of interest

The authors declare that they have no competing interest.

References

[1] Karavanaki K, Karanika E, Georga S, Bartzeliotou A, Tsouvalas M, Konstanto-
poulos I, et al. Cytokine response to diabetic ketoacidosis (DKA) in children
with type 1 diabetes (T1DM). Endocr J 2011;58:1045–53.

[2] Wirz Y, Meier MA, Bouadma L, Luyt CE, Wolff M, Chastre J, et al. Effect of
procalcitonin-guided antibiotic treatment on clinical outcomes in intensive
care unit patients with infection and sepsis patients: a patient-level meta-
analysis of randomized trials. Crit Care 2018;22:191.

[3] Ivaska L, Elenius V, Mononen I, Ruuskanen O, Peltola V. Discrepancies between
plasma procalcitonin and C-reactive protein levels are common in acute
illness. Acta Paediatr 2016;105:508–13.

[4] Cipriano A, Rebelos E, Park N, Santini M. Moderate increase of serum levels of
procalcitonin in diabetic ketoacidosis. Neth J Med 2018;76:454.

[5] Linscheid P, Seboek D, Nylen ES, Langer I, Schlatter M, Becker KL, et al. In vitro
and in vivo calcitonin I gene expression in parenchymal cells: a novel product
of human adipose tissue. Endocrinology 2003;144:5578–84.

[6] Timper K, Grisouard J, Radimerski T, Dembinski K, Peterli R, Häring A, et al.
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Detrimental effects of metabolic dysfunction-
associated fatty liver disease and increased
neutrophil-to-lymphocyte ratio on severity of COVID-19
A recent meta-analysis reported that a higher neutrophil-to-
lymphocyte ratio (NLR), i.e. a well-known marker of systemic
inflammation integrating the detrimental effects of neutrophilia
and lymphopenia, is strongly associated with poorer in-hospital
outcomes in patients with coronavirus disease-2019 (COVID-19)
[1]. Previous studies also reported a significant association
between increased NLR and the histological severity of liver
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fibrosis in non-alcoholic fatty liver disease (recently renamed
metabolic dysfunction-associated fatty liver disease (MAFLD) [2])
[3,4]. We therefore postulated that MAFLD might contribute to the
COVID-19-induced inflammatory ‘‘storm’’, and that patients with
MAFLD and increased NLR at hospital admission are at greater risk
for severe COVID-19 illness.

We studied a multicentre cohort of 310 patients with laboratory-
confirmed COVID-19, who were consecutively hospitalised at four
sites in Whenzou, Zhejiang Province (China), between January and
February 2020. These patients have been included in a prior study
examining the relationship between MAFLD with increased non-
invasive fibrosis scores and risk of COVID-19 severity [5]. Patients
with viral hepatitis, excessive alcohol consumption, active cancers or
chronic pulmonary diseases were excluded. Clinical and laboratory
data were collected in all patients at hospital admission, including
NLR that was calculated by dividing the absolute number of
neutrophils by the absolute number of lymphocytes. Obesity was
diagnosed as body mass index> 25 kg/m2. Pre-existing diabetes was
defined as self-reported history of disease or use of glucose-lowering
medications. All patients were screened for hepatic steatosis by
computed tomography and subsequently diagnosed as MAFLD,
according to the recently proposed diagnostic criteria [2]. The
severity of COVID-19 was assessed during hospitalisation and
classified as severe and non-severe based on the current manage-
ment guideline [6]. The study protocol was approved by the local
ethics committees of the four hospitals. The requirement for written
informed consent was waived due to the retrospective and
anonymous nature of the study design.

In our cohort of 310 (48.1% men; mean age 47 years)
consecutive cases of COVID-19, the median values of NLR were
2.53 (inter-quartile range: 1.7–3.8), and 94 (30.3%) patients had
imaging-defined MAFLD. We stratified our cohort of patients by
both presence/absence of MAFLD and high/low values of NLR; we
adopted a cut-point value of 2.80 that was found to be the optimal
cut-point value of NLR in a ROC curve analysis, using the Youden’s
index, for predicting severe COVID-19 in the patient cohort.

