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INTRODUCTION 

Multimorbidity is defined as a given person having two 

or more coexisting long-term medical conditions, 

whether these are related or not.
[1]

 Its prevalence has 

been reported to have a remarkable increase worldwide 

and is expected to double by 2035, particularly among 

individuals above 65 years with four or more chronic 

medical conditions.
[2]

 Globally, the components of 

metabolic syndrome (hypertension and diabetes mellitus 

[DM]) are identified as the common disease clusters and 

the main drivers of multimorbidity.
[3]

 Moreover, age, 

gender, obesity, education, socioeconomic status and 

residential regions are known predictors influencing both 

the prevalence and patterns of multimorbidity.
[3,4]

 Older 

patients are a vulnerable group and are prone to several 

chronic diseases, leading to increased morbidities and 

mortalities as a result of reduced physical body fitness to 

fight multiple diseases.
[5]

 Multimorbidity is associated 

with a huge burden, including cognitive, social, sexual 

health, psychological distress, poor medication 

adherence and quality of care with financial hardships to 

access proper medical services for multimorbidity 

care.
[6,7]

 Additionally, health systems are not 

appropriately equipped to provide proper integrated and 

coordinated care to reduce the burden of 

multimodbidity.
[6,7]

 Hence, the effective evaluation of 

multimorbidity and the improvement of the 

understanding of the related health problems are 

cornerstones for refining and improving the 

multimorbidity health concept that involve patients’ 

perspectives as well as medical education and health 

systems to establish an integrated health system 

partnerships with doctors, community health providers 

and patients with their families.
[8]

  

 

Nevertheless, TN remains a major global health problem 

that is defined as an abnormal lesion within the thyroid 

gland tissue.
[9]

 The prevalence of TNs has markedly 
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Background: Multimorbidity is a complex phenomenon and a growing global health challenge. Therefore, this 
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2
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levels and the outcome of thyroid ultrasound findings were not associated with multimorbidity. In a multivariate 
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1.144, 95% CI 1.028 ‒1.274) and high FT3, (AOR = 0.703, 95% CI = 0.505 ‒ 0.978) were associated with 
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increased during the last two decades. Furthermore, TNs 

are especially prevalent among females: women 

(36.51%) versus men (23.47%).
[10]

 The estimated overall 

global prevalence of TNs was 24.83%, irrespective of the 

diagnostic techniques adopted,
[10] 

Globally, variations in 

the prevalence of TNs has been reported in different 

areas
[11]

 Fortunately, enough, most TNs are benign 

(72.5%).
[12]

 However, the risk of thyroid malignancy 

requires proper early evaluation to improve prognoses 

and outcome to achieve a high cure rate.
[13]

 Moreover, 

adoption of robust tools for assessing TNs, such as 

thyroid ultrasound
[14,15]

, sonography-guided fine needle 

aspiration cytology (FNAC)
[15,16]

, scoring systems for 

thyroid ultrasound
[16]

, thyroid FNAC
[17]

 and genetic and 

molecular testing facilities
[18]

, has improved the accuracy 

of diagnosis and the safety of the technique while 

lowering the rate of unnecessary FNAC or thyroid gland 

surgeries
[16,17] 

Some studies have demonstrated a 

significant association between TNs and some chronic 

diseases.
[14,19,20]

 TNs are identified as a growing medical 

and health problem in the KSA that is especially 

prevalent in females and could pose considerable 

malignancy risks.
[12,21,22]

 Moreover, thyroid malignancy 

was ranked the third most common cancer in the KSA
[23]

 

and the second most common cancer among Saudi 

females after breast cancer.
[24]

 TNs in KSA are 

associated with significant morbidity and mortality 

burden
[22]

, in addition to the financial burden, especially 

for those with aggressive thyroid malignancy.
[25]

 On the 

other hand, recent data from KSA demonstrated 

multimorbidity as a considerable health problem in 

different regions that deserves more attention and is 

currently being underestimated.
[26,27]

 Moreover, it is 

associated with significant morbidity rates and a high 

mortality rate related to multimorbidity
[28]

, financial 

burdens on the health system to cover the management
[29]

 

and direct effects on the patients, particularly in older 

individuals with polypharmacy.
[30]

