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ABSTRACT

Background: Low-grade chronic inflammation is an important feature of chronic kidney disease 

(CKD). Aim: To determine the values of C-reactive protein (CRP), neutrophil-to-lymphocyte ratio 

(NLR) and platelet-to-lymphocyte ratio (PLR) in patients with different stages of CKD and to exam-

ine how they change depending on the progression of renal damage. Materials and methods: 

A cross-sectional descriptive comparative study included 157 subjects at different stages of CKD 

which was assessed based on glomerular filtration rate (GFR) calculated according to the MDRD 

equation. CRP was analyzed by an immunoturbidimetric method. NLR and PLR were calculated 

by a mathematical calculation after a blood count was performed. Results: The present study 

showed an increase in serum creatinine, CRP, and NLR values with progression of renal failure. 

There was a statistically significant difference in the creatinine and CRP concentrations between 

groups with different stages of CKD (p <0.001 for all comparisons). A significant positive correla-

tion was found between NLR and CRP, while negative, significant correlations were observed 

between NLR and eGFR as well as between PLR and eGFR. There was a slight increase in PLR 

value with the progression of renal impairment, but the correlation between PLR and CRP was 

not significant. Conclusion: These results suggest that NLR, together with CRP, may serve as an 

indicator of systemic low-grade inflammation progression in patients with CKD. Larger prospec-

tive studies are required to observe the possibility of using NLR as a surrogate marker for CRP 

in patients with CKD.

Keywords: C-reactive protein, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, 
chronic kidney disease
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INTRODUCTION

Chronic inflammation has a key role in the development of 
chronic kidney disease (CKD), which was recognized back 
in 1990. Previous literature findings show that persistent low-
grade inflammation is a major feature of CKD, and that the 
disease itself is insidious by nature, as it is rarely recognized 
at an early stage, and once it occurs, it develops progressively 
and irreversibly.1–4 Different factors contribute to the inflam-
matory status in CKD: increased production of inflammato-
ry cytokines and their decreased elimination from the body, 
oxidative stress, acidosis, chronic and recurrent infections, 
altered metabolism of adipose tissue, intestinal dysbiosis, 
and others.1 It is considered to contribute to cardiovascular 
(CV) and other causes of mortality in this group of patients, 
as well as to the development of protein-energy imbalance.3,5 
Low-grade chronic inflammation in CKD is characterized by 
a 2-3 fold increase in acute phase proteins and inflammatory 
mediators. Recent research emphasizes the importance of 
monitoring biomarkers of inflammation in CKD.1,3

C-reactive protein (CRP) is a well-known inflammatory 
biomarker. Published papers report increased levels of CRP 
in patients with CKD compared with healthy controls.6–8 
New hematological inflammatory markers have emerged 
in the past few years, such as the neutrophil-to-lymphocyte 
ratio (NLR) and the platelet-to-lymphocyte ratio (PLR), 
which increase during chronic inflammation.9–14 Their pre-
dictive and prognostic role has been proven in malignan-
cy, hypertension, heart disease, vascular disease, but also 
CKD.15 These biomarkers are gaining importance due to 
their relatively low price and availability, and they can be 
obtained by doing a routine blood count with a differential 
blood count. Research confirms that increased NLR and 
PLR are independent predictors of hypertension and CV 
death, but also of all other causes of death in the general 
population.15 Neutrophilic granulocytes increase in num-
ber in inflammation, while the number of lymphocytes de-
creases. Both markers have been positively correlated with 
the degree of proteinuria in CKD.16 

The aim of this study was to determine the values of 
CRP, NLR, and PLR in patients with different stages of 
CKD and to determine how their levels change depending 
on the progression of renal damage.

mATERIALS AND mETHODS

Study population

We conducted a cross-sectional descriptive comparative 
study, in which we included 157 CKD patients treated 

through the Nephrology Counseling Center and the Clinic 
of Nephrology of the Clinical Center of the University of 
Sarajevo. The average age of the study participants was 
56.5 ± 16.3 years, 70 (44.8%) were women and 87 (55.41%) 
were men. The diagnosis of CKD was defined according to 
the K/DIGO guidelines from 2012. Glomerular filtration 
rate (GFR) was calculated according to the MDRD (Modi-
fication of Diet in Renal Disease) formula: GFR (mL/
min/1.73 m²) = 175 × (serum creatinine)–1.154 × (age)–0.203 
× 1.212 for African-Americans. The subjects were divided 
into five groups according to the stage of CKD, which was 
assessed on the basis of estimated GFR (eGFR) as follows: 
n = 14 (8.9%) had normal renal function (stage 1), n = 27 
(17.2%) had slightly reduced renal function (stage 2), n = 
37 (23.6%) had moderately reduced renal function (stage 
3), n = 29 (18.5%) had severely reduced renal function 
(stage 4), while n = 50 (31.8%) had markedly reduced renal 
function (stage 5).

The study was conducted in accordance with the basic 
principles of the Helsinki Declaration on the rights of pa-
tients included in biomedical research and was approved by 
the Ethics Committee of the Clinical Center of the Univer-
sity of Sarajevo. The study did not include subjects with ma-
lignant diseases, acute inflammatory diseases (respiratory, 
gastrointestinal, and urinary tract) and systemic diseases 
(systemic lupus erythematosus, rheumatoid arthritis). 

Test samples were taken with a standard blood sampling 
method for biochemical and hematological analysis and 
processing. Patient samples were collected in Vacutainer 
serum separator tubes (Becton Dickinson, Rutherford, NJ, 
USA) in a volume of 3.5 mL. Serum samples were obtained 
by centrifugation at 4,000 rpm using a SIGMA 3-16P cen-
trifuge (SIGMA Laborzentrifugen GmbH, Osterode am 
Harz, Germany).

C-reactive protein was determined from a serum sam-
ple by immunoturbidimetric method, which was ampli-
fied by particles on a Cobas 6000 Roche/Hitachi analyzer. 
Creatinine was determined by a kinetic colorimetric test 
based on the Jaffé method on a Cobas 6000 Roche/Hita-
chi analyzer. The sample for differential blood count was 
venous blood collected in a vacutainer tube containing 
EDTA as anticoagulant and was done within two hours of 
venipuncture on a Cell Dyn Sapphire hematology analyzer 
(Abbott, USA). 

NLR was calculated as the quotient of the absolute 
number of neutrophilic granulocytes and lymphocytes, 
obtained as part of the differential blood count. PLR was 
calculated as the quotient of the absolute number of plate-
lets and lymphocytes, obtained as part of the differential 
blood count.
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Statistical analysis

The data were analyzed using SPSS software for statistical 
analysis (SPSS-Statistical Package for Social Sciences) ver-
sion 13.0 (Chicago, IL, USA). The results were expressed 
as mean ± standard deviation (SD) for normally distribut-
ed data or median with interquartile range for skewed vari-
ables. Differences between groups were tested by ANOVA 
test followed by post-hoc analysis through the Scheffe 
test or by the Kruskal-Wallis test followed by the Mann-
Whitney test depending on the normality of the data dis-
tribution (normality assessment through the Shapiro-Wilk 
normality test). Spearman’s Rho test was used for correla-
tion analysis. A p value <0.05 was considered statistically 
significant.

RESULTS

Our results did not show statistically significant differences 
between groups with different stages of CKD in terms of 
gender (p = 0.798) and age (p = 0.063). We found an in-
crease in serum creatinine and CRP concentrations with 
progression of renal failure. There was a statistically sig-
nificant difference in the values of serum concentration of 
creatinine and CRP between groups with different stages 
of CKD (p <0.001 for all comparisons) (Table 1).

NLR in patients with markedly reduced renal function 
(stage 5) (4.8 [3.0–5.9]) was significantly higher (p <0.001) 
than in patients with: normal renal function (stage 1) (2.13 
[1.55–3.07], p <0.001); slightly reduced renal function 
(stage 2) (2.34 [2.02–3.59, p <0.001); moderately reduced 
renal function (stage 3) (2.54 [1.77–3.17], p <0.001); and 
severely reduced renal function (stage 4) (3.3 [2.5–5.0], p 
= 0.002). A significant difference in NLR was also found 
between patients with severely reduced renal function and 
patients with: normal renal function (p <0.001), slightly re-
duced renal function (p <0.001), and moderately reduced 

renal function (p <0.001). A significant difference in NLR 
was also found when patients with moderately reduced 
renal function were compared with patients with normal 
renal function (p = 0.007) and when patients with slightly 
reduced renal function were compared with patients with 
normal renal function (p = 0.023) (Figure 1.)

