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Abstract

Introduction:Osteoporosis is currently health problem with mortality rate 
that can reach 12–20%. Diabetes mellitus (DM) is one of the independent 
risk factors for osteoporosis. An area requiring further study during oste-
oporosis treatment, in which various agents are selected according to the 
patient, is the metabolic parameters that change with treatment. The aim of 
this study is to comparatively evaluate the metabolic effects of bisphospho-
nates and denosumab, agents commonly used in osteoporosis treatment on 
glucose, HbA1c, and lipid profile according to the presence of diabetes.
Methods: The data of 4552 patients who presented to our clinics between 
January 2011 and March 2024 and were diagnosed with osteoporosis were 
retrospectively reviewed. After excluding patients lost to follow-up or with 
missing data, 733 adult patients were included in the study. Patients were 
grouped according to the antiosteoporotic medication used and the presence 
of a diabetes diagnosis, and laboratory results before and after treatment 
were analyzed.
Results: Post-treatment glucose levels varied by group in both treatment 
arms, whereas HbA1c levels showed a statistically significant increase in 
non-DM (p<0.001). According to subgroup analyses, bisphosphonate use 
did not cause significant change in HbA1c levels in non-diabetic patients, 
whereas denosumab use led to a significant increase in HbA1c. In contrast, 
the osteoporosis medications used in the diabetic patient group did not lead 
to a statistically significant change in metabolic parameters, although  sig-
nificant post-treatment decrease in triglyceride levels was recorded in the 
bisphosphonate group.
Conclusion: The metabolic effects of anti-osteoporotic therapies, particu-
larly HbA1c and LDL, emerged clearly in nonDM individuals, whereas 
these effects were not observed in diabetic patients, likely owing to their 
pre-existing metabolic dysregulation. In contrast to some literature sugges-
ting that RANKL inhibitors contribute positively to glucose metabolism, 
the increases in HbA1c and LDL observed in this study indicate that this 
issue warrants investigation through larger-scale clinical studies.
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Introduction
	 Osteoporosis is the most common metabo-
lic bone disease and mortality rate that can reach 
12–20%1-3  It is characterized by low bone mass and 
deteriorated microarchitecture.2 According to data 
from the 2010 FRAKTÜRK study, the population 
prevalence of osteoporosis among individuals over 
50 years of age in Turkiye is 25%, and the condition 
is more common in women.2 Osteoporosis progresses 
silently until a fracture occurs and may go undetected 
in the absence of awareness, the most common frac-
ture sites are the vertebrae and hip, and less frequent-
ly the arm.4,5 Screening and treatment of the at-risk 
group are particularly important for preserving inde-
pendence and quality of life in the elderly populati-
on.6 Major risk factors include female sex, advanced 
age, family history, low calcium/vitamin D intake, 
low body mass index, early menopause, thyroid, pa-
rathyroid, and other endocrine disorders, certain me-
dications (such as anticonvulsants, glucocorticoids, 
GnRH agonists/antagonists, SSRIs, thiazolidinedio-
nes, and aromatase inhibitors), and smoking/alcohol 
use.7 Diagnosis is established by dual-energy X-ray 
absorptiometry (DXA)-based bone mineral density 
(BMD) testing, with a lumbar spine, femoral neck, or 
total hip T-score of ≤ −2.5.2 Because of the elevated 
risk in this context, whether the diagnostic threshold 
should be set higher in diabetic patients compared 
with non-diabetic patients to facilitate earlier access 
to treatment has been debated.8
	 DM is one of the independent risk factors for 
osteoporosis.2 It is a metabolic disease that develops 
as a result of impaired insulin secretion or reduced in-
sulin action. Fracture risk is increased in both type 1 
diabetes mellitus (T1DM) and type 2 diabetes melli-
tus (T2DM). However, difference is that BMD is dec-
reased in T1DM patients, whereas bone mineral den-
sity may be unchanged or even increased in T2DM 
patients.2,9 Bone structure is affected by advanced gl-
ycation end products, low bone turnover, chronic inf-
lammation and oxidative stress, impaired osteocyte 
function, mineralization defects, deterioration of the 
developing bone microarchitecture, and the adverse 
effects of certain medications.10

	 Bisphosphonates are regarded as the first-li-
ne treatment for osteoporosis.11 Although changes in 
metabolic effects associated with this treatment have 
been investigated in large-scale studies, sufficient 
data are still lacking.12–15 The aim of this study is to 
determine the impact of osteoporosis treatment prac-
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Material and Methods
Study Design
	 A total of 4552 adult patients diagnosed with 
osteoporosis at the endocrinology and internal me-
dicine outpatient clinics of our institution between 
January 2011 and March 2024 were identified from 
hospital information system records. After excluding 
1357 patients lost to follow-up and 2462 patients 
with inaccessible records or a potential source of bias 
(e.g., hemoglobinopathy), 733 adult patients were 
retrospectively analyzed. Patients were classified as 
having DM (n=318; based on a prior DM diagnosis, 
current antidiabetic medication use, or a new diagno-
sis at presentation) or not having DM (n=415), DM 
duration could not be reliably determined from the 
records(Figure 1). Demographic data, laboratory re-
sults (glucose, HbA1c, total cholesterol, HDL, LDL, 
triglycerides, creatinine, calcium, phosphorus, sodi-
um, potassium, magnesium, vitamin D, and parath-
yroid hormone), and medication use were reviewed 
retrospectively. Glycemic parameters were measu-
red by HPLC, biochemical markers by colorimetric 
methods, and hormone/vitamin D levels by chemi-
luminescence assay. Bone densitometry results were 
not analyzed, as they served only to guide treatment 
initiation and were not part of the study hypothesis. 
Patients received alendronate (oral, weekly), iband-
ronate (IV, four times/year), risedronate (oral, week-
ly), or zoledronate (IV, yearly) in the bisphosphonate 
group, or subcutaneous denosumab (twice yearly). 
Laboratory values at baseline and at 1 year were re-
corded; the primary endpoint was HbA1c at 1 year, 
while lipid profile, fasting glucose, vitamin D, renal 
function, and electrolytes were secondary endpoints. 
Statin, antidiabetic, and glucocorticoid use, smoking 
status, menopausal status, and height/weight were not 
consistently recorded and were therefore excluded 
from the analysis. The study was approved by the Kü-
tahya Health Sciences University Ethics Committee 
(11.10.2023, no. 2023/11-35).   

tices on metabolic profiles, and to compare the effects 
of anti-resorptive and RANKL-inhibitor therapies on 
HbA1c levels and serum lipid parameters.
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Statistical analysis 
	 Statistical analyses were performed using 
SPSS v21.0. Normality was assessed with the Kolmo-
gorov–Smirnov test. Categorical variables (sex, DM 
group, medication) were compared using the chi-squ-
are test. Normally distributed variables (potassium, 
magnesium) were analyzed using the paired-samp-
les t-test, and pre-/post-treatment differences in the-
se biochemical parameters were analyzed using the 
Wilcoxon signed-rank test. Non-normally distributed 
variables (age, HbA1c, glucose, lipid parameters, 
creatinine, calcium, phosphorus, sodium, vitamin D, 
and parathyroid hormone) were analyzed using the 
Mann–Whitney U and Wilcoxon signed-rank tests. A 
p-value <0.05 was considered statistically significant.
Results
	 A total of 733 patients were included, of 
whom 318 had DM. Among the non-diabetic patients 
(n=415), 321 (77.3%) received bisphosphonate the-
rapy and 94 (22.7%) received denosumab, whereas 
among the diabetic patients (n=318), 248 (78.0%) re-
ceived bisphosphonate therapy and 70 (22.0%) recei-
ved denosumab. Overall, 43.6% of patients receiving 
bisphosphonates and 42.7% of those receiving deno-
sumab had a diagnosis of diabetes. No statistically 
significant association was found between the oste-
oporosis treatment regimen and diabetic status (p > 
0.05). The treatment distributions of the diabetic and 
non-diabetic groups were similar, and no differen-
ce indicating statistical bias or a confounding effect 
between the groups was detected.

Figure 1 Flow diagram representing the selection 
process of 

Table 1. Baseline Characteristics

	 In the non-diabetic group, the mean pre-treat-
ment HbA1c was 5.59 (±0.03) and glucose was 102 
(±2) mg/dL, while the mean post-treatment HbA1c 
was 5.70 (±0.03) and glucose was 119 (±5) mg/dL. 
In the DM group, the mean pre-treatment HbA1c was 
6.88 (±0.20) and glucose was 138 (±8) mg/dL, while 
the mean post-treatment HbA1c was 7.02 (±0.20) and 
glucose was 114 (±5) mg/dL. In the analyses strati-
fied by DM status, the treatment-related temporal 
changes in HbA1c—the primary endpoint, which did 
not show a normal distribution—were evaluated. No 
statistically significant difference was found betwe-
en pre- and post-treatment HbA1c values in patients 
with DM. In contrast, a statistically significant inc-
rease in HbA1c levels after treatment was observed 
in the non-diabetic group (p < 0.001). Blood glucose 
levels also increased significantly in the non-diabetic 
group (p < 0.001).

Parameters Non DM (n=415) DM (n=318) p Value

Age (years), Mean ± SD 73.9± 0.6 75.1 ± 0.6 >0.05

Sex (Female), n (%) 365 (88.0%) 274 (86.2%) >0.05

HbA1c (%), Mean ± SD 5.59 ± 0.03 6.88 ± 0.20 <0.001

Glucose (mg/dL), 
Mean ± SD

102±2 138±8 <0.001

Total Cholesterol 
(mg/dL), Mean ± SD

203.3±2.0 211.1±2.5 <0.05

LDL Cholesterol 
(mg/dL), Mean ± SD

124.5±1.7 128.4±2.5 >0.05

HDL Cholesterol 
(mg/dL), Mean ± SD

52.6±0.6 50.6±0.6 >0.05

Triglycerides 
(mg/dL), Mean ± SD

136.1±3.4 163.5±5.1 <0.05

Creatinine 
(mg/dL), Mean ± SD

0.71±0.03 0.71±0.02 >0.05

Calcium 
(mg/dL), Mean ± SD

9.5±0.5 9.6±0.1 >0.05

Phosphorus 
(mg/dL), Mean ± SD

1.3±0.2 1.5±0.2 >0.05

Sodium 
(mmol/L), Mean ± SD

138.7±0.8 140.8±0.7 >0.05

Potassium 
(mmol/L), Mean ± SD

4.5±0.5 4.5±0.1 >0.05

Magnesium 
(mg/dL), Mean ± SD

1.99±0.05 2.02±0.05 >0.05

Vitamin D 
(ng/mL), Mean ± SD

29.1±1.4 29.5±2.0 >0.05

Parathyroid Hormone 
( pg/mL), Mean ± SD

66.6(±2.8) 66.2(±4.0) >0.05
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	 In the non-diabetic group, the mean to-
tal cholesterol was 203.3 (±2.0) mg/dL, HDL was 
52.6 (±0.6) mg/dL, LDL was 124.5 (±1.7) mg/dL, 
and triglycerides were 136.1 (±3.4) mg/dL, where-
as in the DM group, the mean total cholesterol was 
211.1 (±2.5) mg/dL, HDL was 50.6 (±0.6) mg/dL, 
LDL was 128.4 (±2.5) mg/dL, and triglycerides were 
163.5 (±5.1) mg/dL. The two groups were not com-
parable in terms of total cholesterol and triglyceri-
des. However, when the pre- and post-treatment total 
cholesterol, LDL, HDL, and triglyceride levels were 
compared over time within each group, no significant 
change was observed in any lipid parameter. A mode-
rate positive correlation was found between the pre- 
and post-treatment measurements for both parameters 
(p < 0.001). No significant change in lipid parameters 
was observed in diabetic patients (p>0.05).
	 At baseline, there were no differences betwe-
en the groups in creatinine, calcium, phosphorus, 
magnesium, potassium, sodium, or parathyroid hor-
mone levels. Among the electrolytes, no significant 
pre-/post-treatment difference was found for calci-
um, magnesium, or potassium (p>0.05). Phosphorus 
showed a significant increase from pre- to post-treat-
ment in both groups (p<0.001). For sodium, a signi-