 Recently, one study 

has described a high prevalence in common chronic 

diseases in general, such as DM (55.4%), hypertension 

(49.1%), DM and hypertension co-morbidity (26.8%), 

obesity (22.2%), anaemia (4.7%) and bronchial asthma 

(8.9%), in the Saudi population.
[31]

 Similarly, some 

chronic diseases were reported in patients with TNs: 

thyroid hyper-hypofunction, DM, hypertension and 

bronchial asthma.
[14,32]

 Considering the importance of 

multimorbidity and TNs as growing medical problems 

and the lack of published data on the coexistence of both 

conditions in the region, the current study aimed to 

investigate the prevalence and associated risk factors of 

multimorbidity among adult patients with TNs in KSA.  

 

Methods 

A retrospective study was conducted at the Royal 

Commission Hospital in Al Jabail Industrial City that 

lasted from January 1, 2015 to December 31, 2021. The 

electronic medical files of adult patients (men and 

women) aged 18 years and older were retrieved. The 

study included those with documented TNs based on an 

ultrasound procedure that was performed in the radiology 

department of the hospital. Medical files with incomplete 

data or thyroid ultrasound reports for thyroid ultrasounds 

performed outside the hospital were excluded. 

Sociodemographic data, including each patient’s age, 

gender, weight and height, were recorded. Common 

comorbidities were identified using a data collection 

sheet: thyroid status (euthyroid, hypo or 

hyperthyroidism), DM, hypertension and bronchial 

asthma, obesity and anaemia. Similarly, laboratory tests 

that were conducted during a time in which TNs were 

collected that evaluated the following: complete blood 

count (WBC, haemoglobin and platelet counts), vitamin 

D levels, lipid profiles (total cholesterol, low-density 

lipoprotein, high-density lipoprotein and triglycerides) 

and thyroid function (TSH, FT3 and FT4). Each thyroid 

ultrasound procedure was performed by a radiology 

specialist. Then, each report was reviewed and ultimately 

approved by a radiology consultant. The radiological 

department in the hospital adopted the American College 

of Radiology Thyroid Imaging Reporting and Data 

System (ACR TI-RADS) for evaluating TNs (Table 

1).
[33]

 

 

Table (1) (TI-RADS) 

Category definitions 

TI-RADS -1 Benign 

TI-RADS -2 Not suspicion 

TI-RADS -3 Mildly suspicion 

TI-RADS -4 Moderately suspicion 

TI-RADS -5 Highly suspicion 

ACR TI-RA 

DS: American College of Radiology Thyroid Imaging 

Reporting and Data System. 

 

Definition of variables 

Multimorbidity is defined as the coexistence of two or 

longer-term medical conditions, whether related or not, 

in a given person.
[1]

 

 

TNs: TNs were diagnosed based on the definition of the 

American Thyroid Association (ATA) Guidelines for 

assessing TNs.
[9]

 

 

Body mass index (BMI): BMI was computed as the 

body mass divided by the square of the body height; it 

was expressed in units of kg/m
2
, resulting from mass in 

kilograms and height in meters.
[34]

 BMI was grouped 

according to the World Health Organization (WHO) 

classification: underweight (< 18.5 kg/m
2
), normal 

weight (18.5–24.9 kg/m
2
), overweight (25.0–29.9 kg/m

2
) 

or obese (≥ 30.0 kg/m
2
).

[34]
 

 

Anaemia: Anaemia was diagnosed based on the world 

health organization’s definition of the disease: anaemia is 

considered if haemoglobin concentration of < 12 g/dl in 

non-pregnant women and < 13 g/dl in men.
[35]

 

 

Vitamin D deficiency: Vitamin D deficiencies are 

identified if  25-hydroxyvitamin D (25(OH)D) levels of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10079371/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10079371/table/T1/
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< 30 ng/mL; levels equal to or above this cutoff point 

indicate normal levels.
[36]

 

 

DM: A diagnosis of DM was considered for those who 

had documentations of Type 1 or Type 2 and whether 

they were on diet control or on glucose-lowering drugs 

during TN assessment. 