PLR in patients with markedly reduced renal function 
(134.2 [110.5–193.6]) was significantly higher (p <0.001) 
than in patients with: normal renal function (stage 1) 
(104.2 [77.3–132.2], p <0.001); slightly reduced renal func-
tion (stage 2) (120.9 [86.8–167.2], p <0.001); moderately 
reduced renal function (stage 3) (114.9 [96.1–156.6], p 
<0.001). A significant difference in PLR was also found be-
tween patients with severely reduced renal function (133.1 
[112.6–191.1]) and patients with: normal renal function (p 
<0.001), slightly reduced renal function (p = 0.011), and 
moderately reduced renal function (p <0.001). 

A significant difference in PLR was also found when pa-
tients with moderately reduced renal function were com-
pared with patients with normal renal function (p <0.001) 
and when patients with slightly reduced renal function 
were compared with patients with normal renal function 
(p = 0.028) (Figure 2.)

There was a statistically significant positive correlation 
between NLR and serum CRP concentration (Rho = 0.344; 
p <0.001) and a statistically significant negative correlation 
between NLR and eGFR (Rho = –0.328; p <0.001).

A positive, although not significant, correlation was 
observed between PLR and CRP concentration (Rho = 
0.251; p = 0.067), while a negative, significant correlation 
was observed between PLR and eGFR (Rho = –0.243; p = 
0.002) (Table 2).

DISCUSSION

Values of inflammatory markers are elevated in patients 
with CKD compared with those with normal renal func-

TABLE 1. Basic characteristics of patients at different stages of chronic kidney disease 

Variables Normal  
renal function  

(n = 14)

Slightly reduced  
renal function 

(n = 27)

Moderately reduced 
renal function 

(n = 37)

Severely reduced 
renal function 

(n = 29)

Markedly reduced  
renal function 

(n = 50)

Age (years) 50.4 ± 16.7 55.3 ± 16.0 53.3 ± 16.0 60.9 ± 15.8 62.6 ± 17.3

Male gender n (%) 9 (64.3%) 14 (51.9%) 23 (62.2%) 15 (51.7%) 26 (52.0%)

Creatinine (µmol /L) 63.0 (56.3–78.0) 80.0# (72.0–95.0) 144.0#+ (116.5–162.5) 250.0#+* (218.5–310.0) 502.0#+*& (423.0–697.3)

CRP (mg/L) 2.3 (1.9–3.0) 5.8# (4.8–6.5) 9.4#+ (8.5–10.1) 12.6#+* (11.2–13.4) 17.2#+*& (15.8–18.9)

Data are presented as mean ± standard deviation (SD) or as numerical and percentage values (%) or as median and interquartile ranges; n - number of subjects; CRP - C reactive protein; p - probability

# p <0.001 – compared to the normal renal function
+ p <0.001 – compared to the slightly reduced renal function
* p <0.01 – compared to the moderately reduced renal function
& p <0.05 – compared to the severely reduced renal function
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tion and higher levels of these markers are associated with 
worsening of renal function.17–20 Uremia of varying de-
grees affects the general condition of patients with CKD, 
especially those in the final stages.21,22 Inflammatory cy-
tokines are produced and released under the influence of 
uremia, which causes chronic inflammation throughout 
the body.21 It is known that inflammation begins in the ear-
ly stages of CKD.7,8 Our study showed an increase in CRP 
values with the progression of renal impairment and found 
a statistically significant difference in the values of serum 
concentration of CRP between all groups of subjects with 
different stages of CKD. Liu et al. have investigated the 
inflammatory status in subjects with CKD, dividing them 
into three groups: CKD 1-2, CKD 3-4, and CKD-5. They 
found a statistically significant difference in CRP values 
between groups, as well as an increase in CRP values with 
progression of renal impairment.23 Our results are consis-

tent with the results of Tbahriti et al., who found higher 
CRP values in subjects who had moderately reduced, se-
verely reduced, and markedly reduced renal function com-
pared with those who had normal and slightly reduced re-
nal function.24 A previous study compared the CRP values 
of healthy subjects with the CRP values of subjects in end-
stage renal failure (without renal replacement therapy, who 
were on peritoneal dialysis and hemodialysis) and found 
higher CRP levels in subjects with end-stage renal failure 
and increasing CRP values with the progression of renal 
impairment.25 In their study, Adejumo et al. found higher 
values of CRP in a group of subjects with impaired renal 
function compared with the healthy population.26 Lalra-
menga et al. also showed that inflammation measured by 
CRP levels increases with declining renal function in pa-
tients with CKD.27 Numerous studies have shown that an 
increase in CRP levels is associated with the progression 
of CKD.28,29 Sharain et al. investigated the progressive in-
crease of inflammatory biomarkers in CKD stage 2–4 and 
final stage and confirmed a statistically significant increase 

TABLE 2. Correlation between NLR and PLR with CRP and eGFR in patients with chronic 

kidney disease

Variables CRP (mg/L) eGFR (mL/min/1.73m²)

Rho p Rho p

NLR 0.344 < 0.001 - 0.328 < 0.001

PLR 0.251 0.067 - 0.243 0.002

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; CRP, C-reactive protein; eGFR, estimated glomerular filtration 
rate; p, probability; Rho, Spearman’s correlation coefficient

 
FIGURE 2. The difference in the platelet-to-lymphocyte ratio 

(PLR) values between the patients at different stages of chronic 

kidney disease

Data are presented as median and interquartile ranges; p - probability

#p – compared to the normal renal function
+p – compared to the slightly reduced renal function
*p – compared to the moderately reduced renal function

 
FIGURE 1. The difference in the neutrophil-to-lymphocyte ratio 

(NLR) values between the patients at different stages of chronic 

kidney disease

Data are presented as median and interquartile ranges; p - probability

#p – compared to the normal renal function
+p – compared to the slightly reduced renal function
*p – compared to the moderately reduced renal function
**p – compared to the severely reduced renal function
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in CRP among CKD subjects in stage 2–4 and final stage, as 
well as higher CRP values compared to healthy subjects.30 

Contrary to these studies, a group of Indonesian authors 
did not find a statistically significant difference in hsCRP 
values between groups of subjects with moderately im-
paired, severely impaired, and markedly impaired renal 
function. This was explained with the small sample of 72 
subjects.31 The latest research by a group of Chinese au-
thors showed that long-term exposure to high CRP values 
was associated with an increased risk of developing CKD.32

NLR is a cheap, routinely used, and repeatable test, 
and many studies have found that it can be an indicator 
of systemic inflammation.15 This biomarker indicates an 
imbalance between effector cells (neutrophils) that re-
flect oxidative stress and regulatory cells (lymphocytes) 
that reduce the pro-inflammatory state.33,34 NLR, as a 
new biomarker of inflammation, reflects both the adap-
tive immune response (lymphocyte-mediated) and the in-
nate immune response (neutrophil-mediated).35–37 A high 
neutrophil count primarily reflects infection, while a low 
lymphocyte count indicates poor general health and phys-
iological stress.38 With respect to NLR, our study showed 
that NLR was significantlly higher in patients with mark-
edly reduced renal function (stage 5) than in patients with 
normal renal function (stage 1), slightly reduced (stage 2), 
moderately reduced (stage 3), and severely reduced renal 
function (stage 4), respectively. A significant difference in 
NLR was also observed between patients with severely 
reduced renal function and patients with other stages of 
CKD, as well as with patients presenting with normal re-
nal function. 