Table 2. Pre- and Post-Treatment Changes in HbA1c and Glucose by Medication Group
HbA1c p Glucose p

Bisphosphonate

Denosumab

Pre-treatment Post-treatment Pre-treatment Post-treatment

Non DM 5.61(±0.36) 5.70 (±0.46) >0.05 103.9(±2.0) 112.9(±4.4) >0.05

DM 6.96(±0.19) 7.03(±0.24) >0.05 144.5(±9.9) 114.3(±5.9) >0.05

Non DM 5.52(±0.06) 5.70(±0.06) <0.001 96.5(±2.3) 139.3(±13.3) <0.001

DM 6.66(±0.30) 6.99(±0.32) >0.05 120.9(±5.5) 113.2(±9.4) >0.05

ficant increase was observed only in the non-diabetic 
group. In the non-diabetic group, the mean pre-treat-
ment vitamin D was  29,1(±1,4) and the mean post-tre-
atment vitamin D was 28,9(±1,2); in the DM group, 
the mean pre-treatment vitamin D was 29,5(±2,0) and 
the mean post-treatment vitamin D was 25,2±0,9). 
In the non-diabetic group, the mean pre-treatment 
parathyroid hormone was 66,6(±2,8) and the mean 
post-treatment parathyroid hormone was 69,3(±7,0); 
in the DM group, the mean pre-treatment parathyro-
id hormone was 66,2(±4,0) and the mean post-tre-
atment parathyroid hormone was 65,2(±4,2). In the 
bisphosphonate group, no difference was observed 
for HbA1c, glucose, HDL, or LDL; however, a statis-
tically significant decrease of 5 mg/dL—not reaching 
the clinical target—was observed for triglycerides in 
diabetic patients and for total cholesterol in non-dia-
betic patients. In the denosumab group, the increases 
in glucose and HbA1c in non-diabetic patients were 
significant (p<0.05, Table 2)
	 In the multiple linear regression model, no 
statistically significant linear association was de-
monstrated for any of the 11 variables potentially re-
lated to the change in HbA1c (Table 3, Figure 2).

Table 3. Multiple Linear Regression Analysis of Vari-
ables Associated with the Change in HbA1c
Variable B Std. 

Error Beta t 95% CI 
Lower

95% CI 
Upper

(Constant) 9.170 6.821 1.344 -4.568 22.907

Age -0.010 0.012 -0.139 -0.846 -0.034 0.014

Sex -0.402 0.434 -0.145 -0.928 -1.276 0.471

Vitamin D 0.001 0.007 0.011 0.073 -0.014 0.015

PTH 0.002 0.003 0.080 0.510 -0.005 0.008

Medication 0.140 0.250 0.081 0.560 -0.364 0.644

Calcium -0.015 0.269 -0.008 -0.055 -0.556 0.527

Magnesium 0.013 0.560 0.005 0.024 -1.115 1.142

Phosphorus 0.085 0.072 0.195 1.183 -0.060 0.231

Potassium 0.138 0.164 0.119 0.839 -0.193 0.469

Sodium -0.063 0.046 -0.201 -1.362 -0.156 0.030

Creatinine -0.042 0.092 -0.097 -0.453 -0.228 0.144

Figure 2. Forest Plot of the Multiple Linear Regressi-
on Analysis of Variables Associated with the Change 
in HbA1c

Dependent variable: Change of HbA1c
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Discussion
	 This study was designed to evaluate the me-
tabolic effects of anti-osteoporotic therapies. The re-
sults indicate that these effects may differ according 
to the presence of diabetes. A strength of our study is 
that, unlike much of the literature, we examined not 
only glucose and HbA1c but also lipid and electrol-
yte parameters.13,15,16 Other large cohort studies had a 
more limited scope; for instance, while Lasco et al. 
examined levels of electrolytes, vitamin D, or parath-
yroid hormone and found no significant changes, we 
evaluated a broader panel of metabolic parameters in 
the context of the use of multiple active agents over 
the same follow-up period.17

	 When the medications were examined inde-
pendently, a decrease in glucose was observed in dia-
betic patients, which was thought to potentially be re-
lated to concurrent diabetes treatments. Although no 
significant difference in glucose or HbA1c was found 
in the bisphosphonate group, an increase in both 
HbA1c and glucose levels was observed in non-di-
abetic patients receiving denosumab. Several publi-
cations in the literature suggest that denosumab may 
be protective with respect to diabetes.16–18 In the study 
by Wang et al., conducted in postmenopausal women 
treated with denosumab and ibandronate, denosumab 
use was noted to contribute positively to diabetes 
control. It has been proposed that the effect involving 
an increase in GLP-1 levels together with a decrea-
se in dipeptidyl peptidase-4 (DPP-4) levels was not 
observed with ibandronate, and that this effect stems 
from the influence of RANKL inhibitors on glucose 
metabolism.18 A reduced incidence of DM has been 
reported in geriatric patients started on denosumab 
therapy, and the need to investigate this finding in 
different countries has been emphasized.19 RANKL 
increases DPP-4 expression in osteoclasts, leading to 
more rapid degradation of GLP-1, this in turn reduces 
insulin secretion, increases glucagon, and promotes 
hyperglycemia/insulin resistance.16 Denosumab, by 
blocking RANKL, may reduce circulating DPP-4 
and thereby increase GLP-1.20 In contrast, our failure 
to observe a significant change in patients with dia-
betes suggests that this effect may vary according to 
the patient population. This discrepancy between our 
study and the existing literature highlights the need 
for large-scale, prospective studies that exclude con-
founding factors.
	 Regarding the evaluation of lipid parameters, 
the difference between the diabetic and non-diabetic 

groups was considered to stem from the metabolic 
status of the DM group itself. In the study by Kari-
mifard et al. (2021), osteopenic and prediabetic post-
menopausal women were evaluated; triglycerides, 
total cholesterol, LDL, and HDL were measured be-
fore and after alendronate treatment, and no signifi-
cant difference was found between the treatment and 
placebo groups.21 In the study by Lou et al., the an-
ti-inflammatory effect of denosumab was evaluated 
with respect to the OPG/RANKL/RANK signaling 
pathway, but no significant evidence was found.15 In 
our study, the treatment administered was found to 
have a statistically significant lowering effect on to-
tal cholesterol and triglyceride levels, although this 
did not translate into achieving clinical targets, and 
no significant effect was found on HDL or LDL cho-
lesterol levels. This may indicate that hyperlipidemia 
in diabetic patients is not well controlled indepen-
dently of treatment.
	 The absence of a significant change in cre-
atinine, calcium, magnesium, and potassium levels 
before and after treatment in either group suggests 
that the anti-osteoporotic agents used did not have 
a marked adverse effect on renal function or basic 
electrolyte balance. About phosphorus increase ob-
served in our study cannot be directly explained by 
anti-resorptive therapies. This finding does not con-
form to the pattern of antiresorptive agents which is 
characterized by a transient decline in serum calci-
um and phosphate accompanied by a compensatory 
rise in parathyroid hormone. A plausible explanation 
is that the post-treatment assessment in our cohort 
did not coincide with this early time window, during 
which such transient changes are most likely to be 
detected.
	 Our study has several limitations. First, its 
retrospective design prevented access to certain data 
that could have influenced osteoporosis and metabo-
lic parameters, which may have introduced bias. In 
particular, the inconsistent recording of glucocorti-
coid, statin, and antidiabetic medication use across 
all patients makes it difficult to distinguish whether 
the observed metabolic changes were directly attri-
butable to anti-osteoporotic treatment or to concur-
rent changes in medication. This represents the most 
important limitation of our study. Larger, prospecti-
ve studies are needed. Fracture assessment was not 
performed in this study. In addition, the reasons for 
inadequate control of hyperlipidemia in diabetic pa-
tients warrant investigation as an independent rese-
arch topic.
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	 In conclusion, these findings indicate that the 
metabolic effects of anti-osteoporotic therapies are 
more pronounced in non-diabetic individuals; the al-
ready elevated baseline HbA1c and glucose values in 
diabetic patients, together with their frequent concur-
rent use of antidiabetic therapy, may have pushed any 
additional effect of anti-osteoporotic agents below 
the threshold of statistical detectability. Our findings 
suggest that it may be reasonable to include glyce-
mic parameters in routine monitoring following the 
initiation of denosumab, particularly in non-diabetic 
osteoporosis patients. In addition, the finding that de-
nosumab therapy may produce more pronounced ef-
fects on glycemic and lipid parameters compared with 
bisphosphonates warrants further investigation.
	 The authors received no funding from an ex-
ternal source.
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Abstract

Introduction:The prognostic significance of proteinuria in preeclampsia 
remains uncertain. This study aimed to compare maternal, laboratory, and 
perinatal outcomes between women with dipstick proteinuria <2+ and ≥2+ 
and to evaluate the association between proteinuria ≥2+ and adverse outco-
mes.
Methods: This retrospective cohort included 260 women with preeclamp-
sia, categorized according to dipstick proteinuria as <2+ (0/1+; n=126) or 
≥2+ (n=134). Maternal, laboratory, and perinatal outcomes were compared 
between the groups. Binary logistic regression was used to evaluate the 
association between proteinuria ≥2+ and the composite adverse neonatal 
outcome, adjusting for maternal age, nulliparity, and severe hypertension.
Results: Dipstick proteinuria ≥2+ was present in 134 women (51.5%). 
Compared with the <2+ group, women with proteinuria ≥2+ had higher 
blood urea nitrogen and creatinine levels and lower estimated glomerular 
filtration rate (all p≤0.013). Median birthweight was lower in the ≥2+ group 
(2315 vs 2520 g; p=0.002), whereas gestational age at delivery and 1- and 
5-minute Apgar scores did not differ significantly. The composite adver-
se neonatal outcome was more frequent with proteinuria ≥2+ (57.5% vs 
44.4%; p=0.036), while severe hypertension and composite adverse ma-
ternal outcome rates were similar. Proteinuria ≥2+ was associated with the 
composite adverse neonatal outcome in the unadjusted analysis (OR 1.69, 
95% CI 1.03–2.76; p=0.036) and in the primary adjusted model (adjusted 
OR 1.74, 95% CI 1.03–2.93; p=0.037). After gestational age at delivery was 
added in the sensitivity model, the association was attenuated (adjusted OR 
1.40, 95% CI 0.72–2.71; p=0.317), while model discrimination increased 
from an AUC of 0.658 to 0.864.
Conclusion: Dipstick proteinuria ≥2+ was associated with greater renal 
biochemical involvement, lower birthweight, and higher odds of a com-
posite adverse neonatal outcome, but not with severe hypertension or the 
composite adverse maternal outcome. The attenuation after adjustment for 
gestational age at delivery suggests that the neonatal association was not 
independent of the timing of birth.
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Introduction
	 Preeclampsia is a heterogeneous multisystem 
disorder characterized by new-onset hypertension af-
ter 20 weeks of gestation accompanied by proteinu-
ria and/or maternal organ dysfunction. It remains an 
important cause of maternal and perinatal morbidity 
worldwide. Current diagnostic frameworks no longer 
require proteinuria when other severe maternal or 
uteroplacental features are present, and the amount 
of proteinuria is not considered a severe feature in 
the American College of Obstetricians and Gyneco-
logists criteria.1, 2 

