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Hypocalcemia is associated with
adverse outcomes in patients
with diabetes and COVID-19
Xinyue Xu †, Qin Zhu †, Yaling Yang, Jia Liu, Chenwei Wu,
Duoduo Qu, Chunhong Wang and Xiaolong Zhao*

Department of Endocrinology, Shanghai Public Health Clinical Center, Shanghai, China
Background: Patients with diabetes and COVID-19 have a worse prognosis. The

aim of this study was to investigate the prevalence of hypocalcemia in patients

with diabetes and COVID-19, and assess the relationship between serum calcium

levels and prognosis in these patients.

Methods: A retrospective analysis was conducted on 919 patients with diabetes

admitted for COVID-19 from February 2022 to May 2022. The population was

categorized into three groups according to serum calcium levels. The primary

outcome was the risk of developing severe COVID-19, and the secondary

outcomes included the risk of requiring advanced respiratory support

(including high-flow oxygen, non-invasive ventilation, and invasive ventilation).

Logistic regression analysis was used to evaluate the association between

hypocalcemia and the prognosis of COVID-19 patients with diabetes.

Result: Among the 919 patients with diabetes, the median age was 70 (56-81)

years, and 498 (54.2%) were male. The prevalence of hypocalcemia in COVID-19

patients with diabetes was 78.8%. The serum calcium level was negatively

correlated with inflammatory markers (hsCRP, ESR, PCT, IFN). The serum

calcium level was positively correlated with albumin, CD4+ T cell counts, and

CD8+ T cell counts. In Multivariate analysis, after adjustment for age and gender,

the higher risk of severe illness was observed in patients with a serum calcium

level <1.94 mmol/L (OR 2.86, 95%CI [1.78-4.59], P<0.001).

Conclusion: Admission serum calcium level is associated with the prognosis of

COVID-19 patients with diabetes. Hypocalcemia increases the risk of progression

to severe COVID-19 in patients with diabetes.
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1 Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 is a type of

coronavirus transmitted through respiratory droplets and contact,

causing Coronavirus Disease 2019 (COVID-19) (1). COVID-19 is

highly contagious and affects a broad population. With appropriate

treatment, most patients exhibit a favorable prognosis. However,

severe cases can rapidly advance to Acute Respiratory Distress

Syndrome (ARDS), intractable metabolic acidosis, and coagulation

dysfunction that is challenging to rectify. According to reports,

approximately 10% of the COVID-19 population has diabetes (2, 3).

Diabetes is one of the risk factors for severe COVID-19. Studies

have shown that, compared to individuals without diabetes, patients

with diabetes and COVID-19 tend to experience more severe

clinical symptoms, and have worse biochemical indicators and

outcomes (4). Diabetes impairs innate and humoral immunity.

Patients with diabetes infected with COVID-19 have elevated

levels of IL-6 and C-reactive protein, so the proinflammatory

state of diabetes may favor the cytokine storm and systemic

inflammatory response that accompanies ARDS in patients with

COVID-19 (5).

COVID-19 can contribute to multisystem injury, severe COVID-

19 patients may experience an imbalance of fluid and electrolyte

owing to the stress response, of which hypocalcemia was one of the

common clinical manifestations. Calcium ions function as crucial

second messengers, intricately involved in the regulation of nearly all

cellular processes within mammalian cells, and they play a

fundamental role in the mechanism of viral replication (6, 7).

