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Abstract: Background: Both direct and indirect effects of COVID-19 have been found in all age
groups. In particular, adult data demonstrated significant changes in patients with chronic and
metabolic disease (e.g., obesity, diabetes, chronic kidney disease (CKD), and metabolic associated
fatty liver dysfunction (MAFLD)), while similar pediatric evidence is still limited. We aimed at
investigating the impact of the COVID-19 pandemic lockdown on the relationship between MAFLD
and renal function in children with CKD due to congenital abnormalities of the kidney and urinary
tract (CAKUT). Methods: A total of 21 children with CAKUT and CKD ≥ stage 1 underwent a
comprehensive evaluation within 3 months before and 6 months after the first Italian lockdown.
Results: At follow-up, CKD patients with MAFLD presented higher BMI-SDS, serum uric acid,
triglycerides, and microalbuminuria levels and lower eGFR levels than those without MAFLD (all
p < 0.05). Higher ferritin and white blood cell concentrations were also found in patients with
CKD diagnosed with MAFLD than peers without MAFLD (both p = 0.01). Compared to children
without MAFLD, a higher delta of BMI-SDS, eGFR levels, and microalbuminuria levels was found in
patients with MAFLD. Conclusions: Due to the negative influence of the COVID-19 lockdown on
cardiometabolic health in childhood, a careful management of children with CKD is warranted.

Keywords: metabolic associated fatty liver disease; chronic kidney disease; renal function; COVID-19;
lockdown; children

1. Introduction

The ongoing coronavirus disease 19 [COVID-19] pandemic has disrupted lives across
all countries [1,2], with a significant impact on morbidity and mortality [3,4]. As a result of
the social distancing measurements to contain the spread of the infection, the subsequent
lockdown has dramatically affected the daily routine of people worldwide [5,6]. Different
medical and psychological effects have been reported both in adults and children who have
experienced the lockdown [7–10].

More interestingly, a close relationship between COVID-19 and chronic diseases
(including obesity, type 2 diabetes (T2D), and chronic liver, lung, and kidney disease)
has been recently described both in adults [11–13] and in children [7,14,15] due to the
bidirectional intimate link of COVID-19 and chronic diseases with inflammation [15,16]. In
particular, liver abnormalities have been found to be significantly increased in COVID-19
patients [17,18], and a more severe infection has been reported in subjects with pre-existing
liver diseases, such as metabolic associated fatty liver disease (MAFLD) [19–21]. This
new nomenclature—primarily proposed for adults in 2020 [22] and then updated for
children [23]—emphasized the close association of fatty liver with metabolic derangements
by highlighting the cardiometabolic risk (e.g., metabolic syndrome, T2D, insulin resistance
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(IR), and cardiovascular disease) of these patients since childhood [24]. Recent adult data
have demonstrated not only a close and independent association of MAFLD with chronic
kidney disease (CKD) [13,25–27], but also its interplay with metabolic derangements [28,29],
while evidence in childhood is still lacking.

Both conditions are chronic, progressive diseases with an increased global preva-
lence [30,31] sharing certain metabolic pathways (e.g., inflammation) [27,29,32,33]. From
a pathophysiological point of view, MAFLD might contribute to CKD through several
metabolic factors, including abdominal obesity, IR, inflammation, and oxidative
stress [26,27,30].

In light of the impact of COVID-19 and lockdown measures on adult chronic diseases
(e.g., MAFLD and CKD) [21,34] and the paucity of similar pediatric data, we aimed to
investigate the influence of the COVID-19 pandemic lockdown on the relationship between
MAFLD and renal function in childhood.

2. Materials and Methods

A total of 34 children and adolescents aged 5–17 years with congenital abnormalities of
the kidney and urinary tract (CAKUT)-related CKD stages 1–4 consecutively attending our
Nephrology Clinic for a regular follow-up were retrospectively selected. Patients observed
within 3 months (from December 2019 to February 2020) before and within 6 months (from
May 2020 to November 2020) after the end of the first Italian lockdown were retrospectively
identified. Exclusion criteria were considered as: (i) denied consent to be included in the
study or to undergo any procedure (n = 5); (ii) occurrence of urinary tract infection (UTI)
(n = 3) and of COVID-19 infection (n = 5) between the two observation points. Therefore,
we enrolled 21 patients. No patient dropouts occurred.

The Ethics Committee of our university approved the study (0010396/i). Written
informed consent from all the children and their parents was obtained prior to commenc-
ing the study for diagnostic procedures and for anonymous processing of the data for
retrospective studies.

Moreover, a historical cohort of 21 patients matched for age and sex, examined between
2004 and 2007 and who underwent two follow-up visits with an interval time between the
two visits of 11–14 months, was also selected.