	 Proteinuria reflects glomerular endothelial 
injury and altered permselectivity arising from the 
systemic endothelial dysfunction of preeclampsia.3-5 
Nevertheless, its prognostic meaning is uncertain. 
A systematic review concluded that the measured 
amount of proteinuria was a poor stand-alone predi-
ctor of maternal and fetal complications.6 Similarly, 
the multicenter PIERS cohort found that dipstick, 
protein-to-creatinine ratio, and 24-hour protein exc-
retion had limited ability to predict adverse outcomes 
in isolation.7 Other cohorts, however, have linked hi-
gher protein excretion to earlier delivery, fetal growth 
restriction, low birthweight, and neonatal intensive 
care admission.8-11 Differences in diagnostic threshol-
ds, methods of urine assessment, gestational age, and 
outcome definitions probably contribute to the conf-
licting evidence.12, 13 
	 The present study aimed to compare maternal 
characteristics, laboratory parameters, and perinatal 
outcomes between preeclamptic women with dips-
tick proteinuria <2+ and ≥2+. We also investigated 
whether proteinuria was independently associated 
with a composite adverse neonatal outcome.
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Material and Methods
Study design and setting
	 This single-center retrospective cohort study 
was conducted in the Department of Perinatology at 
Ankara Bilkent City Hospital, Ankara, Turkiye. The 
study included women diagnosed with preeclampsia 
between June 2025 and June 2026
Participants and definitions
	 A total of 260 women coded as having preec-
lampsia were eligible for the present analysis. Women 
were categorized by urine dipstick grade as <2+ (0 or 
1+; n=126) or ≥2+ (2+, 3+, or 4+; n=134). Dipstick 
grades were 0 in 91 women, 1+ in 35, 2+ in 44, 3+ in 
50, and 4+ in 40. The ≥2+ threshold was selected a 

priori in accordance with guideline-based definitions 
of proteinuria in preeclampsia. ACOG and ISSHP de-
fine significant proteinuria as ≥300 mg in a 24-hour 
urine collection or a spot urine protein-to-creatinine 
ratio ≥0.3 (30 mg/mmol); when quantitative methods 
are unavailable or rapid clinical decisions are requi-
red, a urine dipstick reading of ≥2+ may be used as a 
reasonable alternative.1, 2

	 Preeclampsia was defined according to 
ACOG criteria as new-onset hypertension after 20 
weeks of gestation accompanied by proteinuria or, in 
the absence of proteinuria, new-onset maternal organ 
dysfunction or other severe features. Severe hyper-
tension was defined as systolic blood pressure ≥160 
mmHg or diastolic blood pressure ≥110 mmHg.1
Data collection and outcomes
	 Maternal age, gravidity, parity, gestational 
age at delivery, birthweight, Apgar scores, hemato-
logic indices, blood urea nitrogen (BUN), creatinine, 
liver enzymes, bilirubin, and estimated glomerular 
filtration rate (eGFR) were extracted. 
Severe hypertension was analyzed according to the 
diagnosis recorded in the database. The composite 
adverse maternal outcome comprised HELLP sy-
ndrome, eclampsia, maternal intensive care requi-
rement, or maternal death. The composite adverse 
neonatal outcome comprised at least one of delivery 
before 34 weeks, birthweight <1500 g, neonatal in-
tensive care unit (NICU) admission, 1-minute Apgar 
score <7, 5-minute Apgar score <7, fetal death, or ne-
onatal death.
Statistical analysis
	 Normality was assessed separately in the two 
proteinuria groups using the Shapiro–Wilk test. He-
moglobin, which was normally distributed in both 
groups, is reported as mean ± standard deviation and 
was compared using Welch’s independent-samples t 
test. Other continuous variables are reported as medi-
an (minimum–maximum) and were compared using 
the Mann–Whitney U test. Categorical variables are 
reported as n/N (%) and were compared using Pear-
son’s chi-square test. Analyses were complete-case 
by variable. Two-sided p<0.05 was considered sta-
tistically significant. Because the comparisons were 
exploratory, p values were not adjusted for multipli-
city.
	 Binary logistic regression was used for the 
composite adverse neonatal outcome. Proteinuria 
≥2+ was the exposure of interest, with dipstick gra-
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des 0/1+ as the reference group. Model 1 was unad-
justed. Model 2 included proteinuria ≥2+, maternal 
age, nulliparity, and severe hypertension. Covariates 
were selected a priori based on clinical relevance and 
the existing literature.1 Model 3 additionally included 
gestational age at delivery to assess whether the asso-
ciation was independent of timing of birth; because 
gestational age may lie on the causal pathway, Model 
3 was interpreted as an explanatory sensitivity model 
rather than the primary etiologic model. Results are 
presented as ORs with 95% CIs. Discrimination was 
evaluated using the area under the receiver operating 
characteristic curve (AUC), and calibration with the 
Hosmer–Lemeshow test where applicable. No model 
variable had missing data.
Ethical considerations
The study was approved by the Ankara Bilkent City 
Hospital Ethics Committee (approval no. TABED 
2-26-2546; approval date: July 8, 2026). The require-
ment for individual informed consent was waived by 
the Ethics Committee due to the retrospective nature 
of the study. The study was conducted in accordance 
with the principles of the Declaration of Helsinki.

Results
Cohort characteristics
	 The study included 260 women with preeclam-
psia, of whom 134 (51.5%) had dipstick proteinuria 
≥2+ and 126 (48.5%) had grades 0/1+. Maternal age 
was lower in the ≥2+ group (median, 31.5 vs 32.5 ye-
ars; p=0.048). Gravidity and parity were also lower in 
the ≥2+ group (both p≤0.002) (Table 1).
Laboratory findings
	 Hemoglobin, white blood cell count, and pla-
telet count did not differ significantly between the 
groups. Women with proteinuria ≥2+ had higher BUN 
levels (median, 24 vs 19 mg/dL; p<0.001), higher cre-
atinine levels (median, 0.60 vs 0.54 mg/dL; p<0.001), 
and lower eGFR values (median, 122 vs 126 mL/
min/1.73 m²; p=0.013). AST, ALT, total bilirubin, and 
direct bilirubin levels were similar between the groups 
(Table 1).

Maternal and neonatal outcomes
	 Gestational age at delivery did not differ signi-
ficantly between the ≥2+ and <2+ groups (median, 35 
vs 36 weeks; p=0.070). Median birthweight was lower 
in the ≥2+ group (2315 vs 2520 g; p=0.002), whereas 
1- and 5-minute Apgar scores were similar (p=0.560 
and p=0.733, respectively). Severe hypertension 
(45.5% vs 40.5%; p=0.412) and the composite adver-
se maternal outcome (7.5% vs 4.8%; p=0.365) did not 
differ significantly. NICU admission was more frequ-
ent in the ≥2+ group, although the difference was not 
statistically significant (48.5% vs 38.1%; p=0.091). 
The composite adverse neonatal outcome was signi-
ficantly more frequent in the ≥2+ group (57.5% vs 
44.4%; p=0.036). No fetal deaths occurred in either 
group. Neonatal death occurred in 2 women in the ≥2+ 
group and 2 women in the <2+ group (1.5% vs 1.6%; 
p=1.000). (Table 2).

Table 1. Clinical and laboratory characteristics ac-
cording to dipstick proteinuria level

Variable Proteinuria ≥2+ 
(n=134)

Proteinuria <2+ 
(n=126)

p 
value

Maternal age, years 31.5 
(18-46)

32.5 
(19-49)

0.048

Gravidity 2 
(1-7)

2 
(1-9)

<0.001

Parity 0 
(0-5)

1 
(0-6)

0.002

Hemoglobin, g/dL 11.93 ± 1.59 12.13 ± 1.44 0.282

White blood cell count, /µL 10800 
(1440-22000)

10830 
(3150-73660)

0.805

Platelet count, /µL 238500 
(58000-546000)

242500 
(60000-528000)

0.864

BUN, mg/dL 24 
(1-56)

19 
(1-41)

<0.001

Creatinine, mg/dL 0.60 
(0.30-1.35)

0.54 
(0.34-1.04)

<0.001

AST, U/L 24 
(5-454)

20 
(7-1062)

0.059

ALT, U/L 16 
(3-340)

14.5 
(5-1123)

0.340

Total bilirubin, mg/dL 0.40
 (0.10-1.80)

0.40 
(0.20-1.90)

0.447

Direct bilirubin, mg/dL 0.10 
(0.00-1.00)

0.10 
(0.00-0.40)

0.208

eGFR, mL/min/1.73 m² 122 
(56-153)

126 
(70-153)

0.013

Values are presented as mean ± standard deviation or median (minimum–maxi-
mum), as appropriate. Welch’s independent-samples t test was used for hemog-
lobin, and the Mann–Whitney U test was used for all other variables. 
BUN, blood urea nitrogen; AST, aspartate aminotransferase; ALT, alanine ami-
notransferase; eGFR, estimated glomerular filtration rate.
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Logistic regression analysis
	 In the unadjusted model, dipstick proteinuria 
≥2+ was associated with higher odds of the composi-
te adverse neonatal outcome (OR 1.69, 95% CI 1.03–
2.76; p=0.036; AUC=0.565). The association remained 
significant in the primary model adjusted for maternal 
age, nulliparity, and severe hypertension (adjusted OR 
1.74, 95% CI 1.03–2.93; p=0.037; AUC=0.658). When 
gestational age at delivery was added in the sensitivity 
model, the proteinuria estimate was attenuated and no 
longer statistically significant (adjusted OR 1.40, 95% 
CI 0.72–2.71; p=0.317), whereas discrimination inc-
reased (AUC=0.864). Thus, Model 2 represented the 
primary adjusted association, while Model 3 described 
the association after accounting for gestational age at 
delivery; attenuation in Model 3 is compatible with, 
but does not establish, an intermediate role of earlier 
delivery (Table 3).

Discussion
	 The main finding was that dipstick proteinuria 
≥2+ identified a preeclampsia phenotype characteri-
zed by greater renal involvement, lower birthweight, 
and a higher frequency of adverse neonatal outcome, 
but not by a higher frequency of severe hypertensi-
on. Proteinuria ≥2+ increased the adjusted odds of 
the composite adverse neonatal outcome by approxi-
mately 74% after adjustment for maternal age, nulli-
parity, and severe hypertension. Although maternal 
age, gravidity, and parity differed statistically betwe-
en groups, the absolute differences were modest and 
may have limited clinical relevance; these findings 
should be viewed as baseline group characteristics 
rather than clinically meaningful separation. The 
estimate weakened after gestational age at delivery 
was included. This attenuation is compatible with 
the possibility that earlier delivery lies partly on the 
pathway linking proteinuria to neonatal outcome, but 
mediation cannot be established from these retrospe-
ctive observational data.
	 The renal findings are biologically plausib-
le. Glomerular endotheliosis and imbalance betwe-
en angiogenic and antiangiogenic pathways increase 
glomerular permeability in preeclampsia.3,14 Accor-
dingly, women with dipstick proteinuria ≥2+ in our 
cohort had higher BUN and creatinine and lower 
eGFR. However, the absence of differences in severe 
hypertension or composite adverse maternal outco-
me supports modern diagnostic frameworks, which 
emphasize multisystem findings rather than protei-
nuria alone.1, 6 
	 Our neonatal findings are consistent with the 
PIERS proteinuria analysis, threshold-based studies, 
and a recent large Brazilian cohort reporting lower 
birthweight, more prematurity, and greater neonatal 
intensive care use among women with greater prote-
inuria.7, 9, 10, 15 By contrast, meta-analytic evidence in-

Table 2. Maternal and neonatal outcomes according to 
dipstick proteinuria level

Outcome Proteinuria ≥2+ 
(n=134)

Proteinuria <2+ 
(n=126)

p 
value

Gestational age at delivery, 
weeks

35 (23-41) 36 (26-42) 0.070

Birthweight, g 2315 (480-4850) 2520 (520-4280) 0.002

1-minute Apgar score 7 (0-8) 7 (0-8) 0.560

5-minute Apgar score 9 (0-10) 9 (0-10) 0.733

Birthweight <1500 g 37/134 (27.6) 17/126 (13.5) 0.005

Delivery before 34 weeks 45/134 (33.6) 30/126 (23.8) 0.082

1-minute Apgar score <7 40/134 (29.9) 34/126 (27.0) 0.609

5-minute Apgar score <7 14/134 (10.4) 14/126 (11.1) 0.863

Fetal death 0/134 (0.0) 0/126 (0.0) —

Neonatal death 2/134 (1.5) 2/126 (1.6) 1.000

NICU admission 65/134 (48.5) 48/126 (38.1) 0.091

Severe hypertension 61/134 (45.5) 51/126 (40.5) 0.412

Composite adverse mater-
nal outcome

10/134 (7.5) 6/126 (4.8) 0.365

Composite adverse neona-
tal outcome

77/134 (57.5) 56/126 (44.4) 0.036

Values are presented as median (minimum–maximum) or n/N (%); Pearson’s 
chi-square test or Fisher’s exact test was used for categorical variables, as ap-
propriate.
NICU, neonatal intensive care unit. 