In their study, Yilmaz et al. found a statistically signifi-
cant difference in NLR values in subjects who had mod-
erately reduced and severely reduced eGFR compared 
with healthy volunteers.7 Another group of authors from 
Turkey also reported that NLR was significantly higher in 
patients in the final stage of CKD (without renal replace-
ment therapy, who are on peritoneal dialysis and hemo-
dialysis).39 NLR was also significantly associated with a 
rapid decline in the eGFR, defined as a decline of >5 mL/
min/1.73 m2/year in subjects with severely reduced renal 
function, who had a higher initial NLR.40 

Liu et al. studied NLR values in patients with autosomal 
dominant polycystic kidney disease who had normal renal 
function, in patients with mildly, moderately, and severely 
reduced renal function, and in healthy volunteers. They re-
ported no statistically significant difference in NLR values 
between subjects who had normal renal function (stage 
1) and a control group of healthy volunteers. Simultane-
ously, they showed that the value of NLR increased statis-

tically significantly with the progression of chronic renal 
failure (stages 2, 3, and 4).41 In inflammation, the number 
of neutrophils increases and the number of lymphocytes 
decreases, and studies suggest that NLR could be used as a 
simple marker of inflammation. Some studies have shown 
that higher initial NLR levels correlate with lower eGFR 
values, and higher NLR levels are associated with a de-
crease in eGFR.37,42 

PLR is also a cheap and readily available laboratory test 
that reflects an increased systemic inflammatory status.43 
Numerous studies testify to the close connection between 
PLR and inflammation.44–46 Prolonged inflammation leads 
to an increased proliferation of a series of megakaryocytes, 
which in turn causes an increase in platelet count.44,47 The 
bone marrow increases the number of neutrophils and 
decreases the number of lymphocytes during chronic 
stress.48 In addition, in cases of chronic continuous inflam-
mation, there is an increase in the number of neutrophils 
and a decrease in the number of lymphocytes (due to the 
simultaneous redistribution of lymphocytes to lympho-
cyte organs and due to lymphocyte apoptosis).49 With re-
gards to PLR, our study showed a slight increase in value 
with the progression of renal impairment, but there was 
no significant correlation with serum CRP levels. Similar 
results were obtained by the study of Sevencan et al., who 
in a group of hypertensive patients with normal, slightly 
reduced and moderately reduced renal function were not 
able to demonstrate that PLR affects the progression of the 
disease.15 Tatar et al. did not find a statistically significant 
association between PLR and eGFR in patients with CKD 
(stages 3–5).49 All this suggests that an increase in PLR is 
not directly correlated with the progression of renal dys-
function. Subjects in the final stage of CKD, who were on 
hemodialysis and peritoneal dialysis, were found to have 
higher PLR values than NLR and also had a positive cor-
relation with other inflammatory biomarkers.50 

The present study has a few limitations. Firstly, its cross-
sectional design prevented us from deducing any causal 
relations between our findings. Secondly, the sample size 
was relatively small, consisting of patients with CKD from 
one center and, therefore, the results cannot be represen-
tative for the entire population of patients with CKD.

CONCLUSIONS

The present study showed an increase in CRP and NLR 
values with the advancement of CKD. A significant posi-
tive relationship between CRP values and NLR was es-
tablished in our study. In light of these results, it can be 
concluded that NLR, together with CRP, may serve as an 
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indicator of systemic low-grade inflammation and pro-
gression in patients with CKD. Larger prospective cohort 
studies in various ethnic groups are required to assess the 
possibility of using NLR as a surrogate marker for CRP in 
patients with CKD.
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ABSTRACT

Background: Statin therapy is commonly used on the long term in hypertensive patients with 

dyslipidemia and can interfere with vitamin D metabolism. Overweight/obesity and type 2 dia-

betes mellitus (DM) are frequently associated with hypertension. The aim of the study was the 

assessment of vitamin D status in elderly hypertensive patients with metabolic comorbidities 

with/without statin therapy, in relation to body mass index (BMI) and lipid profile parameters. 

Material and methods: The study group included 89 hypertensive patients (61 statin-treated) 

admitted to the Cardiovascular Rehabilitation Clinical Hospital in Târgu Mureș between 2019 and 

2021. Vitamin D levels were measured by ELISA method, lipid profile parameters by photometric 

procedures. Calculated values were LDL-cholesterol and BMI. Results: Obesity and DM were 

present in association with hypertension in 51% of the subjects. A total of 89% of the enrolled 

hypertensive patients had hypovitaminosis D. Average serum vitamin D of the studied subjects 

was 14.27 ± 11.96 ng/mL. No significant difference was obtained in vitamin D levels depending on 

gender, the presence/absence of statin therapy, and DM as a comorbidity. A negative correla-

tion was seen between serum HDL-cholesterol and triglyceride concentrations (r = –0.3988, p 

= 0.0008) and between HDL levels and BMI (r = –0.3114, p = 0.0475). Conclusions: Suboptimal 

vitamin D levels were present in the majority of the studied hypertensive patients regardless of 

the statin therapy, which reveals the importance of concomitant assessment of vitamin D levels, 

especially in elderly subjects presenting chronic metabolic comorbidities.
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INTRODUCTION

Hypertension, diabetes mellitus (DM), and obesity are 
population-level diseases with an increasing incidence, 
affecting many patients worldwide. Their occurrence is 
greatly related to modern lifestyle.1 Cardiovascular dis-
eases occupy a leading position in the global death sta-
tistics, dyslipidemia and DM being major risk factors for 
cardiovascular pathology. Dyslipidemia is a very common 
laboratory finding in obesity, hypertension, and type 2 dia-
betes. Statin therapy is used on the long term for lower-
ing atherogenic LDL-cholesterol values, thus reducing the 
cardiovascular risk by 25–35%.2 The 3-hydroxy-3-methyl-
glutaryl-CoA (HMG-CoA) reductase inhibitor statins have 
several side effects. Prolonged use of statins can increase 
the risk of developing DM, mainly due to downregulation 
of glucose transporters.3 Statin-associated muscle symp-
toms (SAMS) (myalgia, stiffness, cramp, muscle weak-
ness) are common side effects, which are likely to occur 
especially in case of high dose statin therapy.4

The mechanism of statins’ effect on serum vitamin D 
levels is not completely understood. It is known that 25-hi-
droxy vitamin D and some statins are metabolized in the liv-
er by CYP3A4, an enzyme of the cytochrome P450 system.5

A common precursor of vitamin D and cholesterol is 
7-dehydrocholesterol. The inhibition of HMG-CoA reduc-
tase can increase the levels of 7-dehydrocholesterol, offer-
ing an appropriate substrate for 25-hydroxy vitamin D syn-
thesis. Blocking of the active site of the CYP3A4 enzyme 
by statins can explain the high serum levels of 25-hydroxy 
vitamin D.6 Other studies showed no significant increase of 
vitamin D levels in patients on statin therapy.7 Oral vitamin 
D supplementation can improve insulin resistance in type 
2 diabetic patients8 and could reduce myalgia in patients 
on statin therapy.9,10

Study objectives

The aim of the study was to evaluate the vitamin D status 
in hypertensive patients on statin therapy compared to a 
control group of similar age and pathology, without statin 
therapy. Additionally, we assessed gender differences re-
garding lipid profile parameters and investigated the rela-
tionship between the aforementioned laboratory test re-
sults and body mass index (BMI).

mATERIAL AND mETHODS

The study was conducted at the Cardiovascular Rehabilita-
tion Clinical Hospital in Târgu Mureș and included 89 pa-

tients with stage 2 and 3 hypertension (overweight or obese 
patients with/without type 2 DM), between 2019 and 2021. 
The study was approved by the ethics committee of the hos-
pital and of the “George Emil Palade” University of Medi-
cine, Pharmacy, Science and Technology of Târgu Mureș.

Serum vitamin D concentration was determined using 
a Dynex DS2 (Dynex Technologies, Chantilly, VA, USA) 
automatic ELISA equipment with Redalin kit (Brașov, Ro-
mania) at the Advanced Research Centre of the university. 
Serum triglyceride, total and HDL-cholesterol levels were 
assessed using a KonelabTM Prime 60i analyzer (Thermo 
Fisher Scientific Inc, Waltham, MA, USA) by photometric 
method using reagent kits from the Diagnosticum Zrt (Bu-
dapest, Hungary) company. LDL-cholesterol levels were 
calculated using the Friedewald equation (total cholester-
ol – HDL – triglycerides/5). BMI values were calculated 
based on the formula: weight/square of height of the pa-
tients, expressed in kg/m2. Statistical data was processed 
using GraphPad InStat 3 software (GraphPad Software 
Inc., San Diego CA, USA), and the significance level was 
set at p <0.05.

RESULTS

In total, 89 hypertensive patients were enrolled in the 
study, who were divided into two groups: 61 patients in 
the statin-treated group, and 28 patients in the control 
group. The average age of the enrolled patients was 70.28 
± 7.79 years. Female patients (average age 69.09 ± 6.01 
years) were slightly younger than enrolled males (72.15 ± 
6.69 years), although the difference was not significant (p 
= 0.06). A total of 42% of the subjects were males, and 51% 
of patients had type 2 DM as a comorbidity.

The average serum vitamin D level of the studied patients 
was 14.27 ± 11.96 ng/mL. Normal range is between 30–55.5 
ng/mL, values between 20.1–29.9 ng/mL correspond to in-
sufficiency, and values ≤20 ng/mL correspond to deficiency. 
In our study group, 89% of the patients had hypovitamino-
sis, with serum vitamin D values <30 ng/mL (Figure 1).