 

Hypertension: Patients diagnosed with hypertension and 

receiving treatment during assessment of TNs were 

considered as having hypertension. 

 

Bronchial asthma: This variable includes individuals 

diagnosed with bronchial asthma based on the 

documentation of their medical records. 

 

Thyroid dysfunction: Indicates the documented 

diagnosis of hypothyroidism or hyperthyroidism based 

on thyroid function tests or treatment for thyroid 

dysfunction on their medical records during the 

assessment of TNs.  

 

Statistical analysis 

Data were entered into a computer using IBM Statistical 

Package for the Social Sciences
®
 (SPSS

®
) for Windows, 

version 22.0 (SPSS Inc., New York, United States). The 

proportions were expressed as frequencies (%). The 

Shapiro–Wilk test for determining the normality of 

continuous data (age, BMI, vitamin D levels, thyroid 

function test, haematological indices and lipid profile) 

revealed a non-normal distribution. The non-normally 

distributed data were expressed as the median 

(interquartile range [IQR]). A univariate analysis was 

performed for multimorbidity as the dependent variable 

and sociodemographic demographic (age, sex, age, BMI, 

vitamin D levels, thyroid function test, haematological 

indices, lipid profile and thyroid ultrasound findings) as 

independent variables. A multivariate analysis was also 

performed that included all variables with p < 0.2 to 

control for confounding variables. Adjusted odds ratios 

(AORs) and 95% confidence intervals (CIs) were 

calculated as they were applied. A two-sided p < 0.05 

was considered statistically significant. 

 

RESULTS 

391 patients with documented TNs were enrolled in the 

study. The median (IQR) of the age was 46.00 (20.0) 

years and 332 (84.9%) of them were females. The 

median (IQR) of BMI was 30.27 (7.71) kg/m
2
, 25[OH)] 

D level was 14.5 (12.0) nmol/L. The median (IQR) for 

the thyroid function test was TSH 1.71 (2.43) mmol/L, 

FT4 1.12 (0.45) ng/dL FT3 2.69 (0.40) nmol/L. The 

median (IQR) of haemoglobin was 12.6 (1.7) gm/dl, 

platelet count 276.15 (95.80) 10
9
/L and WBCc was at 

7.01 (2.63) 10
9
/L. The medians (IQR) of lipid profile, 

total cholesterol, low-density lipoprotein, high-density 

lipoprotein and triglyceride were 5.8 (3.89) mmol/L, 3.76 

(0.80) mmol/L, 3.00 (1.71) mmol/L and 1.78 (1.11) 

mmol/L respectively (Table 2).  

 

Table 2: General Characteristics of Patients Who Had Documented Tns In Eastern Region 2015-2021. 

Variables  Median Interquartile range 

Age, years  46.00 20.0 

Body mass index, kg/m
2
  30.27 7.71 

(25[OH)]D) levels, nmol/L  14.5 12.0 

TSH, mmol/L  1.71 2.43 

FT3, nmol/L  2.69 0.40 

FT4, ng/dL  1.12 0.45 

Total cholesterol, mmol/L  5.8 3.89 

Low-density lipoprotein, mmol/L  3.76 0.8 

High-density lipoprotein, mmol/L  3.00 1.71 

Triglyceride, mmol/L  1.78 1.11 

Haemoglobin, gm/dl.  12.60 1.7 

White blood cell, 10
9
/L.  7.01 2.63 

Platelet, 10
9
/L  276.15 95.80 

  Number Proportion 

Gender 
Female 332 84.9 

Male 59 15.1 

Anaemia 
No 239 61.1 

Yes 152 38.9 

Diabetes mellitus 
No 297 76.0 

Yes 94 24.0 

Hypertension 
No 303 77.5 

Yes 72 22.5 

Bronchial asthma 
No 360 92.1 

Yes 31 7.9 

Obesity 
No 189 48.3 

Yes 202 51.7 
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Thyroid status 

Euthyroid 250 64.0 

Hypothyroidism 112 28.6 

Hyperthyroidism 29 7.4 

Ultrasound 

ACR TIRADS1 10 2.6 

ACR TIRADS2 72 18.4 

ACR TIRADS3 159 40.7 

ACR TIRADS4 142 36.3 

ACR TIRADS5 8 2 

 