Table 3. Logistic regression for composite adverse 
neonatal outcome

Model N Proteinuria ≥2+ 
OR (95% CI)

p 
value

AUC

Model 1: Unadjusted 260 1.69 (1.03-2.76) 0.036 0.565

Model 2: Adjusted for maternal 
age, nulliparity, and severe 
hypertension

260 1.74 (1.03-2.93) 0.037 0.658

Model 3: Model 2 + gestational 
age at delivery

260 1.40 (0.72-2.71) 0.317 0.864

ORs are for dipstick proteinuria ≥2+ versus <2+ (0/1+). AUC, area under the 
receiver operating characteristic curve
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verse maternal events was small, precluding a stable 
multivariable maternal model. Multiple univariable 
comparisons were exploratory and not multiplicity-a-
djusted. Finally, external validation is required before 
the regression model can be used clinically.17, 18

Conclusion
	 Among women with preeclampsia, dipstick 
proteinuria ≥2+ was associated with renal biochemi-
cal abnormalities, lower birthweight, and approxima-
tely 74% higher adjusted odds of a composite adverse 
neonatal outcome, but not with severe hypertension 
or adverse maternal outcome. The neonatal associa-
tion was attenuated after gestational age at delivery 
was considered. Dipstick proteinuria ≥2+ should the-
refore be interpreted as one component of a broader 
maternal–fetal assessment, not as an isolated measure 
of severity or prognosis, and should not alone deter-
mine classification of severe preeclampsia or timing 
of delivery.
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Abstract

Introduction: In intrahepatic cholestasis of pregnancy (ICP), risk assess-
ment rests on bile acid concentrations measured at diagnosis or at their 
peak. We asked whether a prespecified ≥50% decrease in total serum bile 
acids (TSBA) after ursodeoxycholic acid (UDCA) treatment predicts ad-
verse perinatal outcomes.
Methods: We retrospectively studied 200 singleton pregnancies with ICP 
(TSBA ≥19 µmol/L) treated with UDCA between January 2020 and January 
2026. Women with a ≥50% decrease in TSBA at follow-up were classified 
as biochemical responders (n=135); the remainder were non-responders 
(n=65). The primary outcome was a composite of preterm birth, meconi-
um-stained amniotic fluid, fetal distress, neonatal intensive care unit admis-
sion, or stillbirth. Logistic regression was adjusted for maternal age, body 
mass index, gestational age at diagnosis, and baseline TSBA.
Results: The composite outcome occurred in 49.6% of responders and 
69.2% of non-responders (adjusted odds ratio [aOR] 0.41, 95% confidence 
interval [CI] 0.21-0.80, p=0.009). The percentage decrease in TSBA dis-
criminated the composite outcome better than baseline (area under the curve 
0.613 versus 0.523) or peak TSBA (0.537, p<0.001). The group difference 
was confined to iatrogenic preterm birth (9.6% versus 29.2%, p<0.001); 
spontaneous preterm birth was similar, and a composite excluding iatrogen-
ic preterm birth showed no association (aOR 0.87, p=0.659).
Conclusion: The biochemical response to UDCA carries prognostic infor-
mation beyond static bile acid values, but the association operates mainly 
through iatrogenic preterm delivery. Response assessment may support sur-
veillance and counseling; it should not by itself trigger intervention.
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Introduction
	 Intrahepatic cholestasis of pregnancy (ICP) is 
the most common liver disease specific to pregnan-
cy. It usually presents in the second or third trimester 
with maternal pruritus and a rise in total serum bile 
acids (TSBA).1,2 The maternal course is usually fa-
vorable, and symptoms resolve after delivery. For the 
fetus, ICP has been associated with spontaneous and 
iatrogenic preterm birth, meconium-stained amniot-
ic fluid, neonatal unit admission, and stillbirth.3,4 In 
an individual participant data meta-analysis of 5269 
women, the risk of stillbirth in singleton pregnancies 
rose steeply only at peak TSBA concentrations of 100 
µmol/L or more, and peak TSBA discriminated still-
birth well whereas transaminases did not.3 Current 
guidance therefore anchors delivery timing to peak 
TSBA.2,3

	 Ursodeoxycholic acid (UDCA) is the drug 
most women with ICP receive, and it improves pru-
ritus and biochemistry in the majority.2,5 What it does 
for the fetus is less clear. In the placebo-controlled 
PITCHES trial, UDCA did not reduce the primary 
composite of perinatal death, preterm delivery, or 
neonatal unit admission.6 An individual participant 
data meta-analysis later suggested a possible reduc-
tion in spontaneous preterm birth, mainly in random-
ized studies.7 How to reconcile these findings is still 
debated, and heterogeneity of the biochemical re-
sponse to treatment is one proposed explanation.8
	 Risk assessment in practice remains static: it 
uses the TSBA value at diagnosis or the peak value, 
not the trajectory under treatment.2,8 Whether the re-
sponse to UDCA adds prognostic information is large-
ly untested. In a prospective Indian cohort, TSBA fell 
by a mean of 45.6% after UDCA, but no threshold 
for this change was validated against outcomes.9 In 
twin pregnancies with ICP, adding dynamic TSBA 
monitoring and treatment-response information im-
proved the prediction of preterm birth.10 A decrease 
of at least 50% has served as a response definition in 
severe, treatment-refractory ICP.11 Its predictive val-
ue for perinatal outcomes in singleton pregnancies is 
unknown.
	 We therefore examined whether a prespeci-
fied ≥50% decrease in TSBA after UDCA treatment 
predicts adverse perinatal outcomes in women with 
ICP, and we compared this dynamic measure with 
baseline and peak TSBA. Our hypothesis was that 
biochemical responders would have a lower risk of 
the composite adverse perinatal outcome than non-re-
sponders, independent of baseline severity.
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Material and Methods
Study design and setting
	 This retrospective cohort study was conducted 
in the Perinatology Unit of the Department of Obstet-
rics and Gynecology, Haseki Training and Research 
Hospital, Istanbul, Türkiye. We reviewed the records 
of women diagnosed with ICP between January 1, 
2020, and January 1, 2026. The Ethics Committee 
for Non-Interventional Clinical Research of Haseki 
Training and Research Hospital approved the study 
protocol (decision number: 128-2026; date: May 13, 
2026), and the study was performed in accordance 
with the Declaration of Helsinki. Because the design 
was retrospective and based on anonymized records, 
the committee waived the requirement for individual 
informed consent. Reporting follows the Strength-
ening the Reporting of Observational Studies in Ep-
idemiology (STROBE) recommendations for cohort 
studies.
Participants
	 Eligible women were 18-45 years old, carried 
a singleton pregnancy, and had a confirmed diagnosis 
of ICP, defined as maternal pruritus with a TSBA con-
centration of ≥19 µmol/L.12 This cutoff is the preg-
nancy-specific upper reference limit for non-fasting 
TSBA derived from a large case-control study and 
was preferred to the historical fasting-based threshold 
of 10 µmol/L.12 TSBA was measured in the non-fast-
ing state, without a standardized fasting requirement, 
so the non-fasting threshold was considered the ap-
propriate diagnostic criterion. All had started UDCA 
at diagnosis, had paired pretreatment and post-treat-
ment TSBA measurements, and delivered at our cen-
ter with complete perinatal follow-up data. Exclusion 
criteria were multiple gestation; preeclampsia, ec-
lampsia, or gestational hypertension; pregestation-
al or gestational diabetes mellitus; viral hepatitis or 
chronic liver disease; HELLP syndrome or acute fatty 
liver of pregnancy; cholelithiasis or other structural 
hepatobiliary disease; major fetal structural or chro-
mosomal abnormality; preterm premature rupture of 
membranes; and missing bile acid measurements. 
Figure 1 shows the selection of the cohort. Hepatobi-
liary ultrasonography was not used to diagnose ICP; 
its role was to exclude gallstones, bile duct dilatation, 
and other structural hepatobiliary disease, and women 
with such findings were excluded.
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Data collection
	 Data came from the hospital information 
management system, laboratory records, perinatolo-
gy follow-up charts, delivery records, and neonatal 
files, abstracted onto a standardized case report form. 
We recorded maternal age, body mass index (BMI), 
gravidity, parity, smoking, ICP in a previous preg-
nancy, gestational age at diagnosis, pruritus intensity 
(0-10 numeric rating scale), baseline, post-treatment, 
and peak TSBA, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), gamma-glutamyl 
transferase (GGT), total bilirubin, daily UDCA dose, 
the interval to the follow-up TSBA measurement, 
mode and onset of delivery, gestational age at deliv-
ery, birth weight, 1- and 5-minute Apgar scores, me-
conium-stained amniotic fluid, fetal distress, neonatal 
intensive care unit (NICU) admission and length of 
stay, and stillbirth. All data were anonymized before 
analysis.
Exposure definition and treatment
	 UDCA was started at diagnosis at an approx-
imate dose of 10-15 mg/kg/day, administered orally 
in two or three divided doses. The usual starting dose 
was 500-1000 mg/day according to maternal weight, 

and the dose was up-titrated at follow-up visits ac-
cording to pruritus severity and the TSBA response, 
to a maximum of 1500 mg/day (recorded daily dos-
es, 500-1500 mg). The biochemical response was 
the percentage change in TSBA, calculated as (base-
line TSBA - post-treatment TSBA) / baseline TSBA 
× 100. The follow-up measurement was obtained a 
median of 14 days (range 7-21 days) after treatment 
initiation. Women with a decrease of ≥50% from 
baseline formed the responder group; women with a 
smaller decrease, or an increase, formed the non-re-
sponder group. The 50% threshold was prespecified 
in the study protocol. Peak TSBA was the highest 
concentration recorded during pregnancy, and disease 
severity was categorized by peak TSBA as mild (<40 
µmol/L), moderate (40-99.9 µmol/L), or severe (≥100 
µmol/L), in line with the risk thresholds identified in 
the individual participant data meta-analysis.3 During 
the study period, the timing of delivery followed a 
severity-stratified institutional approach informed 
by contemporary guidance:2 delivery was planned 
at approximately 36 weeks of gestation for women 
with peak TSBA ≥100 µmol/L, at 37-38 weeks for 
peak TSBA of 40-99.9 µmol/L, and at 38-39 weeks 
for milder disease, with earlier delivery at the discre-
tion of the treating clinicians for refractory pruritus, 
persistently rising TSBA despite treatment, or nonre-
assuring fetal status. Delivery decisions were there-
fore informed by bile acid concentrations, maternal 
symptoms, and the biochemical response, and were 
not blinded to them.
Outcomes
	 The primary outcome was a composite ad-
verse perinatal outcome: at least one of preterm birth 
(<37 weeks), meconium-stained amniotic fluid, fe-
tal distress (nonreassuring fetal heart rate patterns 
requiring obstetric intervention), NICU admission, 
or stillbirth. Secondary outcomes were the individu-
al components, spontaneous and iatrogenic preterm 
birth analyzed separately, Apgar scores, birth weight, 
gestational age at delivery, and NICU length of stay. 
Because delivery timing may itself depend on the 
biochemical response, we prespecified a sensitivity 
analysis using an alternative composite that excluded 
iatrogenic preterm birth.
Statistical analysis
	 Analyses were performed with IBM SPSS 
Statistics version 26.0 (IBM Corp., Armonk, NY, 
USA). Distributions were checked with the Shap-

Figure 1

Figure 1. Flow diagram of study population selection. ICP, intrahepatic 

cholestasis of pregnancy; TSBA, total serum bile acids; UDCA, ursodeoxy-

cholic acid; PPROM, preterm prelabor rupture of membranes.
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iro-Wilk test. Normally distributed variables are re-
ported as mean ± standard deviation and compared 
with the independent-samples t test; the others are 
reported as median (interquartile range [IQR]) and 
compared with the Mann-Whitney U test. Categorical 
variables are numbers (percentages), compared with 
the chi-square or Fisher exact test, with unadjusted 
odds ratios (ORs) and 95% confidence intervals (CIs) 
for perinatal outcomes. Multivariable binary logistic 
regression estimated the association between bio-
chemical response and the composite outcome, with 
maternal age, BMI, gestational age at diagnosis, and 
baseline TSBA (per 10 µmol/L) as prespecified co-
variates. Gestational age at delivery lies on the causal 
pathway and was not entered into the models. Cali-
bration was assessed with the Hosmer-Lemeshow test 
and collinearity with variance inflation factors. The 
percentage decrease in TSBA was also modeled con-
tinuously (per 10 percentage points), with a quadratic 
term to test linearity, and its incremental value was as-
sessed with the likelihood ratio test and by comparing 
the areas under the receiver operating characteristic 
curves (AUCs) of nested models. AUCs of compet-
ing bile acid indices were compared with the DeLong 
method, the optimal cutoff was identified with the 
Youden index, and the diagnostic indices of the 50% 
threshold were calculated with 95% Wilson CIs. Sub-
group analyses stratified by peak TSBA severity were 
prespecified, with a likelihood ratio test for interac-
tion. Analyses used complete cases; missing data did 
not exceed 6% for any variable. Two-tailed p values 
below 0.05 were considered statistically significant; 
exact p values are reported.