Existing research has indicated a significant correlation between

hypocalcemia and the prognosis of patients with COVID-19

pneumonia (8). Therefore, this study aims to investigate the

prevalence of hypocalcemia in patients with diabetes and COVID-

19 during the COVID-19 pandemic in Shanghai in the spring of

2022. Additionally, the study intends to analyze the relationship

between serum calcium levels and the prognostic outcomes of these

patients. This research could have significant implications for clinical

practice by informing the management of calcium levels in patients

with diabetes and COVID-19. Early identification and treatment of

hypocalcemia in these patients may help mitigate the risk of severe

outcomes, potentially leading to more targeted and effective

treatment strategies.
2 Method

2.1 Research objects

The study was approved by the Ethics Committee of the

Shanghai Public Health Clinical Centre (2023-S069-01). Patients

with diabetes hospitalized with COVID-19 admitted to the

Shanghai Public Health Clinical Center from February 1, 2022 to

May 31, 2022 were enrolled for retrospective analysis. All patients

were confirmed based on the “Diagnosis and Treatment Protocol

for Novel Coronavirus Pneumonia (Trial 9th Edition)” published
Frontiers in Endocrinology 02
by the National Health Commission of China. The diagnostic

criteria for severe case was that the patient meets any of the

following conditions: (1) shortness of breath, respiratory rate ≥ 30

breaths/min; (2) Oxygen saturation ≤ 93% at rest while breathing

ambient air; (3) Arterial oxygen partial pressure (PaO2)/fraction of

inspired oxygen (FiO2) ≤ 300 mmHg; (4) Progressive worsening

of clinical symptoms, with imaging showing significant progression

of lung lesions >50% within 24–48 hours. The diagnostic criteria for

critical case was that the patient meets any of the following

conditions: (1) respiratory failure requiring mechanical

ventilation; (2) onset of shock; (3) multiple organ dysfunction

requiring monitoring and treatment in the Intensive Care Unit.

Severe and critical patients were categorized as severe cases.

Inclusion criteria: 1) diagnosis of COVID-19 confirmed by PCR

from nasal or oral swabs; 2) for patients with diabetes, the diagnosis

is based on medical history or hemoglobin A1c (HbA1c) level ≥

6.5% measured after admission. Exclusion criteria: (1) age under 18

years; (2) estimated glomerular filtration rate(eGFR) < 15 ml/min/

1.73m2; (3) incomplete medical records.
2.2 Data collection and research outcomes

Data on gender, age, medical history, vaccination status,

complications, and outcomes, were collected from all subjects.

Within 24 hours of admission, routine biochemical parameters,

inflammatory markers, immune cell counts, and electrolyte

metabolism parameters were collected. Hypocalcemia was defined

as serum calcium levels <2.2 mmol/L (9). Albumin adjusted calcium

(mmol/L) = total calcium (mmol/L) + 0.02 [40 – albumin (g/L)].

The study population was divided into tertiles categories according

to the serum calcium level on admission, serum calcium < 1.94

mmol/L in group low, ≥ 1.94 mmol/L and ≤ 2.11 mmol/L in group

medium; serum calcium >2.11 mmol/L in group high. eGFR was

calculated using the CKD Epidemiology Collaboration (CKD-EPI)

Creatinine Equation. The primary outcome was the development of

severe COVID-19, and the secondary outcome was the need for

advanced respiratory support therapy (including high-flow oxygen,

non-invasive ventilation, and invasive ventilation).
2.3 Data analysis

Normality was tested using the shapiro-wilk test, and p < 0.05

was considered as not obeying a normal distribution. Normally

distributed data are expressed as means ± SD and independent

samples t-test was used to compare between the 2 groups. Non-

normally distributed data are expressed as median (interquartile

range), and comparisons between groups were performed using the

Mann-Whitney U test. Spearman correlation analysis was used to

evaluate the correlation between various indicators. Logistic

regression was used to analyze the association between

hypocalcemia and the prognosis of patients with COVID-19 and

diabetes. P < 0.05 was considered as a statistically significant

difference. SPSS 19.0 software was used for statistical analysis.
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3 Results