Moreover, 72 (22.5%), 94 (24.0%), 31 (7.9%), 112 

(28.6%) 29 (7.4%), 152 (38.9%) and 202 (51.3%) 

patients were diagnosed with hypertension, DM, 

bronchial asthma, hypothyroidism, hyperthyroidism, 

anaemia and obesity, respectively. A total of 208 adults 

(53.2%) had multimorbidity: 117 (29.9%), 51 (13.0%), 

33 (8.4%), 6 (1.5%) and 1 (0.3%) patients had two, three, 

four, five and six morbidities, respectively. The 

remaining 54 (13.8%) and 129 (33.0%) patients had no 

morbidity and one morbidity, respectively. 

 

The prevalence of multimorbidity among adult patients 

with TNs was considerably high (53.2%). The outcome 

of thyroid ultrasound reports based on ACR TI-RADS 

are as follows: ACR TI-RADS-1(2.6%), ACR TI-RADS-

2 (18.4%), ACR TI-RADS-3 (40.7), ACR TI-RADS-4 

(36.3%) and ACR TI-RADS-5 (2%). 

In univariate analysis, no significant associations were 

found between multimorbidity in adult patients with TNs 

and gender, low-density lipoprotein, high-density 

lipoprotein, triglyceride, 25-hydroxyvitamin D (25[OH)] 

D) levels and the outcome of thyroid ultrasound. 

however, there was a significant association between 

multimorbidity in these patients and age (AOR = 1.054, 

95% CI = 1.037 ‒1.071), WBCc, (AOR = 0.098, 95% CI 

= 0.996 ‒1.209), Platelet, (AOR = 0.998, 95% CI = 

0.996 ‒1.000), TSH, (AOR = 1.054, 95% CI = 0.990 

‒1.122), FT3, (AOR = 0.654, 95% CI = 0.482 ‒0.887), 

FT4, (AOR = 0.914, 95% CI = 0.796 ‒1.049) and total 

cholesterol, (AOR = 0.809, 95% CI = 0.730 ‒ 0.897) 

(Table 3). 

 

 

Table 3: Univariate analysis of the predictors associated with multimorbidiy among adult patients with TNs in 

eastern region, 2015-2021. 

Variables  

Adults with no 

multimorbidity 

(n=183) 

Adults 

multimorbidity 

(n=208) 

OR (95.0 %CI P 

  Median    

Age, years  42.0(20.0) 52.0 (20.5) 1.054(1.037 ‒1.071) 0.000 

White blood cell, 10
9
/L  6.6 (2.7) 7.4(2.46) 0.098(0.996 ‒1.209) 0.059 

Platelet, 10
3
/dl  276.15 (80.0) 272.28(101.05) 0.998(0.996 ‒1.000) 0.117 

TSH, mmol/L  1.7(2.12) 1.82 (2.71) 1.054(0.990 ‒1.122) 0.100 

FT3, nmol/L  2.69(0.36) 2.69 (0.46) 0.654(0.482 ‒0.887) 0.006 

FT4, ng/dL  1.12 (0.49) 1.12(0.42) 0.914(0.796 ‒1.049) 0.199 

Total cholesterol, mmol/L  7.28(3.64) 5.38(4.23) 0.809(0.730 ‒ 0.897) 0.000 

Low-density lipoprotein, mmol/L  3.76(0.34) 3.76(1.12) 0.981(0.934 ‒1.030) 0.439 

High-density lipoprotein, mmol/L  3.00 (1.54) 3.00 (1.78) 1.005(0.985 ‒1.024) 0.642 

Triglyceride, mmol/L  2.26 (1.04) 1.55 (1.15) 0.961(0.802 ‒1.153) 0.670 

(25[OH)]D) levels, nmol/L  14.00(10.9) 14.6 (10.9) 1.009(0.992 ‒1.027) 0.297 

  Number    

Gender 
Female 155 (84.7) 177 (85.1) 0.970(0.557 ‒1.688) 