Results
Study population
	 During the study period, 342 potentially el-
igible records were identified. After removal of 41 
duplicate records, 301 pregnancies were assessed for 
eligibility and 101 were excluded; the reasons are 
detailed in Figure 1. The most frequent were miss-
ing paired TSBA measurements (n=31), TSBA <19 
µmol/L or an unconfirmed diagnosis (n=18), and 
UDCA not having been started (n=11). The final co-
hort comprised 200 women. Mean maternal age was 
29.71 ± 5.34 years, mean BMI was 27.64 ± 4.68 kg/
m², and the median gestational age at diagnosis was 
33.75 (IQR 31.60-35.50) weeks. The median baseline 
TSBA was 33.35 (IQR 27.18-55.48) µmol/L. After a 
median interval of 14.00 (IQR 10.00-18.00) days, the 

median decrease in TSBA was 65.00% (IQR 45.58-
80.17%; range -1.20% to 95.30%); TSBA rose de-
spite treatment in one woman. In total, 135 women 
(67.5%) reached a ≥50% decrease and formed the re-
sponder group; 65 (32.5%) were non-responders. No 
stillbirth occurred, so this component of the compos-
ite outcome was not assessable.
Baseline, biochemical, and treatment characteristics
	  The groups were comparable for age, BMI, 
gravidity, parity, smoking, previous ICP, gestational 
age at diagnosis, and pruritus score (Table 1). Non-re-
sponders had higher baseline TSBA (median 41.60 
versus 31.70 µmol/L, p=0.004), peak TSBA (42.80 
versus 33.50 µmol/L, p=0.002), ALT (63.50 versus 
53.80 U/L, p=0.023), and total bilirubin (0.77 versus 
0.67 mg/dL, p=0.002), and severe disease was more 
frequent among them (16.9% versus 6.7%; overall 
severity distribution, χ²=5.995, p=0.050) (Table 2). 
UDCA dose and the interval to the follow-up mea-
surement did not differ.

Table 1. Baseline maternal and clinical characteristics 
according to biochemical response to ursodeoxycho-
lic acid
Characteristic Responders 

(≥50% decrease) 
(n=135)

Non-responders 
(<50% decrease) 
(n=65)

p 
value

Maternal age, years, mean 
± SD

29.86 ± 5.33 29.40 ± 5.39 0.570

Body mass index, kg/m², 
mean ± SD*

27.78 ± 4.49 27.35 ± 5.07 0.545

Gravidity, median (IQR) 2.00 (1.00-3.00) 2.00 (1.00-3.00) 0.469

Parity, median (IQR) 0.00 (0.00-1.00) 0.00 (0.00-1.00) 0.813

Nulliparity, n (%) 86 (63.7) 40 (61.5) 0.766

Smoking, n (%) 8 (5.9) 3 (4.6) 1.000

ICP in a previous pregnan-
cy, n (%)

6 (4.4) 7 (10.8) 0.124

Gestational age at diagno-
sis, weeks, median (IQR)

33.50 (31.10-
35.70)

34.00 (31.90-
35.40)

0.403

Pruritus intensity score 
(0-10), median (IQR)†

5.00 (4.00-6.00) 5.00 (4.00-6.00) 0.118

SD, standard deviation; IQR, interquartile range; ICP, intrahepatic cholestasis of 
pregnancy. *Missing in 7 women. †Missing in 12 women. Independent-samples 
t test, Mann-Whitney U test, chi-square test, or Fisher exact test, as appropriate.
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versus 47.7%, p=0.582). Responders delivered later 
(median 38.10 versus 37.40 weeks, p=0.040) and had 
heavier newborns (median 3211.10 versus 3010.30 g, 
p=0.030). The 5-minute Apgar score differed statis-
tically (p=0.031) with identical medians (9.00 [IQR 
9.00-10.00] versus 9.00 [IQR 9.00-9.00]), and no in-
fant had a 5-minute Apgar score below 7. Among ad-
mitted neonates, NICU stay was similar (median 5.50 
versus 5.00 days, p=0.598).

Table 2. Biochemical and treatment characteristics ac-
cording to biochemical response to ursodeoxycholic 
acid
Variable Responders 

(n=135)
Non-responders 

(n=65)
p 

value

Baseline TSBA, µmol/L, 
median (IQR)

31.70 (25.60-
48.15)

41.60 (29.10-
80.90)

0.004

Post-treatment TSBA, 
µmol/L, median (IQR)

7.90 (5.05-11.50) 30.90 (17.70-
46.10)

<0.001

Peak TSBA, µmol/L, 
median (IQR)

33.50 (28.45-
50.10)

42.80 (31.50-
84.00)

0.002

Decrease in TSBA, %, 
median (IQR)

75.70 (64.80-
85.75)

38.10 (25.80-
45.20)

<0.001

Peak TSBA severity, n (%) 0.050

   Mild (<40 µmol/L) 84 (62.2) 32 (49.2)

   Moderate (40-99.9 
µmol/L)

42 (31.1) 22 (33.8)

   Severe (≥100 µmol/L) 9 (6.7) 11 (16.9)

AST, U/L, median (IQR) 46.70 (39.00-
59.95)

52.40 (42.40-
62.30)

0.092

ALT, U/L, median (IQR) 53.80 (46.05-
63.25)

63.50 (47.50-
78.80)

0.023

GGT, U/L, median (IQR)* 22.60 (18.50-
27.40)

23.10 (19.12-
28.88)

0.455

Total bilirubin, mg/dL, 
median (IQR)†

0.67 (0.60-0.81) 0.77 (0.66-0.92) 0.002

Daily UDCA dose, mg, 
median (IQR)

1000.00 
(1000.00-
1250.00)

1000.00 
(1000.00-
1250.00)

0.791

Interval to follow-up 
TSBA, days, median (IQR)

14.00 (10.00-
18.00)

14.00 (10.00-
17.00)

0.863

TSBA, total serum bile acids; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; GGT, gamma-glutamyl transferase; UDCA, ursodeoxycholic 
acid; IQR, interquartile range. *Missing in 11 women. †Missing in 9 women. 
Severity distribution compared with the chi-square test (χ²=5.995).

Perinatal outcomes
	 Table 3 and Figure 2 summarize the perina-
tal outcomes. The composite adverse outcome oc-
curred in 67 of 135 responders (49.6%) and 45 of 65 
non-responders (69.2%) (OR 0.44, 95% CI 0.23-0.82; 
χ²=6.841, p=0.009). Preterm birth was less frequent 
among responders (17.8% versus 38.5%; OR 0.35, 
95% CI 0.18-0.67; χ²=10.148, p=0.001). Disaggregat-
ed by onset, the difference lay entirely in iatrogenic 
preterm birth (9.6% versus 29.2%; OR 0.26, 95% CI 
0.12-0.56; χ²=12.542, p<0.001). Spontaneous preterm 
birth did not differ (8.1% versus 9.2%, p=0.797). 
Neither did meconium-stained amniotic fluid (10.4% 
versus 15.4%, p=0.307), fetal distress (17.8% ver-
sus 20.0%, p=0.705), NICU admission (17.8% ver-
sus 18.5%, p=0.906), or cesarean delivery (51.9% 

Table 3. Perinatal outcomes according to biochemical 
response to ursodeoxycholic acid

Outcome Respond-
ers (n=135)

Non-respond-
ers (n=65)

OR (95% 
CI)

p 
value

Composite adverse 
perinatal outcome, 
n (%)

67 (49.6) 45 (69.2) 0.44 (0.23-
0.82)

0.009

Preterm birth (<37 
weeks), n (%) 24 (17.8) 25 (38.5) 0.35 (0.18-

0.67)
0.001

   Spontaneous   
preterm birth, n (%) 11 (8.1) 6 (9.2) 0.87 (0.31-

2.47)
0.797

   Iatrogenic 
preterm birth, n (%)

13 (9.6) 19 (29.2) 0.26 (0.12-
0.56)

<0.001

Meconium-stained 
amniotic fluid, n 
(%)

14 (10.4) 10 (15.4) 0.64 (0.27-
1.52)

0.307

Fetal distress, n (%) 24 (17.8) 13 (20.0) 0.86 (0.41-
1.83)

0.705

NICU admission, 
n (%)

24 (17.8) 12 (18.5) 0.95 (0.44-
2.05)

0.906

Stillbirth, n (%) 0 (0.0) 0 (0.0) NA NA

Cesarean delivery, 
n (%)

70 (51.9) 31 (47.7) — 0.582

Gestational age at 
delivery, weeks, 
median (IQR)

38.10 
(37.40-
38.75)

37.40 (34.80-
38.90)

— 0.040

Birth weight, g, 
median (IQR)*

3211.10 
(2817.00-
3487.40)

3010.30 
(2623.10-
3332.50)

— 0.030

1-minute Apgar 
score, median 
(IQR)†

8.00 (8.00-
9.00)

8.00 (8.00-
8.25)

— 0.148

5-minute Apgar 
score, median 
(IQR)‡

9.00 (9.00-
10.00)

9.00 (9.00-
9.00)

— 0.031

NICU length of 
stay, days, median 
(IQR)§

5.50 (4.00-
8.00)

5.00 (4.00-
8.25)

— 0.598

OR, odds ratio; CI, confidence interval; NICU, neonatal intensive care unit; IQR, 
interquartile range; NA, not assessable (no events). The composite comprised 
preterm birth, meconium-stained amniotic fluid, fetal distress, NICU admission, 
or stillbirth. *Missing in 2 neonates. †Missing in 3 neonates. ‡Missing in 2 neo-
nates; no infant had a 5-minute Apgar score <7. §Among admitted neonates only 
(24 responders, 12 non-responders).
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Multivariable analysis
	 After adjustment for maternal age, BMI, ges-
tational age at diagnosis, and baseline TSBA, a ≥50% 
decrease in TSBA remained associated with lower 
odds of the composite outcome (adjusted odds ratio 
[aOR] 0.41, 95% CI 0.21-0.80, p=0.009) (Table 4). 
Later diagnosis was also associated with lower odds 
(aOR per week 0.89, 95% CI 0.79-0.99, p=0.036); 
baseline TSBA was not (aOR per 10 µmol/L 1.03, 
95% CI 0.94-1.13, p=0.548). Calibration was ade-
quate (Hosmer-Lemeshow χ²=4.97, p=0.761) and all 
variance inflation factors were below 1.1. For preterm 
birth, the adjusted estimate was similar (aOR 0.35, 
95% CI 0.17-0.72, p=0.004). Modeled continuously, 
each 10-percentage-point decrease in TSBA lowered 
the adjusted odds of the composite outcome by 19% 
(aOR 0.81, 95% CI 0.70-0.94, p=0.005), with no de-
parture from linearity (quadratic term, p=0.542). Add-
ing the response variable to the covariate-only model 
improved fit (likelihood ratio χ²=7.09, p=0.008) and 
raised the model AUC from 0.601 to 0.654.