3.1 Baseline data of the overall study
population.

Table 1 shows the main clinical characteristics of the study

population. 919 people were included in this study, aged 70 (56-81)

years, and 498 (54%) were male. In this cohort, 10.4% of patients

progressed to severe COVID-19, 9.1% of patients needed advanced

respiratory support therapy, HbA1c was 6.9 (6.6-8.2) %, serum

calcium level was 2.01 (1.91-2.17) mmol/L, and 78.8% of patients

developed hypocalcemia. The proportion of severe COVID-19 cases

in group low (20.5% vs 5.5% vs 3.5%), the proportion of requiring

advanced respiratory support therapy (18.6% vs 5.2% vs 4.5%), and

the number of days of hospitalization (9 [6-15] vs 9 [5-13] vs 11 [6-

14]) were significantly more than those in groups medium and high.

p< 0.05. Among them, patients in group medium (6.9 [6.6-8.0]%)

had better HbA1c than group low (6.9 [6.5-8.1]%) and group high (7

[6.6-8.8]%), P < 0.05. The CD4+ T cell counts and CD8+ T cell

counts in group low were significantly lower than those in group

medium, P < 0.05. Interleukin-6 (IL-6) in group low was significantly

higher than those in group medium and group high, P < 0.05.
3.2 The level of serum calcium was closely
related to other inflammatory factors and
cellular immune function.

Table 2 shows that the serum calcium level was negatively

correlated with age, phosphorus, lactate dehydrogenase (LDH), uric

acid (UA), urea, high-sensitivity CRP (hsCRP), erythrocyte

sedimentation rate (ESR), procalcitonin (PCT), and interferon-a

(IFN-a). The serum calcium level was positively correlated with

albumin, eGFR, CD4+ T cell counts and CD8+ T cell counts.
3.3 Lower serum calcium level was related
to adverse outcome

As shown in Table 3, we analyzed the factors influencing the

adverse outcome of COVID-19 in patients with diabetes. In

univariate analysis, several factors, including advanced age, high

aspartate transaminase (AST) level, high hsCRP level, high ESR

level, and hypocalcemia, were identified as potential risk factors for

adverse outcomes in patients with COVID-19 and diabetes. In

Multivariate analysis, after adjustment for age and gender, the

higher risk of severe illness was observed in patients with a serum

calcium level < 1.94 mmol/L (OR 2.86, 95%CI [1.78-4.59], P <

0.001). Vaccination reduced the risk of patients progressing to

severe COVID-19 (OR 0.22, 95%CI [0.09-0.57], P < 0.001.
4 Discussion

In this retrospective cohort study involving 919 patients with

diabetes and COVID-19, we observed a high prevalence of
Frontiers in Endocrinology 03
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TABLE 1 Continued

Parameter Total (n=919) Group I (<1.94, n=306) Group II (1.94~2.11, n=306) Group III (>2.11, n=307)

20 (13-29.8) 19 (12.5-32)

20 (17-27) 20 (15-28)

203 (177-236) 199 (175-234)

40 (37.8 -43) 40 (36-43)

29 (26-31) 29 (26-32)

5.1 (4.2-6.1) c 4.6 (3.6-5.8)

.5) ab 289.5 (241.1-347.9) c 269 (211.8-327.4)

ab 94.0 (87.5-100.2) c 123.4 (113.8-139.4)

) ab 2.12 (0.50-6.52) 2.62 (0.50-16.72)

79.79)a 633.14 (436.27-865.87) 576.6 (393.31-782.81)

58.05) ab 333.18 (234.78-530.21) 334.10 (204.60-520.05)

26 (9-67) 23 (9-54)

0.1 (0.1-0.1) 0.1 (0.1-0.1)

0.82 (0.37-1.68) 0.81 (0.40-1.87)

a 1.63 (1.19-2.39) 1.65 (1.90-2.52)

ab 1.96 (1.15-3.97) 1.98 (1-4.22)
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ALT (U/L) 19 (12-30.8) 17 (12-29)

AST (U/L) 20 (16-29) 21 (16-30)

LDH (U/L) 203 (176-243) 211 (176-251) a

Albumin (g/dL) 40 (36-42) 38 (34.5 -41) ab

Globulin (g/dL) 29 (26-32) 29 (27-33)