No significant difference could be observed when com-
paring serum vitamin D concentration of patients treated 
with statins (13.65 ± 11.32 ng/mL) with that of patients 
without statin therapy (15.96 ± 13.67 ng/mL) using the un-
paired Student’s t test (p = 0.4).

No significant difference was seen comparing average 
serum vitamin D level in hypertensive patients with DM 
as a comorbidity (12.07 ± 4.45 ng/mL) to those without 
this associated pathology (16.53 ± 2.63 ng/mL) (p = 0.09). 

The average concentration of serum cholesterol was 
176.50 ± 45.44 mg/dL, the mean triglyceridemia was 
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133.76 ± 64.80 mg/dL, the average HDL-cholesterol 47.70 
± 12.84 mg/dL, and the calculated mean of LDL-choles-
terol 100.58 ± 44.84 mg/dL.

There was no significant difference between genders in 
regards to mean serum vitamin D levels (15.65 ± 10.06 ng/
mL in males and 12.18 ± 12.09 ng/mL in females, p = 0.2). 
No correlation was observed between serum vitamin D 
levels and age neither in male (r = –0.1356, p = 0.5), nor in 
female patients (r = –0.2000, p = 0.2). 

The gender differences of lipid profile parameters are 
presented in Table 1. 

No correlation was observed between serum vitamin D 
and serum total cholesterol concentration (r = 0.1253, p = 
0.3). However, there was an inverse correlation between 
serum HDL-cholesterol and triglyceride concentrations (r 
= –0.3988, p = 0.0008), and a positive correlation between 
serum LDL- and total cholesterol (r = 0.9497, p <0.0001) 
levels. No correlation could be confirmed between se-
rum total cholesterol and triglyceride concentration (r = 
0.1532, p = 0.1), as well as LDL-cholesterol and triglycer-
ide levels (r = –0.0544, p = 0.6) in the studied patients. 

The average BMI of the enrolled subjects was 31.10 ± 
6.83 kg/m2, 34% of the patients were overweight, and 
51% had obesity as a comorbidity. BMI values ranged from 
18.65 to 57 kg/m2. No correlation was found between BMI 
and serum vitamin D levels neither in male (r = –0.4158, p 
= 0.1), nor in female patients (r = –0.1743, p = 0.4).

We studied the possible correlation between BMI and 
lipid parameters. A negative correlation was revealed be-
tween BMI and HDL-cholesterol values (r = –0.3114, p 
= 0.04). There was no correlation between BMI and total 
cholesterol levels (r = –0.0922, p = 0.5), BMI and LDL-
cholesterol (r = –0.2412, p = 0.1), and BMI and triglycer-
ide concentration (r = –0.3082, p = 0.1). 

DISCUSSION

Alterations of vitamin D and cholesterol metabolism occur 
frequently in elderly people, increasing the risk of age-re-
lated medical conditions. Vitamin D has an important role 
in the regulation of intracellular and plasmatic cholesterol 
homeostasis, and its supplementation reduces cardiovas-
cular risk by exhibiting a beneficial influence on lipid pro-
file parameters involved in atherogenesis.7 Myalgia, as a 
common side effect of statin therapy, is more frequent in 
patients with vitamin D deficiency, and supplementation 
of this vitamin can improve symptoms.11 Vitamin D defi-
ciency was common among our study subjects, in frequent 
association with type 2 DM and overweight/obesity as 
comorbidities. The disturbance of homeostasis for this vi-
tamin could also be related to the advanced age of the sub-
jects enrolled. In this study, vitamin D levels were not in-
creased by statin treatment; moreover, 68% of the subjects 
had vitamin D deficiency, regardless of statin treatment.

The positive correlation between total and atherogenic 
(LDL) cholesterol levels was an expected result. A similar 
inverse relationship between serum HDL-cholesterol and 
triglyceride concentration was obtained in another study 
of our research group, on a larger number of cases.12 The 
inverse relationship between BMI and HDL-cholesterol is 
similar to the outcome of certain previous studies in the 
literature,13,14 and it emphasizes the importance of weight 
loss to improve metabolic imbalance and protection 
against cardiovascular diseases. 

Limitations of the study include the relatively small 
number of cases, the lack of direct measurement of LDL-
cholesterol levels, the different types of statins (atorvas-
tatin in the majority of cases, but rosuvastatin and simv-
astatin were also frequently used), combined with the 

TABLE 2. Gender differences of lipid profile parameters in the studied patients

Lipid profile parameter Unit Female patients Male patients p value

Serum total cholesterol mg/dL 171.05 ± 45.06 169.57 ± 49.69 0.9

Serum HDL-cholesterol mg/dL 48.14 ± 13.24 44.34 ± 9.46 0.2

Serum LDL-cholesterol mg/dL 93.65 ± 47.24 95.75 ± 41.23 0.8

Serum triglycerides mg/dL 133.92 ± 69.07 149.83 ± 77.54 0.4

68%

21%

11%

Deficiency
Insufficiency
Normal

 
FIGURE 1. Distribution of serum vitamin D levels in the studied 

patients



Journal of Interdisciplinary Medicine 2022;7(4):88-91 91

variable doses taken by patients enrolled in the study, and 
the differences on the duration of the treatment.

CONCLUSIONS

Vitamin D deficiency was generally present in the enrolled 
elderly hypertensive patients regardless of statin use, but to 
eliminate de limitations of this study and to validate these 
findings, the study should be extended to a larger number 
of cases. Due to frequent hypovitaminosis D in the study 
group, we consider that assessment of vitamin D status 
should be performed more frequently in elderly patients. 
The common association of obesity and type 2 DM with 
hypertension makes the management of these cases more 
complicated.
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ABSTRACT

Background: The esthetic proportion gauge developed by Chu is using a 78% recurring es-

thetic dental (RED) proportion and it is based on evaluating the size and proportion of frontal 

teeth chairside. The aim of the present study was to evaluate the validity of Chu’s device and 

to measure the correlation between the width and length of the frontal teeth, attempting to 

identify the application of the proportion gauge in Mureș county. Materials and methods: 

From the 142 selected patients, 73 fulfilled the inclusion criteria. The height and width values of 

the participants’ teeth were measured with a digital caliper and evaluated with Chu’s esthetic 

proportion gauge. The measurements were then compared statistically. Results: The values 

obtained from the digital caliper measurements did not correlate with Chu’s proportion scale, 

and the results showed no significant differences between the two sides (p >0.05). Conclu-

sions: In conclusion, the measured teeth ratios did not show a similarity with the predeter-

mined esthetic proportion scale suggested by Chu.

Keywords: proportion scale, esthetic dental proportion, width/height ratio, anterior maxillary arch
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INTRODUCTION

In the last decade, the desire for natural, beautiful smile has resulted in a new 
specialty in dentistry, esthetic dentistry. The main purpose of this field is to ana-
lyze, design, and implement the ‘perfect smile’. The new esthetic requirements 
have led to the improvement of techniques and tools in order to accomplish 
perfection and symmetry in dental rehabilitations. From an esthetic point of 
view, the maxillary anterior region is the most visible and crucial component of 
a smile, and the arrangement of teeth in this region is important in establishing 
harmony and symmetry. 
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Macroesthetics, such as the size, shape, form, and pro-
portion of the tooth, and microesthetics, such as shade, 
color, texture, and translucency, are co-dependent, and 
we have to keep them in a delicate balance. The crucial 
factors to creating an esthetic smile are the size, shape, 
and arrangement of the anterior teeth, more precisely the 
maxillary central and lateral incisors, and canines.1 Over 
the years, several proportions have been described in the 
literature, and many variations of these proportion were 
reported in relation to the various ethnic characteristics 
specific to the population studied.2 

The importance of dental distribution was first de-
scribed by Lombardi, who studied dental morphology 
and noticed a constant mathematical relation between the 
teeth; he called it the ‘golden ratio’. He considered that 
from the frontal view, the mesiodistal diameter of the max-
illary incisors, lateral incisors, and canines have a constant-
ly decreasing value. Over the years, this theory was refut-
ed, and researchers established that the majority of teeth 
proportions do not correlate with this formula. The new 
concepts suggest clinicians to use a formula that remains 
consistent and in proportion with the facial morphology 
and also takes in consideration certain subjective factors.3,4