0.913 
Male 28 (15.3) 31 (14.9) Reference 

Ultrasound 

ACR TIRADS1 1(0.5) 9 (4.3) Reference  

ACR TIRADS2 35 (19.1) 37 (17.8) 15.0(1.215‒185.198) 0.035 

ACR TIRADS3 77 (42.1). 82 (39.4) 1.762(0.392‒7.929) 0.460 

ACR TIRADS4 65 (35.5) 77 (37.0) 1.775(0.410‒7.679) 0.443 

ACR TIRADS5 5 (2.7) 3(1.4) 1.974(0.454‒8.578) 0.364 

 

In multivariate analysis, platelet count, thyroid-

stimulating hormone, free thyroxine, and total 

cholesterol were not significantly associated with 

multimorbidity obesity in patients with TNs. Age (AOR 

= 1.057, 95% CI = 1.039 ‒1.075), WBCc (AOR = 1.144, 

95% CI 1.028 ‒1.274) and FT3 (AOR = 0.703, 95% CI = 

0.505 ‒ 0.978), were highly significantly associated with 

multimorbidity in adult patients with TNs (Table 4).  
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Table 4: Multivariate analysis of the predictors associated with multimorbidiy in patient with thyroid nodules in 

eastern region 2015-2021. 

Variables OR (95.0 %CI P 
Age, years 1.057 (1.039 ‒1.075) 0.000 
White blood cell, 10

9
/L 1.144 (1.028 ‒1.274) 0.013 

Platelet, 10
3
/dl 0.999 (0.996 ‒ 1.002) 0.421 

Thyroid-stimulating hormone, mmol/L 1.055 (0.985‒1.130) 0.129 
Free thyroxine, ng/dL 0.90 (0.773 ‒  1.047) 0.171 
Free triiodothyronine, nmol/L 0.703(0.505 ‒ 0.978) 0.036 
Total cholesterol, mmol/L 0.926 (0.819 ‒ 1.046) 0.217 

 

DISCUSSION 

The study featured a high prevalence (53.2%) of 

multimorbidity among adult patients with TNs, a figure 

that was considerably higher than that reported in two 

studies assessing multimorbidity in the general 

population in KSA: (5.6%)
[26] 

and (42.7%).
[30]

 Similarly, 

the obtained prevalence was comparatively higher than 

the overall global prevalence of multimorbidity in the 

general population (37.2%). The regions with the highest 

prevalence of multimorbidity include South America 

(45.7%), North America (43.1%), Europe (39.2%), Asia 

(35%)
[37] 

and the Middle East (21.8%).
[27]

 The prevalence 

among the general population obtained in the current 

study was almost similar to that reported in Ethiopia 

(54.8%).
[4]

 Interestingly, notable variations in the 

prevalence of multimorbidity in the general population 

was observed in low- and middle-income countries 

(3.2%–90.5%)
[6]

 and among different ages: the 

prevalence of multimorbidity was low to moderate (3%–

23%) in younger people compared to older adults (30%–

87%).
[3]

 This considerable variation in the prevalence 

was explained by the underestimation of 

multimorbidity
[27,30]

 to some extent due to geographic 

variation
[26]

, the lack of studies that have been conducted 

on multimorbidity
[27] 

and the fact that both conditions 

(TNs and multimorbidity) are prevalent among old 

individuals.
[31,38,39]

 The higher prevalence of 

multimorbidity identified in this study may be in 

concordance with the global and national growth of both 

multimorbidity and TNs.
[2,10,12,40]

 Moreover, the elements 

of multimorbidity assessed in this study were prevalent 

among adult Saudi people in a particular old-age group 

based on recently published data.
[31]

 Additionally, most 

of the subjects recruited for the current study were 

females (84.9%), which is consistent with the findings of 

some studies showing that multimorbidity was prevalent 

among Saudi female
[41]

, as was DM, obesity, 

hypothyroidism
[42]

 and TNs.
[12]

 Moreover, the differences 

in prevalence reported in these various studies is caused 

by variations in the definitions adopted for 

multimorbidity (some studies defined it as having at least 

two morbidities, whereas others held that at least three 

chronic medical conditions were required to consider 

multimorbidity)
[43]

 or the heterogeneity in 

methodologies.
[44]

  

 