Urea (mmol/L) 5.4 (4.2-6.9) 7 (5.6-9.6) ab

UA (umol/L) 296.5 (239.5-363.9) 349.0 (277.8-41

eGFR (ml/min/1.73m2) 95.0 (75.4-114.5) 66.7 (54.3-74.1)

hsCRP (mg/L) 2.77 (0.50-13.63) 4.15 (0.78-18.29

CD4 cell counts (cell/uL) 583.74 (394.83-808.78) 525.75 (359.34-

CD8 cell counts (cell/uL) 327.96 (210.77-497.28) 301.77 (190.21-

ESR (mm/h) 28 (10-68) 36 (14-74) ab

PCT (ng/mL) 0.1 (0.1-0.1) 0.1 (0.1-0.14) ab

IFN-a (pg/mL) 0.81 (0.38-1.79) 0.78 (0.36-2.04)

IL-5 (pg/mL) 1.58 (1.08-2.46) 1.36 (0.98-2.37)

IL-6 (pg/mL) 2.13 (1.13-4.84) 2.57 (1.23-6.76)

Continuous variables are expressed as median (interquartile range). Discrete traits are expressed as n (%) Abbreviations as
ARST, advanced respiratory support therapy.
a< 0.05 group I vs group II.
b < 0.05 group I vs group III.
c < 0.05 group II vs group III.
b
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hypocalcemia in hospitalized patients. Patients with hypocalcemia

generally had worse clinical outcomes, with a significantly increased

risk of developing severe COVID-19 and requiring advanced

respiratory support therapy. Our findings align with previous

research by Di Filippo et al., which also reported a high

prevalence of hypocalcemia in COVID-19 patients, particularly

those with severe disease (8). Their study noted that over 70% of

COVID-19 patients exhibited hypocalcemia upon admission,

consistent with our observed rate of 78.8% in diabetic patients

(8). This reinforces the notion that hypocalcemia is a common and

significant feature in COVID-19, especially among those with

comorbid conditions like diabetes.

The relationship between hypocalcemia and COVID-19

prognosis is complex. Our study demonstrates a significant

association between low serum calcium levels and severe

outcomes in diabetic COVID-19 patients. However, it remains

unclear whether hypocalcemia is a causative factor for disease

progression or merely a marker of severe illness. Recent evidence

suggests that COVID-19 may have a direct role in disrupting

calcium metabolism, potentially contributing to hypocalcemia

(10). COVID-19 may affect calcium homeostasis through

mechanisms such as viral entry into host cells and the hyper-

inflammatory state seen in critically ill patients. The cytokine storm
Frontiers in Endocrinology 05
associated with severe COVID-19 can lead to increased systemic

inflammation, multi-organ dysfunction, and secondary

hypocalcemia. Some studies, like the one by Mardani et al.,

suggest that hypocalcemia may be a marker of severe

inflammation rather than a direct causative factor for disease

progression (11). They argue that hypocalcemia reflects the extent

of systemic inflammation and multi-organ involvement, which are

prevalent in critically ill patients. This view contrasts with our

findings, where hypocalcemia appears to play a more active role in

worsening clinical outcomes. These differences may be attributed to

variations in study design, patient populations, and the timing of

serum calcium assessments.

Vitamin D can regulate serum calcium levels and has

immunomodulatory functions (12). Previous studies have shown

that vitamin D levels were associated with the severity and mortality

of COVID-19 (13). Hypocalcemia has been associated with poor

prognosis in COVID-19, which may be due to a deficiency in

vitamin D. Hypovitaminosis D not only disrupts calcium

homeostasis but also plays a crucial role in immune function.

Emerging evidence suggests that hypovitaminosis D may impair

the long-term immune response following vaccination, potentially

leading to suboptimal vaccine efficacy (14). In addition,

hypovitaminosis D is recognized as a significant risk factor for

the development of diabetes itself, further complicating the clinical

scenario in patients with diabetes and COVID-19 (15, 16).