Predictive performance
	 Table 5 and Figure 3 present the discrimination analyses. The percentage decrease in TSBA yielded 
an AUC of 0.613 (95% CI 0.535-0.690) for the composite outcome, higher than baseline TSBA (0.523, 95% 
CI 0.441-0.604), peak TSBA (0.537, 95% CI 0.455-0.618), and post-treatment TSBA (0.583, 95% CI 0.504-
0.662) (DeLong p<0.001 for each comparison). Figure 4 shows the distribution of the percentage decrease by 
outcome status. The Youden index identified an optimal cutoff at a 39.9% decrease (specificity 93.2%, sen-
sitivity 29.5%). At the prespecified 50% threshold, a decrease below 50% predicted the composite outcome 
with a sensitivity of 40.2% (95% CI 31.6-49.4%), a specificity of 77.3% (95% CI 67.5-84.8%), a positive pre-
dictive value of 69.2% (95% CI 57.2-79.1%), and a negative predictive value of 50.4% (95% CI 42.0-58.7%). 
For preterm birth, the AUC was 0.633 (95% CI 0.542-0.725), and the threshold had a sensitivity of 51.0%, a 
specificity of 73.5%, and a negative predictive value of 82.2%.

Figure 2

Figure 2. Unadjusted odds ratios (95% confi-
dence intervals) for perinatal outcomes in bio-
chemical responders (≥50% decrease in TSBA) 
versus non-responders. Estimates to the left of 
unity favor responders; the x-axis is logarithmic. 
NICU, neonatal intensive care unit.

Table 4. Multivariable logistic regression analyses of 
the association between biochemical response and ad-
verse perinatal outcomes (n=193 complete cases)

Model / variable aOR (95% CI) p value

Model 1: composite adverse perinatal 
outcome (primary)

   ≥50% decrease in TSBA (vs <50%) 0.41 (0.21-0.80) 0.009

   Baseline TSBA, per 10 µmol/L 1.03 (0.94-1.13) 0.548

   Gestational age at diagnosis, per week 0.89 (0.79-0.99) 0.036

   Maternal age, per year 0.98 (0.93-1.03) 0.435

   Body mass index, per kg/m² 1.05 (0.98-1.11) 0.179

Model 2: preterm birth

   ≥50% decrease in TSBA (vs <50%) 0.35 (0.17-0.72) 0.004

Model 3: composite outcome, TSBA de-
crease as continuous exposure

   Decrease in TSBA, per 10 percentage 
points

0.81 (0.70-0.94) 0.005

Model 4: sensitivity composite excluding 
iatrogenic preterm birth

   ≥50% decrease in TSBA (vs <50%) 0.87 (0.46-1.63) 0.659

aOR, adjusted odds ratio; CI, confidence interval; TSBA, total serum bile ac-
ids. All models adjusted for maternal age, body mass index, gestational age at 
diagnosis, and baseline TSBA; Models 2-4 report the estimate for the exposure 
of interest. Gestational age at delivery was not entered as a covariate because 
it lies on the causal pathway. Model 1: Hosmer-Lemeshow χ²=4.97, p=0.761; 
all variance inflation factors <1.1; likelihood ratio test for adding biochemical 
response, χ²=7.09, p=0.008.
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Index AUC (95% CI) DeLong p vs percentage 
decrease

Percentage decrease in TSBA 0.613 (0.535-0.690) —

Post-treatment TSBA 0.583 (0.504-0.662) <0.001

Peak TSBA 0.537 (0.455-0.618) <0.001

Baseline TSBA 0.523 (0.441-0.604) <0.001

Table 5. Discriminatory performance of bile acid indices for the composite adverse perinatal outcome

AUC, area under the receiver operating characteristic curve; CI, confi-
dence interval; TSBA, total serum bile acids. Youden-optimal cutoff for 
the percentage decrease: 39.9% (sensitivity 29.5%, specificity 93.2%). 
Prespecified <50% decrease threshold for the composite outcome: sen-
sitivity 40.2% (95% CI 31.6-49.4%), specificity 77.3% (95% CI 67.5-
84.8%), positive predictive value 69.2% (95% CI 57.2-79.1%), negative 
predictive value 50.4% (95% CI 42.0-58.7%).

Stratified and sensitivity analyses
	 Within severity strata, the composite outcome 
was less frequent among responders with moderate 
disease (35.7% versus 68.2%, p=0.018) but not with 
mild (56.0% versus 62.5%, p=0.674) or severe dis-
ease (55.6% versus 90.9%, p=0.127); the interaction 
was not significant (χ²=4.50, p=0.106). In the prespec-
ified sensitivity analysis excluding iatrogenic preterm 
birth from the composite, the association disappeared 
(43.0% versus 46.2%; OR 0.88, 95% CI 0.48-1.59, 
p=0.670; aOR 0.87, 95% CI 0.46-1.63, p=0.659). The 
association between biochemical response and the 
primary composite was therefore attributable largely 
to its iatrogenic preterm birth component.

Figure 3. Receiver operating characteristic curves of the percentage decrease in 
TSBA, post-treatment TSBA, peak TSBA, and baseline TSBA for the predic-
tion of the composite adverse perinatal outcome. AUC, area under the curve; 
CI, confidence interval.

Figure 3 Figure 4

Figure 4. Distribution of the percentage decrease in TSBA after UDCA treatment 
according to the occurrence of the composite adverse perinatal outcome. Boxes 
show medians and interquartile ranges; whiskers extend to 1.5 × IQR; points 
are individual women. The dashed line marks the prespecified 50% threshold.

Discussion
	 In this cohort of 200 singleton pregnancies 
with ICP, women who reached a prespecified ≥50% 
decrease in TSBA after UDCA had lower odds of 
the composite adverse perinatal outcome, before and 
after adjustment for baseline severity (aOR 0.41). 
The percentage decrease behaved as a continuous, 
approximately log-linear predictor and separated 
the composite outcome better than baseline, peak, 
or post-treatment TSBA, although its absolute dis-
crimination was modest. One finding qualifies all the 
others: the association was carried almost entirely by 
iatrogenic preterm birth and disappeared once iatro-
genic preterm birth was excluded from the compos-
ite.
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	 Bile acid values inform delivery decisions, 
and clinicians whose patients remain biochemically 
refractory tend to deliver earlier, in line with severi-
ty-stratified guidance.2 A persistent non-response will 
then produce more iatrogenic preterm birth even if 
the biochemical change itself confers no fetal benefit. 
The same dynamic followed the adoption of active 
management strategies for ICP, which lowered still-
birth at the cost of more iatrogenic prematurity, and 
delivery-timing policy has been tested in a random-
ized design.13,14 We therefore do not read our data as 
evidence that a ≥50% decrease protects the fetus. The 
response behaves as a process indicator, entangled 
with delivery-timing decisions, and its clinical mean-
ing may lie mostly in marking women likely to follow 
a lower-intervention pathway.
	 The management-independent outcomes sup-
port this reading. Spontaneous preterm birth, meco-
nium-stained amniotic fluid, fetal distress, and NICU 
admission were all similar between groups. PITCHES 
reported improved biochemistry without improved 
perinatal outcomes, and its secondary analysis found 
no subgroup with clear benefit.6,15 The individual 
participant data meta-analysis confined any possible 
benefit of UDCA to spontaneous preterm birth, with 
uncertain magnitude.7 Observational cohorts, in con-
trast, have repeatedly tied higher bile acids to preterm 
delivery and adverse outcomes, and our non-respond-
ers did have higher baseline and peak TSBA.3,16,17 
The adjusted estimate suggests the response variable 
carries information beyond baseline severity; the sen-
sitivity analysis shows that this information surfac-
es clinically through delivery decisions rather than 
through measurable fetal compromise.
	 Peak TSBA keeps its central place in risk 
stratification for stillbirth, and nothing here challeng-
es it; our cohort had no stillbirths, so the gravest out-
come of ICP was not assessable.2,3 For the broader 
morbidity composite, however, the dynamic measure 
discriminated better than either static value, and add-
ing it improved a covariate-based model.
	 The biochemical efficacy we observed, a 
≥50% decrease in 67.5% of women, is consistent with 
randomized trials in which UDCA lowered bile acids 
more effectively than comparators, and with the mean 
45.6% decrease reported prospectively.9,18,19 The 50% 
definition itself has precedent: in severe UDCA-re-
fractory ICP, a ≥50% fall defined the biochemical re-
sponse to added rifampicin and occurred in 38% of 
treated women.11 Our study provides, to our knowl-

edge, the first formal test of this threshold against 
perinatal outcomes in singleton ICP. The empirically 
optimal cutoff, a decrease of about 40%, fell close to 
the prespecified 50%. Even so, its diagnostic indices 
were modest (sensitivity 40.2%, specificity 77.3% for 
the composite), and its most useful property was a 
negative predictive value of 82.2% for preterm birth. 
A strong response can offer reassurance. A weak re-
sponse, on its own, is not grounds for intervention.
	 This study has strengths. The threshold was 
prespecified rather than data-derived, and the expo-
sure was also analyzed continuously with a formal 
linearity check. The analysis respected the causal 
structure: gestational age at delivery was treated as a 
mediator and left out of the models, spontaneous and 
iatrogenic preterm birth were separated, and the sen-
sitivity composite was reported in full, an approach 
shaped by the recognized circularity risk when deliv-
ery decisions depend on the biomarker under study. 
Outcome selection was aligned with the core out-
come set for ICP research.20

	 Most limitations are inherent to the design. 
Retrospective, single-center data carry residual con-
founding, above all confounding by indication, be-
cause delivery decisions were left to the treating 
clinicians; this mechanism plausibly explains much 
of the observed association. The absence of still-
birth leaves the study uninformative for the outcome 
that dominates counseling in severe ICP.3 Umbilical 
cord arterial pH, part of the core outcome set, was 
unavailable.20 The response rested on a single fol-
low-up measurement taken 7 to 21 days after treat-
ment started, without standardized fasting status or 
assay conditions, so some response misclassification 
is possible. The model was not validated externally, 
and the secondary analyses were exploratory, without 
correction for multiplicity.
Conclusion
	 A ≥50% decrease in TSBA after UDCA iden-
tifies women with ICP at lower risk of a composite 
adverse perinatal outcome, and the dynamic response 
adds prognostic information beyond baseline and 
peak bile acid values. The association operates main-
ly through iatrogenic preterm delivery and reflects 
management decisions rather than demonstrated fe-
tal benefit. Response assessment may provide addi-
tional information for surveillance and counseling, 
but should not currently be used independently to 
determine delivery timing. Prospective multicenter 
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studies with protocolized delivery criteria, standard-
ized serial TSBA measurement, and core outcome set 
endpoints are needed before treatment response can 
guide management.
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Abstract

Background/Aim: Primary ovarian mucinous adenocarcinoma and pulmo-
nary mucinous adenocarcinoma are distinct entities; however, their overlap-
ping histopathological and immunohistochemical features may create signi-
ficant diagnostic challenges, particularly in distinguishing primary tumors 
from metastatic disease. This case report aims to highlight the diagnostic 
challenge of distinguishing primary pulmonary mucinous adenocarcinoma 
from metastatic ovarian mucinous adenocarcinoma and to emphasize the 
importance of integrating clinical, histopathological, and immunohistoche-
mical findings in the differential diagnosis. 

Case: A 49-year-old female patient presented with pain. Her medical his-
tory revealed that she underwent fertility-sparing surgery and debulking 
for a right ovarian mass in 2001, followed by chemotherapy and successful 
pregnancy via in vitro fertilization. Molecular analysis was negative for 
EGFR, ROS1, and BRAF mutations. The patient had a history of living in 
Kahramanmaraş for over 20 years, and environmental exposure included 
possible dye exposure related to her spouse’s occupation. In 2017, lesions 
were detected in the right upper and lower lobes of the lung. Histopatho-
logical examination revealed mucinous adenocarcinoma in both lobes. Im-
munohistochemically, tumor cells were CK7 and CA125 positive, focally 
CK20 positive, and negative for TTF-1, Napsin-A, CDX2, PAX8, ER, PR, 
and p16. The presence of “mucinous adenocarcinoma in situ” areas in both 
lesions supported the diagnosis of two separate primary lung tumors rat-
her than metastatic disease. Additionally, anthracosis and emphysematous 
changes were observed in the surrounding lung parenchyma. 