Anthropometric, laboratory, and instrumental data were retrospectively collected from
the clinical charts between December 2021 and May 2022.

At every follow-up visit (before and after lockdown), all the enrolled subjects routinely
underwent a comprehensive clinical, biochemical, urinary, and instrumental assessment.
In our clinical practice, these evaluations are commonly included in the regular follow-up
to ensure an accurate monitoring of renal function in such at-risk patients.

Physical examinations were conducted by trained physicians. Anthropometric mea-
surements were obtained in a standing position while lightly clothed and without shoes, as
described elsewhere [24].

Blood pressure was obtained by three oscillometric measurements taken with an
appropriate-sized arm cuff every five minutes, and high blood pressure levels were con-
firmed by using the auscultatory method (taking three additional measurements). Blood
samples were collected after an overnight fast [24].

Daily proteinuria was measured as described elsewhere [35]. Albuminuria was defined
as the presence of the albuminuria creatinuria ratio of ACR ≥ 30 mg/g. Normal urinary
albumin excretion was defined as an ACR of <30 mg/g. Microalbuminuria was defined as
an ACR ranging from 30 to 300 mg/g.

Serum creatinine levels were estimated through the Jaffe method, as traditionally used
in our laboratories. Due to the absence of the modified assay for creatinine, the eGFR was
calculated by using the original Schwartz equation and then normalized to the ideal body
weight-derived body surface area [36].

MAFLD diagnosis was based on the radiological evidence of hepatic steatosis and
the presence of at least one of the following criteria, namely, overweight/obesity, T2D,
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or evidence of metabolic dysregulation (defined as the presence of two or more of these
conditions: (1) Waist circumference > 95th percentile for age and sex; (2) Blood pressure
> 95th for age, sex, and height; (3) Triglycerides > 150 mg/dL; (4) HDL < 40 mg/dl;
(5) prediabetes; (6) homeostasis model assessment-insulin resistance (HOMA-IR) score > 2.5;
and (7) C-reactive protein (CRP) levels > 2 mg/L) [22,23].

Statistical Analysis

Data were expressed as mean ± SD or proportions (%). We classified the study
population according to MAFLD presence/absence, and we compared the main features
between these groups at baseline and at follow-up observations. The delta between both
observations (pre- and post- lockdown) was also calculated for the main characteristics,
and differences in these values in patients with and without MAFLD were examined.

Differences for continuous variables were analyzed with the independent sample
t-test for normally distributed variables and with the Mann–Whitney test in case of non-
normality. Qualitative variables were compared by using the Chi-square or Fisher’ exact
test, as appropriate. Significance was considered at the level of p < 0.05.

The IBM SPSS Statistics software, Version 24 (IBM, Armonk, NY, USA), was used for
all statistical analyses.

3. Results

The mean age of the study population was 10.63 ± 4.8 years. The main characteristics
at baseline (pre-lockdown) and at follow-up (post-lockdown) of patients stratified according
to pediatric MAFLD definition are shown in Table 1. At baseline, CKD subjects with
MAFLD did not show significant differences for the main anthropometric variables (Table 1).
Baseline serum triglycerides levels were significantly higher in CKD patients with MAFLD
than in those without MAFLD (p = 0.04). At follow-up, CKD patients with MAFLD
showed higher BMI-SDS and DBP-SDS values than those without MAFLD (both p = 0.03).
Moreover, increased serum uric acid, triglycerides, and microalbuminuria levels and lower
eGFR levels were found in children with MAFLD compared to those without MAFLD
(p = 0.01, p = 0.03, p = 0.04, and p = 0.03, respectively) (Table 1). As inflammation markers,
higher ferritin and white blood cell concentrations were also found in patients with CKD
diagnosed with MAFLD than peers without MAFLD (both p = 0.01).

Table 1. Main features of the patients with CKD at baseline and at follow-up.

Patients with CKD at Baseline Patients with CKD at Follow-Up

No MAFLD
(n = 14)