Therefore, vitamin D deficiency not only contributes to

hypocalcemia but also worsens the overall prognosis by increasing

the risk of metabolic disorders such as diabetes, which are known to

exacerbate COVID-19 outcomes. By influencing both calcium

metabolism and immune responses, vitamin D status may play a

critical role in determining the clinical course of COVID-19 in

patients with diabetes.

In this study, the eGFR level was significantly lower in the lowest

serum calcium group compared to the other two groups. In addition,

we observed a clear correlation between serum calcium levels and

other biochemical indicators such as phosphorus and uric acid, which

may indicate that cell damage and metabolic disorders are

exacerbated in severe COVID-19 cases. Patients with diabetes were

at increased risk of kidney failure, and in the event of kidney failure,

phosphorus and uric acid cannot be effectively excreted from the

body, resulting in hyperphosphatemia and hyperuricemia.

Hyperphosphatemia induces hypocalcemia by interfering with

phosphorus excretion in the dysfunctional kidneys (17, 18). In

addition, phosphate binds to ionized calcium and removes it from

the serum. Severe COVID-19 patients secrete a large amount of

inflammatory factors, which changes the permeability of the cell

membrane, causing calcium influx and reducing the activity of calcium

pumps, resulting in a decrease in serum calcium (19). Severe

pulmonary patients have many complications, often combined with

gastrointestinal diseases, liver and kidney dysfunction, and reduced

calcium intake, absorption, and synthesis (20). Patients with

COVID-19 were prone to hypoalbuminemia (especially albumin).

Serum albumin is highly positively correlated with serum calcium

concentration, causing patients to reduce both bound calcium and

ionized calcium (21). Severe COVID-19 patients are characterized by a
TABLE 2 Correlations of calcium with other indicators in patients.

Parameter R P value

Age (years) -0.352 <0.001

Length of Hospitalisation(days) -0.044 0.178

HbA1c (%) 0.041 0.224

Phosphorus (mmol/L) -0.069 0.036

Sodium (mmol/L) 0.110 0.001

ALT(U/L) -0.006 0.851

AST(U/L) -0.086 0.009

LDH (U/L) -0.106 0.001

Albumin (g/dL) 0.112 0.001

Globulin (g/dL) -0.046 0.162

Urea (mmol/L) -0.479 <0.001

Uric acid (umol/L) -0.399 <0.001

eGFR (mL/min/1.73m2) 0.949 <0.001

hsCRP (mg/L) -0.085 0.011

CD4 cell counts (cell/uL) 0.091 0.006

CD8 cell counts (cell/uL) 0.122 <0.001

ESR (mm/h) -0.091 0.008

PCT (ng/mL) -0.081 0.015

IFN-a (pg/mL) -0.088 0.01

IL-5 (pg/mL) -0.032 0.346

IL-6 (pg/mL) -0.065 0.058
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hyperinflammatory response with high levels of inflammatory and

organ injury biomarkers. The serum calcium level was negatively

correlated with several inflammatory markers (hsCRP, RSR, PCT,

IFN-a, AST, LDH), suggesting that an inflammatory response was

present early on in COVID-19 patients in the lowest calcium group

and that an “inflammatory factor storm”may have occurred, resulting

in the progression of the patient to severe disease. Hypocalcemia can

also cause various physiological function problems such as nerve

conduction, muscle contraction and tension, hormone synthesis and

secretion, etc. Patients may experience abnormal sensations, numbness

of limbs, and in severe cases, convulsions, spasms, QT interval

prolongation, etc. For patients who require advanced respiratory

support, especially mechanical ventilation, severe hypocalcemia may

cause laryngospasm and cardiac dysfunction, which will prolong the

patient’s mechanical ventilation time. If not treated in time, it may

increase the patient’s risk of death (22).