Conclusion: Distinguishing between primary and metastatic mucinous tu-
mors requires a comprehensive evaluation of clinical, radiological, histo-
pathological, and immunohistochemical findings. This case highlights the 
diagnostic complexity of mucinous tumors and underscores the importance 
of a multidisciplinary approach in accurate tumor classification and mana-
gement.
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Introduction
	 Mucinous adenocarcinomas represent a hete-
rogeneous group of epithelial malignancies characte-
rized by abundant extracellular mucin production and 
diverse anatomical origins. Among these, primary 
ovarian mucinous adenocarcinoma and pulmonary 
mucinous adenocarcinoma are relatively uncommon 
but clinically significant entities. Despite arising in 
distinct organs, these tumors share overlapping his-
topathological features and, in some cases, similar 
molecular alterations, which may lead to diagnostic 
uncertainty, particularly in the context of synchro-
nous lesions or suspected metastatic disease.1 The 
differentiation between primary and metastatic mu-
cinous tumors is a well-recognized challenge in on-
cologic pathology. Ovarian mucinous tumors, for 
instance, are more frequently metastatic than pri-
mary, often originating from gastrointestinal or panc-
reatobiliary sources Similarly, pulmonary mucinous 
adenocarcinoma—previously categorized under in-
vasive mucinous adenocarcinoma—exhibits unique 
clinicopathological features distinct from conventio-
nal lung adenocarcinomas, including frequent KRAS 
mutations and atypical immunophenotypic profiles.2,3 

These overlapping characteristics can complicate the 
identification of the tumor origin when both ovarian 
and pulmonary lesions are present.  The primary aim 
of this case report is to illustrate the diagnostic chal-
lenge of differentiating primary pulmonary mucinous 
adenocarcinoma from metastatic ovarian mucinous 
adenocarcinoma in a patient with a previous history 
of ovarian mucinous carcinoma. By presenting the 
clinical course, histopathological findings, and im-
munohistochemical profile of this rare case, we emp-
hasize the importance of a multidisciplinary approach 
in achieving an accurate diagnosis and guiding ap-
propriate clinical management. 
	 In this study, the patient was initially opera-
ted on at Selçuk University Faculty of Medicine, and 
subsequently underwent pulmonary surgery at the 
Thoracic Surgery clinic of another center. All clinical 
data related to the patient were anonymized in this 
case report, and their identity information was kept 
completely confidential. The patient provided writ-
ten informed consent for the use of their clinical and 
medical data for scientific purposes.This report  is a 
retrospective case report and only includes an eva-
luation of existing clinical data. No experimental in-
terventions or changes in patient management were 
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made. Therefore, in accordance with relevant legis-
lation and institutional practices, no additional ethics 
committee approval is required. 
Case
	 A 49-year-old female patient presented to this 
clinic with complaints of pain. Her medical history 
revealed that in 2001, a mass was detected in her ri-
ght ovary, leading to fertility-preserving surgery and 
debulking. The patient underwent fertility-sparing 
surgery and debulking for a right ovarian mass in 
2001. Final histopathological examination revealed a 
right-sided primary mucinous adenocarcinoma of the 
ovary (Grade 1, FIGO stage IA). The ovarian capsule 
was intact, there was no ovarian surface involvement 
or lymphovascular space invasion positive (LVSI), 
and peritoneal cytology was malign. Following this, 
she underwent four rounds of  chemotherapy and ac-
hieved pregnancy via in vitro fertilization (IVF). Fol-
lowing fertility-sparing surgery, the patient received 
four cycles of platinum-based chemotherapy. After 
completion of childbearing, completion surgery was 
performed. Owing to the long interval since the initial 
treatment, detailed information regarding the specific 
chemotherapy regimen and the rationale for adminis-
tering four cycles was not available in the medical 
records. 
	 Tumor molecular analysis revealed negative 
results for EGFR, ROS1, and BRAF mutations. In 
2017, evaluations revealed lesions in the upper and 
lower lobes of her right lung. Surgical and pathologi-
cal examinations confirmed tumor formations consis-
tent with mucinous adenocarcinoma in both lobes. A 
mass located in the right upper lobe was approxima-
tely 6 cm in diameter, showing invasion of the vis-
ceral pleura but not exceeding the elastic membrane 
(PL0). Intraalveolar spread was present, but no sig-
nificant lymphovascular or perineural invasion was 
detected. Immunohistochemical examination revea-
led tumor cells to be positive for CK7 and CA125, 
focally positive for CK20, while being negative for 
TTF-1, Napsin-A, CDX2, Vimentin, ER, PR, PAX8, 
and p16. Widespread mucin positivity was also no-
ted. A second lesion, located in the right lower lobe, 
was approximately 11 mm in diameter, showed intra-
parenchymal localization, and did not exhibit visceral 
pleural invasion. Intraalveolar spread was present in 
this lesion as well, but no lymphovascular or perineu-
ral invasion was observed. The presence of areas of 
“mucinous adenocarcinoma in situ” in both tumors 
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supported the possibility that the lesions were two se-
parate primary lung tumors. Additionally, emphyse-
matous changes in the extratumor lung parenchyma, 
intraalveolar pigmented macrophages, and minimal 
anthracosis were observed. Given the patient’s his-
tory of mucinous adenocarcinoma in the ovary and 
lung, further evaluation was conducted. The patient 
had resided in Kahramanmaraş for approximately 21 
years and had a history of occupational dye exposure. 
These environmental factors were recorded as part of 
the patient’s background history but were not consi-
dered sufficient to establish a causal relationship with 
the development of either malignancy. The patient has 
been followed for 10 years after pulmonary surgery. 
During this period, no evidence of local recurrence 
or distant metastasis has been detected on clinical or 
radiological follow-up. She remains alive and has not 
required any additional oncological treatment.
Discussion
	 The co-occurrence of primary ovarian mu-
cinous adenocarcinoma and pulmonary mucinous 
adenocarcinoma in the same patient, especially when 
the lesions appear at different times, raises one of 
the most important diagnostic questions: Is the lesi-
on in the lung an ovarian metastasis or an indepen-
dent primary lung tumor? This distinction is difficult 
in mucinous tumors because both tumor groups can 
exhibit similar morphological patterns, abundant int-
racytoplasmic or extracellular mucin production, and 
partially overlapping immunohistochemical features. 
Ovarian mucinous carcinoma is also a rare subtype 
of epithelial ovarian cancer, and the primary-metasta-
sis distinction in this subtype is already considered a 
diagnostic problem in itself.4 In this case, the central 
differential diagnosis is determining whether the lesi-
ons detected in the lung are metastatic or multifocal/
separate primary pulmonary mucinous adenocarcino-
ma. Pulmonary invasive mucinous adenocarcinoma 
is defined as a specific variant of lung adenocarci-
noma in current lung tumor classifications; these 
tumors can frequently exhibit lepidic/intraalveolar 
spread, display multifocal or pneumonic distribution, 
and have a different immunophenotype than classic 
non-mucinous lung adenocarcinomas. Therefore, in-
terpreting a mucinous lesion in the lung solely based 
on “TTF-1 negativity” as a sign of metastasis is in-
correct, as TTF-1 and Napsin A expression is often 
weak or negative in pulmonary invasive mucinous 
adenocarcinomas.5 The presence of CK7 positivity, 

focal CK20 positivity, and TTF-1 and Napsin A nega-
tivity in the lung tumors of our case, when considered 
alone, does not rule out ovarian metastasis; however, 
it is consistent with pulmonary mucinous adenocar-
cinoma. The literature indicates that in most invasi-
ve mucinous lung adenocarcinomas, CK7 positivity 
is maintained while TTF-1 and Napsin A are frequ-
ently negative, and CK20 and even gastrointestinal 
markers may be expressed at variable levels in some 
cases. Therefore, in this tumor group, immunohisto-
chemistry should be interpreted in conjunction with 
clinical, radiological, and morphological data, rather 
than as a “single-marker identification of origin’.6 In 
the present case, the immunohistochemical profile 
was interpreted in conjunction with the patient’s cli-
nical history and the morphological characteristics of 
both pulmonary lesions. Diffuse CK7 positivity sup-
ported both pulmonary and ovarian mucinous ade-
nocarcinoma; therefore, this marker alone was not 
useful in determining the primary site. Focal CK20 
positivity was considered compatible with pulmo-
nary invasive mucinous adenocarcinoma, as variable 
CK20 expression has been reported in this subtype, 
but it may also be observed in ovarian mucinous tu-
mors with gastrointestinal differentiation. The absen-
ce of TTF-1 and Napsin-A expression did not exc-
lude a pulmonary origin because invasive mucinous 
adenocarcinomas of the lung frequently demonstrate 
reduced or absent expression of these conventional 
pulmonary markers. Likewise, negative PAX8 stai-
ning did not definitively exclude an ovarian primary, 
since primary ovarian mucinous adenocarcinomas 
often lack PAX8 expression. Similarly, the absence 
of CDX2 expression argued against a gastrointesti-
nal primary tumor but was insufficient to determine 
the site of origin on its own. Although CA125 po-
sitivity initially raised the possibility of a Müllerian 
origin, this marker lacks specificity and has also been 
reported in a subset of pulmonary adenocarcinomas. 
Importantly, the identification of mucinous adenocar-
cinoma in situ components within both pulmonary 
lesions strongly favored synchronous primary pul-
monary mucinous adenocarcinomas rather than me-
tastatic ovarian disease. Taken together, the immu-
nophenotypic findings were considered supportive 
rather than definitive, and the final diagnosis relied 
on the integration of clinical history, tumor morpho-
logy, and immunohistochemical results. 