The recurring esthetic dental (RED) proportion is de-
fined as the ratio between the height and length of teeth 
and states that this ratio should remain constant in distal 
direction. The proportion provides some flexibility, with 
a range from 62% to 80%.5 Based on these, a tool was de-
signed for 78% of the RED proportion, by Chu, a renowned 
specialist in the field of dental cosmetics. He determined 
the average width of the anterior teeth, demonstrating that 
it corresponds to a percentage of only 34% of the popu-
lation for maxillary teeth and 42% for mandibular teeth. 
The tool, named Chu’s esthetic proportion gauge, was de-

signed to help clinicians evaluate tooth size and proportion 
chairside.6 

In our study, we focused on an easily accessible evalu-
ation of tooth proportion, using Chu’s tool and a digital 
caliper in a limited group of patients in Mureș County, 
Transylvania. We intended to evaluate the efficacy of Chu’s 
esthetic proportion gauge in the maxillary anterior region, 
to evaluate and compare the dimensions of the maxillary 
central incisors, lateral incisors, and canines.

mATERIALS AND mETHODS

Our study was conducted between July 2019 and January 
2022, on patients who presented for esthetic or prosthetic 
treatments in a private dental clinic in Târgu Mureș, Ro-
mania. Out of 150 participants evaluated, 73 met the inclu-
sion criteria. The selected patients, aged between 20 and 
48 years, were informed and a consent was obtained from 
each of them. Inclusion criteria were: intact maxillary 
arches, anterior teeth well aligned in the curvature of the 
arch, without restoration, fracture or orthodontic treat-
ment, and periodontally healthy. 

An examiner took photos in frontal view, displaying the 
anterior teeth, gingival tissues, and lips. Each examination 
was conducted in the same dental chair, the patients being 
seated parallel with Frankfurt’s plane. For better visualiza-
tion and accessibility, a cheek retractor was used (Cheek Re-
tractors; Directa AB, Upplands Vasby, Sweden). Every pho-
to was taken from a 1.5 m distance by the same person, in the 
same location, and in standard brightness and focal length 
conditions for better data standardization. The digital equip-
ment used was a DSLR camera (Nikon D7200) equipped 
with a Sigma 105 mm macro lens. The photos were analyzed 
on a personal laptop (Dell Inspiron, Dell Inc.).

FIGURE 1. Chu’s instrument with T-bar tip
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We used Chu’s device with the T bar tip, which has red, 
blue, and yellow lines on the vertical and horizontal bar 
with preset corresponding height/width ratios. These col-
or-coded lines are at a distance of 1 mm from each other. 
The purpose of the tool is to eliminate subjective dento-
gingival esthetic appreciation, by favoring visual apprecia-
tion of the dental esthetic proportions of the frontal area. 
Measurements with this instrument were made directly on 
the teeth. We evaluated one tooth at a time using the pre-
determined color-coded markings from the incisal edge: 
red for the central incisor, blue for the lateral incisor, and 
yellow for the canine (Figure 1). The obtained proportions 
were then arranged in Microsoft Excel tables.

In the second part of the study, we used a digital cali-
per to record the height and width of teeth in millimeters. 
All measurements were taken twice for each tooth, and 
the average value was noted. Every measurement was re-
corded by the same examiner in order to eliminate errors. 
We compared the resulting proportions from the two de-
vices. Table 1 shows the values of the proportions of differ-

ent teeth on Chu's T-bar gauge.6 The height/width ratio of 
the maxillary anterior teeth has been considered an impor-
tant factor for dental esthetics. Therefore, the results were 
categorized into two groups: Group 1, the esthetic group, 
which comprised measurements in the average range of 
values, and Group 2, the non-esthetic group.

The collected data were centralized in a Microsoft Ex-
cel spreadsheet and then exported to SPSS. Outliers were 
excluded and the distribution of data was checked. Inter-
group comparisons between Chu’s tool and the digital cali-
per, as well as comparisons between the left and right sides 
were done using Chi-squared and Mann-Whitney U tests. 
The level of significance was set at 0.05. 

RESULTS

The mean values obtained from our digital caliper mea-
surements were 82.31% for the central incisors, 81.10% 
for the lateral incisors, and 79.26% for the canines, which 
did not correlate with the proportions determined by Chu 
(RED 78%).

The length/width proportions of central incisors, later-
al incisors, and canines were significantly higher than the 
average range values indicated by Chu (p <0.001). Table 
2 shows the categorization into proportionate (Group 1) 
and disproportionate (Group 2) ratios, as well as the p val-
ues after the intergroup comparisons between Chu’s tool 
and the digital caliper.

Our results showed no significant differences between 
the right and left side proportion percentage values of the 
central incisors, lateral incisors, and canines (Table 3).

DISCUSSION

For an esthetic appearance, the maxillary anterior region 
must be in proportion to the facial morphology. In order 
to fulfill the patient’s esthetic requirements, dental practi-
tioners need to take into consideration and meet esthetic 
principles that were designed for the clinical chairside 
application. In our study, direct chairside measurements 

TABLE 1. Average range values for length and width on Chu’s 

T-bar gauge 

Color codes on the 
instrument

Significance  
(average values in mm)

RED Central incisor L = 9.5–11
W = 7.5–8.5

BLUE Lateral incisor L = 7–8.5
W = 5.5–6.5

YELLOW Canine L = 8.5–9.5
W = 8.5–9.5

TABLE 3. Comparison of height/length ratio between the right 

and left side 

Tooth Right side Left side Mann-Whitney 
test (p value)

Central incisor 82.61 ± 7.35 82.05 ± 7.03 0.97

Lateral incisor 81.32 ± 7.41 80.88 ± 7.22 0.73

Canine 79.13 ± 8.20 79.31 ± 8.03 0.82

TABLE 2. Comparisons by measurement type: Chu’s tool and 

digital caliper

Tooth Measurement 
technique

Group 1 
(n)

Group 2
(n)

p value

Right CI Chu’s tool 46 27 <0.001

Caliper 13 60

Left CI Chu’s tool 51 22 <0.001

Caliper 13 60

Right LI Chu’s tool 42 31 <0.001

Caliper 12 61

Left LI Chu’s tool 43 30 <0.001

Caliper 12 61

Right C Chu’s tool 44 29 <0.001

Caliper 17 56

Left C Chu’s tool 42 31 <0.001

Caliper 17 56

CI – central incisor; LI – lateral incisor; C = canine
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were done using simple tools such as Chu’s esthetic pro-
portion gauge and a digital caliper. 

Similar results to ours were obtained in a US study that 
used digital programs and found no correlation between 
the RED proportion and tooth arrangements of natural, 
pleasant smiles.7 

Sandeep et al. found a correlation between the maxil-
lary anterior teeth and the golden proportion but no cor-
relation with the RED proportion.8

Our results support the earlier international literature 
and are in concordance with numerous studies which 
found that there is no mathematical applicability of the 
RED proportion in the natural dentition. The mean values 
obtained from our measurements were 82.31 ± 7.35 for the 
central incisors, 81.10 ± 7.11 for the lateral incisors, and 
79.26 ± 8.01 for the canines, which did not correlate with 
Chu’s proportion scale.9–14

For maxillary anterior teeth, the length/width ratio is 
considered to be the most reliable reference because it 
has minimum variation among teeth and between gen-
ders. In a study, dental students preferred a ratio of 75%; 
another study asserted that maxillary teeth should have a 
ratio of approximately 80%; other authors found very sig-
nificant variations in the ratios of different ethnic groups 
(74–124%).15–18

A study conducted by Orozco-Varo et al. measured the 
clinical crown of teeth, concerning width, height, and their 
ratio. Their results were similar to ours, and they also found 
no correlation with the predetermined proportions in the 
study sample.19 There is also recent research by Mootha et 
al., which compared different devices, such as DSD software 
and Chu’s proportion gauge, to evaluate tooth proportions 
and concluded that their population was within the range of 
78% recurrent esthetic proportions scale and DSD.20

CONCLUSION

Within the limitations of the study, we can conclude that 
the average dimensions of natural teeth did not replicate 
the 78% RED proportion applied by the tool proposed by 
Chu in the investigated population. The anterior teeth of the 
maxillary arch did not show a similarity with Chu’s esthetic 
proportion scale in this small Transylvanian population. We 
consider that the proportions and the tools need to be modi-
fied by taking into account the diversity of the population. 
Therefore, in the future, a larger study with an ethnically and 
culturally varied sample size is recommended.
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ABSTRACT

Introduction: Giant ovarian cystadenofibromas are rare, mostly benign tumors. In the early 

stages, they are asymptomatic; however, as they grow in size, they begin to produce symp-

toms, most often due to the compressive effects they exert on surrounding structures. In the 

early stages, they are frequently diagnosed by ultrasonography, but complicated cases or 

cystadenofibromas that reach giant dimensions are ideally evaluated by magnetic resonance 

imaging (MRI) to establish a therapeutic surgical decision that is as safe as possible for the pa-

tient. Case report: We present the case of a 49-year-old perimenopausal patient without vagi-

nal bleeding or other gynecological symptoms who presented to the hospital with abdominal 

pain and abdominal distension with increasing intensity. Ultrasound examination revealed the 

presence of a high volume of fluid in the abdomen, and MRI and histopathological examina-

tion confirmed the diagnosis of a giant left ovarian type III seromucinous cystadenofibroma. 