It is noteworthy that our findings indicate that patients with a

lower proportion of vaccination had the most severe hypocalcemia.

This association requires further investigation to elucidate the

underlying mechanisms. It is plausible that unvaccinated patients,

who are at an elevated risk of severe illness, may experience more

pronounced systemic inflammation and organ dysfunction, leading

to greater disturbances in calcium homeostasis. Vaccination, by

reducing the severity of COVID-19 infection, could mitigate these

effects. Further studies are required to explore the exact relationship
Frontiers in Endocrinology 06
between vaccination status and hypocalcemia in patients with

COVID-19 infection.

Due to Chinese specific treatment protocols for COVID-19 in

the past, all patients with COVID-19 required hospitalization, and

the sample of people included in this study is relatively more

comprehensive. Consequently, the population examined in this

study is relatively comprehensive, allowing for a focused

investigation into electrolyte imbalances occurring in diabetic

patients after COVID-19 infection. 919 people were included in

this study. Hypocalcemia plays a significant role in adverse outcomes

in COVID-19 patients with diabetes, and the article outlines

potential causes and mechanisms influencing calcium levels.

However, the study has some limitations: 1. the study lacked

crucial parameters, such as 1,25(OH)2D3 and PTH levels, which

play a key role in calcium regulation; 2. this is a retrospective study

and cannot establish a causal relationship; 3. This study did not

analyze the effect of smoking on the prognosis of patients with new

crowns, and some studies have shown that smoking may affect the

prognosis of patients with COVID-19 (23).
5 Conclusions

In summary, patients with COVID-19 and diabetes are prone to

hypocalcemia, the serum calcium level was negatively correlated
TABLE 3 Univariate and multivariate analysis of the progression to severe cases for all individuals.

Parameter Univariate, OR (95%CI) P value Multivariate, OR (95%CI)a P value

Age (years) 1.07 (1.05-1.09) <0.001

Gender (Male) 1.15 (0.75-1.76) 0.519

Vaccination (%) 0.1 (0.04-0.26) <0.001 0.22 (0.09-0.57) 0.002

Serum Calcium (mmol/L) 0.02 (0.00-0.06) <0.001 0.06 (0.02-0.23) <0.001

Grouping of
serum calcium

group II-III 1 (ref)

group I 4.8 (3.06-7.53) <0.001 2.86 (1.78-4.59) <0.001

HbA1c (%) 0.95 (0.83-1.07) 0.388

ALT (U/L) 1.00 (1.00-1.09) 0.314

AST (U/L) 1.01 (1.01-1.01) 0.012 1.01 (1.01-1.01) 0.05

Albumin (g/dL) 0.95 (0.91-0.98) 0.003 0.95 (0.91-0.99) 0.01

eGFR (ml/min/1.73m2) 0.97 (0.99-0.99) <0.001 0.98 (0.97-0.99) <0.001

hsCRP (mg/L) 1.01 (1.01-1.01) 0.016 1.01 (1.01-1.01) 0.024

CD4 cell counts (cell/uL) 0.99 (0.99-0.99) 0.004 0.99 (0.99-0.99) 0.032

CD8 cell counts (cell/uL) 1.00 (1.00-1.00) 0.247

ESR (mm/h) 1.01 (1.01-1.01) 0.009 1.01 (1.01-1.01) 0.031

PCT (ng/mL) 1.01 (0.92-1.11) 0.876

IFN-a (pg/mL) 1.00 (0.94-1.06) 0.905

IL-5 (pg/mL) 1.00 (0.96-1.04) 0.982

IL-6 (pg/mL) 1.00 (1.00-1.01) 0.274
aAdjusted for age and gender.
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with inflammatory factors. Patients with serum < 1.94 mmol/L were

approximately 2.8-fold increased probability of progressing to

severe COVID-19 than other patients. Hypocalcemia was

associated with adverse outcomes in patients with COVID-19

and diabetes.
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