MAFLD
(n = 7) p-Value No MAFLD

(n = 14)
MAFLD
(n = 7) p-Value

BMI-SDS 0.04 ± 1.06 0.25 ± 1.87 0.86 0.29 ± 1.08 1.17 ± 1.32 0.03

Sex (male), No. (%) 8 (57.1) 3 (42.8) 0.81 9 (64.2%) 4 (57.1%) 0.68

Stage 1 CKD, No. (%) 5 (35.7) 2 (28.5) 0.92 4 (28.5) 1 (14.2) 0.77

Stage 2 CKD, No. (%) 9 (64.2) 3 (42.9) 0.87 10 (71.4) 3 (42.8) 0.49

Stage 3 CKD, No. (%) 0 (0) 1 (14.3) 0.99 0 (0) 2 (28.5%) 0.99

Stage 4 CKD, No. (%) 0 (0) 1 (14.3) 0.99 0 (0) 1 (14.3) 0.99

Stage 5 CKD, No (%) 0 (0) 0 (0) 0.99 0 (0) 0 (0) 0.99

SBP-SDS 0.09 ± 1.17 1.04 ± 1.20 0.51 0.92 ± 1.08 0.93 ± 0.93 0.96

DBP-SDS 0.07 ± 0.54 0.24 ± 0.50 0.23 0.18 ± 0.75 1.03 ± 1.15 0.03

ALT, U/L, U/L 18.91 ± 7.19 19.20 ± 4.38 0.76 21.84 ± 6.84 21.56 ± 8.32 0.87

AST, U/L 20.61 ± 6.1121 23 ± 5.05 0.62 23.45 ± 4.96 24.20 ± 7.05 0.12

Phosphorus, mg/dL 4.10 ± 0.62 4.36 ± 1.38 0.80 154.44 ± 34.08 162.63 ± 26.85 0.25

Total-Cholesterol, mg/dL 159.18 ± 14.93 172.00 ± 21.32 0.34 158.58 ± 14.39 174.01 ± 20.12 0.25
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Table 1. Cont.

Patients with CKD at Baseline Patients with CKD at Follow-Up

No MAFLD
(n = 14)

MAFLD
(n = 7) p-Value No MAFLD

(n = 14)
MAFLD
(n = 7) p-Value

Triglycerides, mg/dL 91.76 ± 45.34 98.33 ± 42.18 0.04 78.01 ± 20.50 157.50 ± 15.78 0.03

Glycemia, mg/dL 76.89 ± 8.83 81.03 ± 7.55 0.87 77.31 ± 5.91 82.11 ± 5.43 0.09

Uric acid, mg/dl 5.18 ± 1.62 5.48 ± 1.17 0.73 5.50 ± 1.02 7.38 ± 0.84 0.01

Hemoglobin, g/dl 13.44 ± 1.51 14.38 ± 1.31 0.12 13.33 ± 1.49 14.22 ± 1.31 0.16

White Blood Cells, ×103/µL 6988.56 ± 3702.49 7412.42 ± 1177.96 0.74 6813.33 ± 936.52 9457.50 ± 2935.17 0.01

eGFR, mL/min/1.73 m2 92.08 ± 9.02 85.95 ± 17.55 0.33 91.55 ± 10.88 76.53 ± 17.22 0.03

Neutrophils, ×103/µL 4037.50 ± 1487.39 3226.00 ± 921.07 0.28 3815.83 ± 880.77 5200.01 ± 1974.84 0.06

Platelets, ×103/µL 251,636.36 ±
76,322.04

278,750.01 ±
101,032.58 0.68 25,625.00 ±

74,504.57
278,761.00 ±

101,042.65 0.63

Urea, mg/dl 48.92 ± 12.46 44.60 ± 15.59 0.55 45.92 ± 11.62 53.17 ± 15.96 0.28

Ferritin, µg/L 21.01 ± 4.24 30.01 ± 5.75 0.44 12.75 ± 10.46 40.67 ± 9.61 0.01

Parathormone, pg/mL 21.51 ± 9.42 13.83 ± 8.27 0.25 26.11 ± 6.12 17.42 ± 13.06 0.12

Vitamin D, ng/mL 29.20 ± 13.89 16.10 ± 1.97 0.27 26.43 ± 9.07 27.56 ± 16.55 0.87

Microalbuminuria, mg/L 47.30 ± 90.87 207.60 ± 411.31 0.24 115.40 ± 145.28 374.67 ± 559.71 0.04

UPr/UCr, mg/mg 0.27 ± 0.35 0.54 ± 0.81 0.40 0.31 ± 0.33 1.01 ± 1.27 0.09

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index;CKD, chronic
kidney disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; MAFLD, Metabolic
associated fatty liver disease; SBP, systolic blood pressure; SDS, standard deviation score; UPr/UCr, urinary
protein/creatinine ratio. Bold values are for statistical significance.

Compared to patients without MAFLD, children with MAFLD showed—between the
two observation points—a significantly higher delta of BMI-SDS (0.52 ± 1.23 vs. 0.44 ± 0.49,
p = 0.01), of eGFR levels (11.65 ± 15.95 vs. 4.33 ± 7.01, p = 0.02), and of microalbuminuria
levels (122.01 ± 129.45 vs. 25.33 ± 33.16, p = 0.04).