The patient was treated surgically, with favorable postoperative evolution. Conclusion: Giant 

cystadenofibromas are rare clinical entities that must always be considered in the differential 

diagnosis of an abdominopelvic pathology in middle-aged female patients and should ideally 

be investigated by MRI to accurately define their origin, characteristics, and local invasion.

Keywords: ovarian cyst, magnetic resonance imaging, laparotomy, cystadenofibroma
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INTRODUCTION

Ovarian cystadenofibromas are rare tumors of the ovary.1 Depending on the type 
of epithelial cells found in the tumor, they are classified as either mucinous, se-
rous, endometroid, clear-cell, or mixed; the most common subtype is serous.2 
Depending on the degree of epithelial proliferation, they are classified as benign 
or malignant. Ovarian cysts are classified as ‘gigantic’ when they have a diameter 
greater than 10 cm.3 Ovarian cystadenofibromas most often do not cause signifi-
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cant symptoms in a patient until they become very large in 
size. The imaging investigation of choice for diagnosis and 
staging of the tumor is magnetic resonance imaging (MRI).4 
Through MRI investigation, ovarian cystadenofibromas are 
classified into three types. Type I multilocular solid lesions 
are the most common and consist of a multiseptated cystic 
mass and an increased volume of ovarian stroma. The cystic 
component is most frequently multiloculated, and the solid 
component has well-defined edges appearing hypointense 
on T2 sequences with a typical black, ‘sponge-like’ appear-
ance. Type II has a predominant cystic component with a 
very thick wall due to the presence of fibrous components; 
the cyst appears hyperintense on T2-weighted images and 
its wall appears hypointense. Type III consists of a single 
unilocular or multilocular cystic component with a thin 
wall, without solid components. Type III is the rarest sub-
type, with few cases described in the literature.5,6

The purpose of this article is to present the case of a 
49-year-old female patient who was initially considered to 
have large-volume ascites. She was diagnosed by MRI and 
histopathological examination with a rare case of type III 
giant ovarian seromucinous cystadenofibroma at the level 
of the left ovary.

CASE REPORT

We present the case of a 49-year-old female primiparous 
patient who presented to the hospital with vague abdomi-
nal symptoms, including abdominal discomfort, intestinal 
transit disorders, and progressive abdominal distension. 
The patient did not present any clinically relevant medical 
history of the current pathology and had not been previ-

ously hospitalized for abdominopelvic pathologies. From 
the patient’s anamnesis, we found no similar pathological 
antecedents in first degree relatives. In the clinical exami-
nation of the patient, no significant pathological elements 
were observed except for an enlarged abdomen, which ex-
hibited accentuated dullness on percussion. For this rea-
son, it was decided that the patient should undergo an ul-
trasonographic examination, which revealed the presence 
of a significant volume of fluid in the abdomen; the liver, 
spleen, and kidneys could not be visualized, and the fluid 
was initially assumed to be ascites. Following this investi-
gation, the medical team decided to perform MRI to locate 
the source of the ascites and its exact volume.

The MRI examination protocol consisted of perform-
ing an abdominopelvic examination with T2-weighted 
sections in sagittal, axial, and coronal planes. The exami-
nation revealed the presence of a multiloculated cystic 
fluid formation with gigantic dimensions of approximately 
27/26/12 cm (CC/LL/AP) located in the left ovary, with 
marked suprapubic extension (Figure 1). 

The thin cystic wall appeared hypointense on T2-weight-
ed sequences. No solid component was noted around the 
cystic component. Cranially, the lesion extended beyond 
the upper edge of the kidneys and the transverse colon. 
The process had a strong compressive effect on the anteri-
or abdominal muscles, abdominal aorta, lower mesenteric 
artery, transverse and descending colon (Figure 2). 

MRI examination did not reveal pathological signal 
changes in the abdominal viscera. At the pelvic level, the 
uterus, right ovary, and bladder could be visualized and 
had a normal appearance (Figure 3). No adenopathy was 
observed at the abdominopelvic level. 

FIGURE 1. A – T2-weighted abdominal MRI, coronal plane, showing the length and height of the tumor; B – T2-weighted abdominal 

MRI, axial plane, showing the width of the tumor

A B
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The MRI examination concluded the presence of a gigan-
tic cystic formation at the level of the left ovary, and surgery 
was performed to evacuate the cyst and obtain a biopsy for 
histopathological examination. The patient was surgically 
treated with median xipho-pubic laparotomy. Upon open-
ing the abdominal wall, the cystic formation was observed 
with a starting point at the level of the left ovary, developing 
around the mesosigma, with similar characteristics previ-
ously described during the MRI examination. Laborious dis-
section of the formation and the left ovary was performed, a 
drain tube was placed in the Douglas space, and a suture was 
made to restore the abdominal wall. Postoperatively, the pa-
tient received antibiotic treatment; her recovery was good, 
and she was discharged one week after the intervention.

Histopathologically, tissue fragments lined with a par-
tially denuded, mucin-secreting cylindrical epithelium 
were observed, without atypia. Papillary projections had 
a hypocellular, fibrous stroma, and were lined with serous 
ciliated epithelium. In some places, the cystic wall exhib-
ited hemorrhagic infiltration, with the presence of psam-
moma bodies.

The patient signed an informed consent for the publica-
tion of this manuscript.

DISCUSSION

Seromucinous cystadenofibroma is a rare, benign epithe-
lial ovarian tumor that is most common in older and post-
menopausal women. However, cases have been reported 
even in younger patients.7 This type of tumor is bilateral in 
many cases.8 The most common symptoms are abdominal 
pain and abnormal vaginal bleeding.9 Our patient did not 
have pathological bleeding, but the pain and continuous 
abdominal distension were the main symptoms that moti-
vated her to visit the hospital. 

Cystadenofibromas are predominantly cystic with a 
solid component that can be visualized on MRI. Septa-
tions are observed in 35% of cases and solid parenchymal 
nodules in 60% of cases.10 In half of the cases, the tumor is 
avascular, while in vascularized tumors, the typical struc-
ture involves peripheral vascularization with high blood 
flow throughout the solid component.11,12 Due to the solid 
component or irregular thick septa observed on MRI, even 
a benign tumor can often be misdiagnosed as malignant on 
preoperative imaging.13 In our case, the cystic component 
was multiseptated, without a peripheral solid component, 

FIGURE 2. A – T2-weighted abdominal MRI, coronal plane, showing the length and height of the tumor; B – T2-weighted abdominal 

MRI, axial plane, showing the width of the tumor

FIGURE 3. T2-weighted abdominal MRI, sagittal plane, illustrating 

the tumor and the normal looking uterus and bladder

A B
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and the cyst wall and septa inside the cyst were thin. These 
MRI imaging aspects and the gross appearance of the tu-
mor indicated a benign nature; however, these tumors can 
sometimes be very similar to malignant tumors. In pre-
menopausal women, conservative surgery may be consid-
ered.14 In perimenopausal and postmenopausal women, 
total hysterectomy with bilateral salpingo-oophorectomy 
is most often performed because some elements of ma-
lignancy may later be reported histopathologically.15 Our 
patient was perimenopausal, and MRI strengthened the 
benign nature of the tumor; therefore, only the cyst and 
left ovary needed to be surgically removed, a decision aug-
mented and supported by the subsequent histopathologi-
cal examination.