In this study, increased age is a significant predictor for 

multimorbidity among adult patients with TNs. This 

matches similar results obtained from different studies 

conducted in KSA and across the globe.
[10,14,19,31,38–40]

 

Similarly, the fact that both conditions (TNs and 

multimorbidity) are prevalent among old people
[3,31,38,39]

 

may be explained by the notion that ageing is associated 

with thyroid dysfunction in particular, clinical and 

subclinical hypo- and hyperthyroidism, thyroid nodular 

diseases and thyroid malignancy.
[45]

 Moreover, advanced 

age is associated with TN formation as a result of 

degeneration of thyroid cells, leading to fibrosis, 

infiltration of inflammatory cells and thyroid follicle 

changes.
[46]

 Furthermore, recently published data 

demonstrated the coexistence of both thyroid diseases 

and the multimorbidity, including the elements of 

metabolic syndrome (DM, hypertension and 

dyslipidemia) in the elderly.
[47,48]

 This was strengthened 

by recently published data indicating that ageing was 

positively and directly linked to increased prevalence of 

multimorbidity.
[41]

 Furthermore, ageing is associated 

with complex interactions between biological, 

psychological, behavioural, socioeconomic and 

environmental factors leading to increased risk of 

multimorbidity.
[41]

 Additionally, most of the factors 

contributing to multimorbidity appear to share the same 

biology pathways.
[49]

 

 

The current study demonstrated a significant association 

between higher FT3 and multimorbidity in patients with 

thyroid nodular diseases. A similar significance in terms 

of high FT3 was documented in patients with TNs, 

particularly elderly patients.
[14]

 Furthermore, the same 

significant association of high FT3 and metabolic 

syndrome or its components was observed.
[50–52]

 This 

may point to a close link between genetically higher BMI 

and higher FT3, indicating that body-fat percentage play 

causal roles in enhancing high FT3 levels.
[53]

 Moreover, 

high levels of FT3 might induce physiological adaptation 

in the elderly, as higher levels of FT3 and lower levels of 

FT4 were associated with lower mortality rates and 

increase dependence on one’s family.
[54]

 This may be 

explained by the association of Thr92Ala-DIO2 

polymorphism and clinical syndromes of multimorbidity 

that include hypertension, Type 2 DM, mental disorders, 

lung injury, bone turnover, autoimmune thyroid disease 

and the polymorphism in a single nucleotide (Type 2 

deiodinase [Dio2]), the enzyme responsible for the 

conversion of thyroxine (T4) in to triiodothyronine 

(T3).
[55]

 On the other hand, high levels of FT3 may be 

associated with the patients with hyperthyroidism 

included in the study and the overexpression of sodium 
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iodide symporter (NIS) protein in all functioning thyroid 

nodules (toxic adenomas), follicular cells of toxic thyroid 

adenomas and in 54% of benign, nonfunctioning thyroid 

nodules compared with the normal surrounding tissue.
[56]

 

Moreover, the adenyl cyclase system in the plasma 

membrane of some hyperfunctioning nodules enhances 

hyperresponsiveness to TSH.
[57]

 

 

The current study revealed that elevated WBCc was a 

significant predictor for multimorbidity in patients with 

TNs. This aligns with similar results obtained in old 

patients with comorbidities.
[58–60]

 Moreover, WBCc is 

deemed a valuable marker of systemic inflammation at 

low costs and with high precision.
[59]

 Interestingly, 

WBCc is considered a more clinically useful predictor of 

than serum cholesterol levels in clinical geriatric 

settings
[59]

, in addition to being a significant predictor 

that is more positively associated with overall 

mortality.
[61]

 On the other hand, among the biochemistry 

parameters and haematological indices, WBCc and the 

positive rate of eosinophil percentage were significantly 

elevated in individuals with thyroid nodular diseases 

compared to those without TNs
[62] 

and thyroid 

dysfunction.
[63]

 Furthermore, in the absence of other 

causes for leukocytosis, elevated WBCcs were attributed 

to thyroid malignancy.
[64]

 The association with 

multimorbidity and elevated WBCcs has been been 

proposed to be directly involved in the pathogenesis of 

vascular diseases and has merely been considered a risk 

indicator of vascular damage.
[65]