In the historical cohort, the mean age (10.8 ± 5.1 SDS) was similar to that of the
examined cohort for this research (p = 0.77). Compared to the present cohort, in the historical
group, 6/21 patients (28.5%) were diagnosed with MAFLD (p = 0.69), and a significantly
lower increase of MAFLD parameters was observed (delta of BMI-SDS 0.19 ± 0.38, delta of
DBP-SDS 0.34 ± 0.62, and delta of Triglycerides 32.21 ± 20.75) compared to those observed
in the present cohort (p for delta BMI-SDS 0.02, for DBP-SDS 0.02, and for Triglycerides
0.03, respectively).

4. Discussion

Our findings showed for the first time a negative impact of the COVID-19 lockdown
on renal function in a pediatric cohort with MAFLD and CKD. Due to certain shared
pathogenic factors, including inflammation and IR, metabolic derangements represent
common features both in MAFLD and CKD patients. Several studies have examined the re-
lationship of chronic diseases with COVID-19 infection [12,13,15,19], but to our knowledge,
no current pediatric evidence is available on the consequences of the coexistence of such
conditions during lockdown.

In light of the role of obesity as a potential risk factor for SARS-CoV-2 infection and a
severe COVID-19 clinical course [37–39], the association of COVID-19 with MAFLD has
received increasing scientific attention in adult populations, but evidence in childhood is
still limited [39,40].

To complicate matters, the role of obesity as a risk factor for severe COVID-19 illness
has been demonstrated [37,38,41]. In particular, an increased risk of severe COVID-19
illness more than sixfold has been found for adult patients with MAFLD [38]. Of interest,
this has been also demonstrated in young patients with MAFLD [40,42].
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From this perspective, prevention of SARS-CoV-2 infection and weight control in
pediatric MAFLD patients (as children at higher intrinsic cardiometabolic risk) represent
crucial steps in this sensitive period of life [43].

Nevertheless, our observations contributed to add and expand current knowledge
of the impact of the COVID-19 lockdown on the renal health of children with preexisting
chronic diseases, such as MAFLD and CKD. Based on our preliminary but intriguing data,
we speculate that the adverse effect of the COVID-19 lockdown on kidney function in
children with MAFLD and CKD might be due to a vicious circle realized by the shared
pathophysiological factors (e.g., inflammation and IR) and by certain environmental de-
terminants, including increased physical inactivity and sedentary behaviors, related to
the lockdown [39]. In fact, lifestyle interventions, including weight loss and regular phys-
ical activity, play a key role not only for MAFLD treatment [43], but also for the overall
management of patients with CAKUT-related renal impairment [35]. As previously demon-
strated [44], during the lockdown, a significant percentage of children with CKD showed
not only disease progression, but also an increased BMI mean, likely due to less adherence
to the Mediterranean diet and increased negative eating habits. Given also the intricate
pathophysiological link between microalbuminuria and IR [45,46], the dysmetabolism that
occurred in these children during lockdown [44,47] might explain both the large change in
albuminuria and the potentially higher MAFLD risk in these patients.

Besides the well-known direct impact of COVID-19 on people’s health [19,39,48], several
indirect effects of the related lockdown measures have been also reported [48–51]. In particular,
metabolic health seemed to be dramatically affected by the lifestyle changes that occurred
during lockdown [40,49–52], resulting in a significant worsening of the spectrum of metabolic
abnormalities (e.g., body composition, fatty liver, metabolic syndrome, and glucose homeosta-
sis), both in adults and children [51–54]. As childhood has been regarded as the most delicate
and crucial period of life, with a greater vulnerability to the effects of cardiometabolic risk [55],
the long-term consequences of the impact of the lockdown measures need to be adequately
addressed.

However, this research has some limitations that need to be mentioned. The design of
our preliminary study was retrospective, and the number of enrolled subjects—although
well-phenotyped at both observation points—was limited. Both aspects prevent the gener-
alizability of our results, but we were able to draw findings of clinical relevance. Moreover,
data regarding WC, CRP, and HOMA-IR values were available only in a non-significant
group of patients. Hepatic steatosis was diagnosed by liver ultrasound—as commonly used
in clinical practice—instead of by biopsy [56]. Indeed, although this latter is still considered
as the gold standard for the diagnosis of the disease, it represents an invasive procedure
with ethical concerns, and its use has been approved in selected cases in childhood [56].

In view of the dangerous liaison of MAFLD with CKD [13,39] and of the putative
effect of the COVID-19 outbreak lockdown on this association, a careful management of
these patients should be warranted to prevent the serious cardiometabolic burden of these
intertwined diseases.
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