CONCLUSIONS

Simple infracentimetric ovarian cysts are among the most 
common diseases in the pelvic pathology of women. How-
ever, giant type III seromucinous cystadenofibromas with 
compressive effects on the surrounding organo-cavitary 
structures represent a very rare entity and a true medical 
challenge that must be diagnosed as accurately as possible 
via high-quality imaging methods (i.e., MRI). They must 
be surgically treated due to compressive side effects on ad-
jacent organs and due to the permanent risk of malignant 
transformation.
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ABSTRACT

Introduction: Colorectal cancer is the third most commonly diagnosed cancer worldwide, and 

its incidence is rising in developing countries. Studies have shown an association between sar-

copenia and various poor short-term outcomes in cancer patients who underwent surgery. In 

this case study, we sought to highlight the importance of a modern prognostic factor, the psoas 

muscle index (PMI), in colorectal cancer. Case Presentation: We present the case of a 59-year-

old male patient with sigmoid cancer. We calculated the PMI as the sum of the areas of the left 

and right psoas muscle at the level of the L3 vertebra, divided by the square of the patient’s 

height, using computed tomography measurements. We also measured the density of the proas 

muscles. Prior to surgery, the left psoas muscle had an area of 14.52 cm2, and the right 14.54 

cm2, with a PMI of 9.4967 cm2/m2. The mean density of the psoas muscles was 43.60 UH. The 

surgery consisted in a rectosigmoid resection with termino-terminal colorectal anastomosis. The 

histopathological examination confirmed moderately differentiated adenocarcinoma, stage IIIB 

(pT3N1M0). The patient left the hospital eight days after surgery in good general condition. Long-

term follow-up was performed by phone and CT scans at 1, 6, and 12 months. Conclusions: CT-

measured PMI may be a potential prognostic imaging marker in patients with colorectal cancer 

that can be easily and routinely assessed preoperatively.
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INTRODUCTION

In 1989, Irwin Rosenberg suggested the term ‘sarcopenia’ 
(from Greek ‘sarx’ or flesh and ‘penia’ or loss) to describe 
the age-related loss of muscle or lean mass. Sarcopenia is 
also a syndrome associated with reduction of strength and 
physical activity and a marker of frailty, and a key criteri-
on to diagnose cancer cachexia, associated with increased 
postoperative morbidity and mortality.1–3 According to 
GLOBOCAN 2020 data, colorectal cancer (CRC) is the 
third most deadly and fourth most common cancer world-
wide, with an incidence that is rising in developing coun-
tries due to poor diet and sedentary lifestyle.4 As reported 
by the American Society of Clinical Oncology, the overall 
5-year survival rate for colon cancer is 64%. If the cancer 
is diagnosed in an early stage, the survival rate is 91%, but 
if it spreads to surrounding tissues, lymph nodes or other 
organs, the 5-year survival rate is 72%; in case of metasta-
ses, it decreases to only 14%.5 According to different stud-
ies, sarcopenia has been shown to be a poor prognostic 
factor for patients with various types of cancers, such as 
pancreatic cancer or melanoma, and is associated with re-
duced overall survival in elderly patients with head and 
neck squamous cell carcinomas.6–8 Abdominal computed 
tomography (CT) is routinely performed in colon can-
cer surgery, not only for staging but also to evaluate the 
patients’ body composition. It represents one of the gold 
standard methods to assess skeletal muscle mass, being a 
reliable and reproducible tool to help confirm the diagno-
sis of sarcopenia. The CT scan has the advantage of per-
forming a cross-sectional measurement of fat mass areas 
anywhere in the body and can also evaluate muscle quali-
ty.9 Although not usually measured in clinical practice, the 
assessment of skeletal muscle mass using a cross-sectional 
CT is usually done at the lower edge of the L3 vertebra, 
and it strongly correlates with total body composition.1  
A preoperative radiological assessment of sarcopenia may 
identify colon cancer patients who are at risk of postoper-
ative complications, such as anastomotic leakage, and can 
potentially suggest whether to perform a primary anasto-
mosis or a stoma.2,10

In a study published in 2022, enrolling 197 male patients 
with rectal cancer, the psoas muscle index (PMI) was sig-
nificantly higher in patients who had anastomotic leakage 
(AL) (median PMI: 856.6; p <0.0001), and the results of 
the study indicated that preoperative PMI measurement 
could predict the high-risk group for AL in case of male 
subjects with rectal cancer.11

Various studies have described a relationship between 
sarcopenia and various poor short-term outcomes in can-

cer patients who underwent surgery, including a higher 
perioperative mortality, prolonged hospitalization, physi-
cal impairment, and higher infection rates.12,13 Sarcope-
nia also has a negative effect on the overall survival and 
disease-free survival of patients who undergo resection 
for locally advanced cancer of the rectum and obstructive 
colorectal cancer, and also on cancer-specific survival of 
patients with colorectal cancer.14–16 The aim of this paper 
is to present our research method and the technique of cal-
culating the psoas muscle index and psoas muscle density, 
based initially on a case presentation. 

CASE PRESENTATION

We present the case of a 59-year-old male patient with a 
diagnosis of malignant left colon tumor, in whom we in-
vestigated whether CT-defined sarcopenia at the lower 
edge of the L3 vertebra could efficiently predict outcomes. 
Abdominal CT examinations were performed with iodine-
based contrast agent injection. Axial sections were made 
at the lower edge of the L3 vertebral plate, using venous 
phases to better delimit the edges of the psoas muscles 
from the rest of the structures. The area of each psoas mus-
cle, right and left, was measured transversely, at the lower 
edge of the L3 vertebral body, outlining the muscle edges. 
The result was recorded in cm2. The measurements were 
performed with RadiANT Dicom Viewer version 2021.2 
(64 bit), using the Closed Polygon tool to outline the mus-
cle edges. The PMI, defined as the total area of the left and 
right psoas muscles (cm2) at the level of the inferior edge of 
L3, divided by the square of the patient’s height (m2), was 
assessed with the use of CT. The unit of measurement was 
cm2/m2. The density of the psoas muscles was measured 
using the region of interest (ROI) positioned in the center 
of the muscle at the same level (lower vertebral edge of L3) 
on the axial section, by evaluating the average value of the 
measured Hounsfield units.

The preoperative CT examination (Figure 1) described a 
discrete soft-tissue mass that narrowed the sigmoid lumen 
over a distance of about 48 mm, with a thickness up to 10 
mm and discrete infiltration of the pericolic fat. No dimen-
sionally enlarged adjacent lymph nodes were described.

Prior to surgery, the surface areas of the left and right 
psoas muscles were 14.52 cm2 and 14.54 cm2, respectively 
(Figure 2), the total area being 29.06 cm2. The square of 
the patient’s height (1.75 m) was 3.06 m2, yielding a PMI 
of 9.4967 cm2/m2. 

The densities were 45.78 UH for the left and 41.42 UH 
for the right psoas muscle, resulting in a mean density of 
43.60 UH before surgery.
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During surgery, a narrowing sigmoid tumor was found, 
for which a rectosigmoid resection was performed with 
termino-terminal colorectal anastomosis using a circular 
stapling device. Th e histopathological examination con-
fi rmed moderately diff erentiated adenocarcinoma. Th e 
tumor invaded through the muscularis propria into the 
subserosa and had a high grade of tumor budding. One 
lymph node metastasis was detected among the 12 region-
al lymph nodes harvested; thus, the tumor was classifi ed as 
stage IIIB (pT3N1M0).

Th e immunohistochemical examination showed that 
the tumor cells were positive for the MLH1 and MSH2 re-
action, which indicated a stable microsatellite status and 
the likelihood of response to 5-fl uorouracil therapy. Th e 

p53 reaction was positive over 50%. Th e immunohisto-
chemistry profi le indicated increased invasive capacity, 
but also a low risk of distant metastasis. Th e patient left  the 
hospital eight days aft er surgery in good general condition, 
with no postoperative complications.

One month aft er the rectosigmoid resection, the areas of 
the left  and right psoas muscles were 13.36 cm2 and 14.17 
cm2, respectively (Figure 3), with a total area of 26.53 cm2. 
Th e PMI was 8.669 cm2/m2. Th e densities were 48.43 UH 
for the left  and 40.96 UH for the right psoas muscle, with a 
mean density of 44.69 UH. 

At the 6-month follow-up, we measured the area of 
each psoas muscle again at the level of the L3 vertebral 
body. Th e results indicated decreased values, with an area 
of 12.98 cm2 for the left  and 12.49 cm2 for the right psoas 
muscle (Figure 4), with a total area of 25.47 cm2. Th e PMI 
was 8.3235 cm2/m2 at 6 months from the rectosigmoid re-
section with anastomosis. Th e newly measured densities 
were 50.51 UH for the left  and 51.09 UH for the right psoas 
muscle, with an average of 50.08 UH. 