After stratifying patients by both presence/absence of MAFLD
and high/low NLR values at hospital admission, those with MAFLD
and increased NLR were older and more likely to have diabetes,
obesity and hypertension, and had higher serum liver enzymes,

[(Fig._1)TD$FIG]

Fig. 1. Proportion of severe COVID-19 illness among patients, stratified by presence/abs

neutrophil-to-lymphocyte ratio (NLR) at hospital admission.
higher leucocyte and neutrophil counts, higher C-reactive protein,
longer prothrombin time and higher D-dimer levels, as well as
lower lymphocyte counts and lower high-density lipoprotein-
cholesterol concentrations compared with their counterparts
without MAFLD and normal NLR. Notably, as shown in Fig. 1,
the severity of COVID-19 illness markedly increased across the four
groups of patients. Almost identical results were found when we
used a different cut-off value of NLR for stratifying the COVID-19
cases, i.e., 3.2 that corresponds to the upper tertile of distribution of
NLR values in the entire cohort of patients (data not shown).

In binary logistic regression analysis, compared to those
without MAFLD and NLR � 2.8 at hospital admission, patients
with MAFLD and NLR �2.8 (adjusted-odds ratio [OR] 5.32, 95%
confidence intervals [CI] 0.98–29.9, P = 0.053), those without
MAFLD and NLR > 2.8 (adjusted-OR 17.7, 95%CI 3.89–80.6,
P < 0.001), and those with MAFLD and NLR > 2.8 (adjusted-OR
25.9, 95%CI 5.32–127, P < 0.001) were associated with greater
severity of COVID-19 illness, even after adjustment for age, sex,
pre-existing diabetes, obesity and hypertension. In this multivari-
able regression model, older age (adjusted-OR 1.03, 95%CI 1.01–
1.06, P < 0.05), male sex (adjusted-OR 2.63, 95%CI 1.22–5.01,
P < 0.01) and hypertension (adjusted-OR 2.68, 95%CI 1.20–5.98,
P < 0.01) were also independently associated with greater risk of
having severe COVID-19.

Our study has some limitations, including the relatively modest
sample size, the Asian ancestry of the cohort, and the lack of any
data on lymphocyte subsets (by flow cytometry) and serial
monitoring of NLR during the hospital stay. Despite these
limitations, our study is the first to examine the differential
effects of MAFLD and increased NLR on severity of COVID-19. It has
been shown that increased NLR (and T lymphopenia) is strongly
associated with poorer in-hospital outcomes amongst patients
with COVID-19 [1,7], and also predicts with reasonable accuracy
the fibrosis stage and other histological features of MAFLD [3,4].

Our multicentre preliminary analysis confirms the prognostic
value of NLR in hospitalised patients with COVID-19, and shows for
the first time that patients with imaging-defined MAFLD and
increased NLR values on admission are at substantially higher risk
of severe illness from COVID-19, irrespective of age, sex and
metabolic comorbidities. It is possible that the presence of MAFLD
ence of metabolic dysfunction-associated fatty liver disease (MAFLD) and values of
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with increased NLR exacerbates the virus-induced inflammatory
‘‘storm’’, possibly through the hepatic release of several proin-
flammatory cytokines, thereby contributing mechanistically to
severe COVID-19 illness. However, further studies in larger Asian
and non-Asian cohorts of COVID-19 patients are needed to better
elucidate the link between MAFLD and COVID-19 severity.
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Three alternative ways to screen for hyperglycaemia in
pregnancy during the COVID-19 pandemic
In 2010, the French-speaking Society of Diabetes (SFD; Société

Francophone du Diabète) and French National College of Obste-
tricians and Gynaecologists (CNGOF) proposed an expert consen-
sus on screening and caring for hyperglycaemia in pregnancy (HIP)
in France. They recommended selective screening based on fasting
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