 The same is applied to 

the well-known relationship between elevated WBCc 

among patients with DM
[66]

 and metabolic syndrome.
[60]

 

Likewise, clear evidence supports the notion that 

neutrophil, a subgroup of WBCc, is most strongly linked 

with coronary risk and predicts cardiovascular 

death.
[67,68]

 There are several plausible mechanisms that 

explain how WBCc may increase metabolic syndrome 

risk, as insulin resistance is considered to be the root 

cause of metabolic syndrome.
[69]

 This may point to the 

relationship between insulin resistance and WBCc in 

metabolic syndrome, which is associated with pro-

inflammatory cytokine release and the activation of 

protein kinases that subsequently impair insulin receptor 

substrate and reduce the expression of glucose 

transporter
[70]

, eventually negatively affecting the 

regulation of blood glucose uptake.
[71]

 In addition, the 

association between elevated WBCc and elevated blood 

pressure may be linked to impaired endothelial function, 

leading to an inflammatory process associated with 

reduced antioxidant and anti-inflammatory effects, 

increased vascular permeability, and increased 

inflammatory cytokines coupled with disturpted vascular 

endothelium protection enhanced by the production of 

nitric oxide and prostacyclin.
[72]

 In contrast, the WBCs 

bind to the vascular endothelium, which may cause an 

increase in leukocytosis in the capillaries, subsequently 

inducing capillary stenosis, increasing vascular pressure 

and eventually leading to permanent hypertension.
[73]

 

Interestingly, experimental animal data suggest that the 

effects of lymphocytes could be mediated by modulating 

vascular function, sympathetic outflow, renal sodium 

reabsorption and salt handling via antigen-presenting 

cells to develop hypertension.
[74]

 It is relevant to note that 

anaemia was associated with reactive hyperleukocytosis 

and thrombocytosis that rapidly resolved after correction 

of anaemia.
[75,76]

 Moreover WBCc was linked with 

bronchial asthma, particularly during the exacerbation of 

the disease, as it predicts the length of hospital stay and 

mechanical ventilation rate.
[77]

 Moreover, the activation 

of Th1- and Th2-associated interferons, interleukin, 

specific interleukin proteins and cytokines in patients 

with bronchial asthma.
[78]

 In addition, it has been 

suggested that neutrophils play a role in bronchial 

asthma pathophysiology.
[79]

 In this study, the remaining 

variables showed a non-significant association between 

multimorbidity among adults with TNs, as reported in 

recently published data.
[14,20,80]

 This may be explained by 

the fact that TN pathogenesis
[81]

 and multimorbidity
[82]

 

are both of multifactorial aetiology enhanced by genetic 

predisposition and the individuals’ environmental 

interactions. Hence, the mechanisms underlying the 

development of multimorbidity are complex, multilevel 

and interrelated, which should encourage additional 

research in the multimorbidity field and the training of 

medical and health staff involved in the management 

along with reconfiguration of health care supporting the 

management to improve the outcomes and prognoses for 

this vulnerable group of patients aligned with patients’ 

values and safety.
[82]

 
 

 

This study has several limitations: it is a retrospective 

study and was conducted in only one centre; the 

definition of multimorbidity is not globally unified (in 

this study, patients having two or more coexistent 

morbidities indicated multimorbidity); and certain risk 

factors were not assessed, such as diet, physical exercise, 

smoking and alcohol consumption. Moreover, detailed 

information regarding disease severity and income was 

not included due to data availability issues. The data 

obtained showed a comprehensive multimorbidity 

pattern prevalent in the elderly. Finally, certain important 

diseases that are more prevalent among older individuals, 

such as prostate diseases, osteoarthritis and cancer, were 

not included. This limitation may lead to an 

underestimation of the prevalence of multimorbidity and 

the misclassification of multimorbidity patterns. 

 

CONCLUSION 

The high prevalence of multimorbidity among adult 

patients with TNs indicates that multimorbidity is a 

major public health problem. Moreover, extensive 

studies are required to assess the magnitude of 

multimorbidity to improve future planning and establish 

effective health systems. Old age, elevated FT3 and 

WBCc appeared to be significant predictors for 

multimorbidity in this group of patients. 
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