At approximately one year aft er surgery, we reexamined 
the patient and performed a new contrast-enhanced CT 
examination, which illustrated the rectocolic anastomo-
sis, without signs of tumor recurrence. No secondary liver 
metastasis or abdominopelvic lymph nodes of pathological 
importance were described.

Th e publication of this case report was approved by 
the Ethical Committee of the Mureș County Emergency 
Hospital, Târgu Mureș, Romania (no. 16240/04.07.2022) 
where the patient was admitted, and informed written 
consent was obtained from the patient.

FIGURE 1. Preoperative CT examination – a discrete soft-tissue 

mass that narrows the sigmoid lumen

 
FIGURE 2. Before surgery. A – right psoas muscle: 14.54 cm2; B – left psoas muscle: 14.52 cm2, PMI: 9.4967 cm2/m2

A B
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DISCUSSION

Th e treatment of colon cancer is multidisciplinary, requir-
ing the cooperation of a radiologist, surgeon, patholo-
gist, and oncologist. New treatments for colorectal cancer 
have emerged, including laparoscopic/robotic surgery for 
primary disease, more aggressive metastasectomy, radio-
therapy in case of rectal cancer, as well as neoadjuvant and 
palliative chemotherapies.

Skeletal muscle loss (sarcopenia) and frailty are impor-
tant concepts in cancer surgery because of the association 
with adverse postoperative outcomes, and the radiological 
measurement of psoas muscle mass provides the possibil-
ity to quantify sarcopenia.17

For example, sarcopenia was an independent predic-
tor of postoperative complications in esophageal cancer 
patients,18 such as pulmonary complications or delayed 
gastric emptying, and infectious, gastrointestinal, and car-
diopulmonary complications in patients following pancre-
atectomy for cancer.19 A study that included 259 patients 
who underwent liver resection for colorectal liver metas-
tasis showed that patients with sarcopenia had longer hos-
pital stays and higher chances of an extended intensive care 
unit stay, and sarcopenia was associated with a higher risk 
of postoperative complications.20

Th e measurement of sarcopenia with the use of CT im-
aging as a measure of frailty is achieving increased recogni-
tion and has shown positive correlation with postoperative 
outcomes in several studies.21

Th e measurement of psoas density assesses not only the 
volume but also the quality of the muscle and seems to pre-
dict higher rates of poor outcomes compared to using psoas 
area only; hence, it can be considered a more precise tool 
for sarcopenia and frailty.22 PMI and density values may in-

dicate anastomosis insuffi  ciency and morbidity in patients 
with colorectal malignancies. In a study published in 2019, 
in which out of 169 patients with colorectal resection for 
malignancy 140 had a primary anastomosis, it was shown 
that sarcopenia was linked to an increased risk of AL.2 

In our case study, the patient had a preoperative PMI 
value of 9.4967 cm2/m2, which was higher than those re-
ported in other studies.11,23 In a study published in 2022 
by Mizuuchi et al. in the Annals of Coloproctology, the es-
tablished cut-off  value for PMI was somewhat lower than 
our patient’s values, but the diff erence was not signifi cant. 
Large psoas muscle mass can be a predictive marker for AL 
in male patients with rectal cancer.11 However, our patient 
had slightly higher PMI values and presented no compli-
cations due to his relatively young age and lack of other 
comorbidities. 

Regarding colorectal cancer, several studies have proven 
a signifi cant association between sarcopenia and a negative 
prognosis and mortality aft er curative surgery for colorec-
tal cancer.24,25 In the present case study, we investigated 
CT-defi ned sarcopenia at the level of the inferior endplate 
of the L3 vertebra. Th e psoas area is usually measured at a 
standard lumbar vertebral landmark (L3 or L4), but other 
landmarks, such as the umbilicus, have also been used.26 
In 2021, Yoshikawa et al. published a study where the PMI 
was measured at the L5 vertebra and was found to be an 
independent negative prognostic factor in patients from 
Japan who were treated for ovarian cancer.27 Yoshikawa et 
al. also measured a median psoas muscle area of 12.7 cm2 
at the L5 vertebra, while Rutten et al. measured 13.3 cm2 at 
the L3 vertebra.28 Yoshikawa et al. hypothesized that their 
participants had a smaller muscle mass due to the fact that 
the L5 vertebra has a larger muscle area than the L3.27

FIGURE 3. One month after surgery. Right psoas muscle: 14.17 cm2, 

left psoas muscle: 13.36 cm2, PMI: 8.669 cm2/m2

FIGURE 4. Six months after surgery. Right psoas muscle: 12.49 

cm2, left psoas muscle: 12.98 cm2, PMI: 8.3235 cm2/m2
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The limitations of this paper are those of a single case 
report. By their nature, case reports are not chosen from 
representative population samples, thus they cannot pro-
vide facts about rates or ratios, incidences or prevalence, 
and the findings cannot be generalized. Our case study 
provided a useful examination of this relatively new preop-
erative predictive factor, the psoas muscle index and psoas 
muscle density, in which we described the measurement 
technique and its usefulness. The strength of this study lies 
in the presentation and detailed description of the radio-
logical investigation method of sarcopenia, and the timely 
follow-up of the patient with repeated CT scans at 1, 6 and 
12 months postoperatively.

CONCLUSIONS

Radiologically measured sarcopenia can be an important 
predictive risk factor for poor outcomes following surgery 
in cancer patients. The psoas muscle index may be a poten-
tial imaging biomarker for prognosis evaluation in colon 
cancer patients. The psoas muscle index can be easily as-
sessed preoperatively using CT scans, which are routinely 
performed before surgery for staging, thus no additional 
costs are required.
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Dear editor,

The term “teratogen” refers to any environmental or congenital factor causing 
damage to the fetus and its growth during the prenatal period.1 The severity of 
damage depends on factors such as the amount of teratogen, maternal age and 
inheritance; e.g., in the pre-implantation period, teratogens rarely have an ef-
fect, and if they do, they lead to the death of the embryo. In the embryonic peri-
od, the effect of teratogens is very high.2 Teratogens include not only drugs, but 
also environmental factors which can have important effects during this period 
of pregnancy. Despite avoiding drugs such as lithium, tranquilizers, anti-epilep-
tic drugs, and smoking, pregnant mothers should be in an environment with an 
acceptable quality index in order to avoid the harmful effects of pollutants on the 
fetus, including low birth weight, respiratory failure, cleft palate, heart failure, 
spina bifida, and cancer.2 Apart from congenital or environmental teratogens, 
of importance is the awareness of pregnant women about the risk factors and 
preventive measures in the face of known teratogens. Prevention of the effect of 
teratogens can reduce the number of children with congenital disease, decrease 
material and psychological costs, and create a healthy society. Therefore, it is 
necessary for policy makers, and especially parents, to pay attention to this mat-
ter. For instance, mercury, a common teratogen which is found in polluted air 
and is widely used in the preparation of fungicides, herbicides, antibiotics, den-
tal amalgams, and paints, can affect the kidney, liver, muscles, brain, and blood 
of the fetus. Other mercury compounds, such as methylmercury, inhibit the 
natural migration of cells towards the cerebral cortex, and thus can cause brain 
development disorders. In a study by Tan et al., stillbirth, birth defects, infertili-
ty, and fetal macrosomia are some of the outcomes after exposure to polluted air 
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in pregnant women.3 We know that the contaminated en-
vironment can contain many teratogens. Mercury and its 
derivatives such as mercury chloride, cadmium, lead, in-
secticides, and certain copper compounds, such as copper 
chloride, are environmental pollutants.4,5 Mercury is not 
the only teratogen in the air, and there are many known 
and unknown pollutants that require further study. Among 
these, cadmium and lead can also be mentioned. A high ex-
posure to lead causes prematurity, low birth weight, brain 
damage, and various physical defects. Even exposure to a 
small amount of lead in the prenatal period can be danger-
ous.6 Therefore, in response to the question “How can a 
pregnant woman reduce the teratogenicity of air pollu-
tion?”, checking the quality of the air by specific indicators 
is of great means in this regard. Use of air purifiers in case 
of low-quality air is useful. Avoiding outside environmen-
tal exposure when the quality of air is less than optimal, 
should be considered. The fundamental way to keep away 
from harmful exposures is learning about the effect of air 
pollution on fetal health. In this case, pregnant women can 

adopt new and proven methods to distance themselves 
from the effects of pollutants. It should be noted that being 
obsessive in this case can also be problematic.
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