	 On the other hand, primary ovarian mucinous 
carcinomas are also generally CK7 positive; CK20 
and CDX2 expression may be diffuse or variable, 
while PAX8 is more limitedly positive compared to 
other Müllerian tumors and may be completely nega-
tive. Therefore, PAX8 negativity alone does not rule 
out primary ovarian mucinous carcinoma. Similarly, 
expression along the CDX2/CK20 axis can be misle-
ading, especially in ovarian mucinous tumors appro-
aching a gastrointestinal phenotype. Recent reviews 
emphasize that no single immunohistochemical pa-
nel provides absolute accuracy in differentiating 
primary ovarian mucinous tumors from metastatic 
mucinous tumors; the most reliable approach is the 
combined evaluation of tumor size, laterality, surfa-
ce involvement, destructive stromal invasion pattern, 
and clinical history. From a molecular perspective, 
the KRAS pathway is noteworthy in both ovarian 
mucinous carcinoma and pulmonary invasive mu-
cinous adenocarcinoma. Primary ovarian mucinous 
carcinomas frequently carry KRAS alterations, while 
pulmonary invasive mucinous adenocarcinoma is as-
sociated with higher KRAS mutation rates compared 
to other lung adenocarcinoma subtypes; conversely, 
EGFR mutations are less common in this subtype. 
Therefore, a negative result for EGFR, ROS1, and 
BRAF alone is not diagnostic; however, the profile 
does not contradict pulmonary mucinous adenocar-
cinoma. Nevertheless, the approach that can most 
strongly demonstrate a clonal relationship between 
the two tumors is to perform extensive comparati-
ve molecular analysis in both materials, if possible. 
The presence of the same specific KRAS variant and 
accompanying secondary alterations in both tumors 
may contribute to a diagnosis of metastasis, while 
different molecular profiles may support independent 
primary tumors. The immunohistochemical profile of 
this case highlights CA125 positivity. While CA125 
is classically associated with Müllerian neoplasms, it 
is not specific on its own and positivity can also be 
reported in some lung adenocarcinomas. Therefore, 
CA125 positivity should not be over-interpreted as 
favoring ovarian origin, especially in TTF-1/Napsin 
A negative mucinous lung tumors. Similarly, PAX8 
negativity does not definitively rule out primary ova-
rian mucinous carcinoma. Thus, the most appropriate 
approach in this case is to use the immunohistochemi-
cal panel not as an independent “decisive” factor, but 
as supporting data that complements the morphology 
and clinical context. Accompanying anthracosis, pig-
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mented macrophages, and emphysematous changes 
in the lung parenchyma are non-specific findings that 
suggest additional environmental or inhalation expo-
sure. Such changes do not directly determine whet-
her the lung tumor is primary or metastatic; however, 
considering the patient’s long-term residence in Kah-
ramanmaraş and the possible history of dye/chemi-
cal exposure related to his spouse’s occupation, they 
can be considered as helpful background information 
supporting the idea that the lung tissue is susceptib-
le to chronic environmental exposure. However, the 
current literature does not specifically show that this 
type of exposure causes “transformation of ovarian 
mucinous adenocarcinoma to lung mucinous adeno-
carcinoma”; therefore, it is more appropriate to spe-
ak only of possible contribution, not causality, here 
Although KRAS alterations are frequently reported 
in both ovarian mucinous adenocarcinoma and in-
vasive mucinous adenocarcinoma of the lung, no 
KRAS mutation analysis was available in the present 
case. Therefore, any potential role of KRAS in the 
development or biological relationship between the-
se tumors remains speculative and cannot be inferred 
from our findings. Likewise, the patient’s history of 
occupational dye exposure was considered part of the 
clinical background; however, current evidence does 
not support a causal association between such expo-
sure and the occurrence of either ovarian or pulmo-
nary mucinous adenocarcinoma. Consequently, these 
observations should be interpreted with caution and 
should not be regarded as evidence of a biological 
link between the two malignancies. In such cases, the 
final diagnosis should be made through a multidiscip-
linary evaluation involving a clinician, radiologist, 
thoracic pathologist, and gynecopathologist. The dis-
tinction between metastatic disease and synchronous 
primary tumors has important clinical implications. 
If the pulmonary lesions had been interpreted as me-
tastases from the previous ovarian mucinous adeno-
carcinoma, the patient would have been considered to 
have recurrent metastatic ovarian cancer, resulting in 
different staging, systemic treatment strategies, and 
prognostic assessment. In contrast, establishing the 
diagnosis of independent primary pulmonary muci-
nous adenocarcinomas allows disease-specific sta-
ging and appropriate surgical management, followed 
by surveillance according to lung cancer guidelines. 
Furthermore, differentiating multiple primary tumors 
from metastatic disease has a direct impact on long-
term follow-up, as patients require monitoring for 
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recurrence patterns and potential new primary ma-
lignancies specific to each tumor type. Therefore, 
accurate classification through integration of clinical 
history, imaging findings, histopathological features, 
and immunohistochemical results is essential for op-
timizing patient management and avoiding both un-
der- and overtreatment. 
	 Recent studies have further emphasized 
that the differential diagnosis between primary and 
metastatic mucinous tumors cannot rely solely on 
morphology or immunohistochemistry. Although 
immunohistochemical markers such as CK7, CK20, 
TTF-1, Napsin-A, PAX8, CDX2, and SATB2 provide 
valuable diagnostic information, none demonstrates 
sufficient sensitivity or specificity to independently 
determine the site of origin in mucinous neoplasms 
because of their overlapping expression profiles. 
Consequently, current diagnostic approaches recom-
mend interpreting immunohistochemical findings in 
conjunction with the patient’s clinical history, radio-
logical findings, tumor distribution, and histopatho-
logical features. In addition, advances in molecular 
profiling, particularly next-generation sequencing 
(NGS), have provided new opportunities to distin-
guish synchronous primary tumors from metastatic 
disease by evaluating shared or discordant driver 
mutations and clonal relationships. Comparative 
molecular analyses, including assessment of KRAS 
and other recurrent genomic alterations, may provide 
complementary evidence in diagnostically challen-
ging cases. However, such analyses were not avai-
lable in the present case and therefore could not be 
used to support the final diagnosis. Instead, the di-
agnosis relied on the combined interpretation of the 
clinical history, morphological findings, and immu-
nohistochemical profile, highlighting the importance 
of a multidisciplinary approach in the evaluation of 
mucinous tumors.7,8,9 
	 To facilitate the differential diagnosis betwe-
en primary pulmonary mucinous adenocarcinoma 
and metastatic ovarian mucinous adenocarcinoma, 
we propose a practical diagnostic algorithm based on 
the findings of the present case and current literature. 
The initial evaluation should include a comprehen-
sive review of the patient’s clinical history, previous 
malignancies, and radiological findings. Histopatho-
logical examination should then assess tumor morp-
hology, growth pattern, and the presence of mucinous 
adenocarcinoma in situ within the pulmonary lesi-

on, as this finding favors a primary pulmonary ori-
gin. Immunohistochemical analysis, including CK7, 
CK20, TTF-1, Napsin-A, PAX8, CDX2, and CA125, 
should be interpreted as a panel rather than relying on 
any single marker because of the overlapping expres-
sion profiles observed in mucinous tumors. When the 
diagnosis remains uncertain, comparative molecular 
profiling, particularly assessment of shared driver 
alterations such as KRAS mutations by next-gene-
ration sequencing, may provide additional evidence 
regarding the clonal relationship between tumors. 
Ultimately, the final diagnosis should be established 
through multidisciplinary integration of the clinical, 
pathological, immunohistochemical, and, when ava-
ilable, molecular findings to ensure accurate staging 
and optimal patient management (Figure 1).
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Figure 1: Proposed diagnostic algorithm for the dif-
ferential diagnosis between primary pulmonary mu-
cinous adenocarcinoma and metastatic ovarian muci-
nous adenocarcinoma.
	 Proposed diagnostic algorithm for differenti-
ating primary pulmonary mucinous adenocarcinoma 
from metastatic ovarian mucinous adenocarcinoma. 
The algorithm emphasizes the integration of clinical 
history, histopathological findings, immunohistoche-
mical profile, and, when available, comparative mo-
lecular analysis. In the present case, the identification 
of mucinous adenocarcinoma in situ in both pulmo-
nary lesions, together with the clinicopathological 
and immunohistochemical findings, supported the 
diagnosis of independent primary pulmonary muci-
nous adenocarcinomas rather than metastatic ovarian 
disease.
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Limitations and Future Perspectives
	 This report has several important limitations. 
Firstly, the generalizability of the findings is limited 
due to the presentation of a single case. Secondly, 
the lack of re-evaluation of pathological preparati-
ons from the patient’s previous ovarian tumor and the 
inability to perform extensive comparative molecu-
lar analyses (especially of KRAS mutation subtypes) 
between lung and ovarian tumors restricts the defi-
nitive establishment of a possible clonal relationship 
between the tumors. While immunohistochemical 
findings are helpful in differential diagnosis, they are 
not definitive diagnostic due to the overlap of markers 
in mucinous tumors. Future studies should be plan-
ned to include multicenter and larger patient series 
in similar cases, contributing to the differentiation of 
primary and metastatic mucinous tumors. The use of 
advanced molecular methods, particularly next-ge-
neration sequencing (NGS), can more clearly reveal 
the clonal relationship between tumors. Furthermore, 
standardization of immunohistochemical panels and 
the identification of new biomarkers can improve the 
accuracy of differential diagnosis. Multidisciplinary 
approaches integrating clinical, radiological, and pat-
hological data will continue to be critical for accura-
te diagnosis and treatment planning in such complex 
cases. The major limitation of this case is the lack 
of comparative molecular analysis between the ova-
rian and pulmonary tumors. Therefore, a definitive 
conclusion regarding their clonal relationship cannot 
be established. Future studies incorporating compa-
rative molecular profiling, particularly next-genera-
tion sequencing of shared driver mutations such as 
KRAS, may provide more definitive evidence for 
distinguishing metastatic disease from independent 
primary tumors.

Conclusion  
	 This case highlights the diagnostic challen-
ge of distinguishing primary pulmonary mucinous 
adenocarcinoma from metastatic ovarian mucinous 
adenocarcinoma in patients with a previous history 
of ovarian mucinous carcinoma. In the present case, 
the final diagnosis was based on the integration of the 
patient’s clinical history, histopathological features, 
and immunohistochemical findings, particularly the 
identification of mucinous adenocarcinoma in situ 
components in both pulmonary lesions. These findin-
gs supported the diagnosis of independent primary 

pulmonary tumors rather than metastatic disease. Ac-
curate differentiation is essential because it directly 
influences staging, treatment planning, prognosis, 
and long-term follow-up. Although comparative mo-
lecular analyses were not available in this case, they 
may provide additional diagnostic value in selected 
patients with similar complex presentations. The cur-
rent findings suggest that integrating such molecular 
investigations into routine practice could improve 
diagnostic accuracy, especially in cases of complex 
mucinous tumors. In conclusion, this case highlights 
the need for further molecular studies to better un-
derstand the biological behavior and origin of muci-
nous adenocarcinomas, and the data obtained could 
be guiding both in the management of similar cases 
and in the evaluation of potential new primary tumors 
that may arise in the future. 
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What is known about this topic: Primary ovarian 
mucinous adenocarcinoma and pulmonary mucinous 
adenocarcinoma are distinct tumor entities; however, 
they may present with overlapping histopathological 
and immunohistochemical features. This similarity 
can create significant diagnostic challenges, particu-
larly in differentiating primary tumors from metas-
tatic disease. Immunohistochemical markers such as 
CK7, CK20, TTF-1, and PAX8 are frequently used in 
this context, but none of these markers alone is suffi-
cient for definitive diagnosis. In addition, both tumor 
types may share molecular alterations, especially 
involving the KRAS pathway. Therefore, accurate 
differentiation requires a comprehensive evaluation 
integrating clinical history, imaging findings, histo-
pathological examination, and molecular data. 
What this paper adds to the topic: This case report 
highlights the diagnostic complexity of mucinous 
adenocarcinomas occurring in both the ovary and 
lung within the same patient. The identification of 
mucinous adenocarcinoma in situ components in 
both pulmonary lesions supports the interpretation 
of independent primary lung tumors rather than me-
tastatic disease. This study emphasizes that immu-
nohistochemical findings alone are insufficient for 
determining tumor origin and underscores the impor-
tance of a multidisciplinary approach. Furthermore, 
it draws attention to the potential role of molecular 
analyses, particularly KRAS mutation profiling, in 
clarifying the clonal relationship between tumors. By 
presenting this rare clinical scenario, the report cont-
ributes to improving diagnostic accuracy and clinical 
decision-making in similar challenging cases. 
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Abstract

	 May–Thurner syndrome (MTS) is a rare cause of venous thrombo-
embolism (VTE) in children and adolescents and is often underdiagnosed. 
Here we present an adolescent male with extensive iliofemoral deep vein 
thrombosis (DVT) in whom MTS was identified as one of several cont-
ributing etiological factors. His first presentation revealed acute unilate-
ral swelling and pain in the left lower extremity following minor trauma. 
Doppler ultrasonography disclosed extensive acute iliofemoral DVT, and 
further evaluation by computed tomography angiography demonstrated 
extrinsic compression of the left common iliac vein by the right common 
iliac artery, consistent with May–Thurner syndrome. He was also found to 
have homozygous Factor V Leiden mutation, probable hereditary protein C 
deficiency, hyperhomocysteinemia, and celiac disease, together indicating 
a multifactorial thrombotic process. This case highlights the importance of 
considering anatomical venous compression syndromes in adolescents pre-
senting with extensive and unexplained iliofemoral DVT.
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Introduction
	 May–Thurner syndrome (MTS) refers to com-
pression of the left iliac vein by the right common ili-
ac artery against the spine, which may impair venous 
return and predispose to venous stasis, varicosities, 
and deep vein thrombosis (DVT).1 While well recog-
nized in adults, particularly young women, MTS is 
rare in the pediatric population, and its diagnosis may 
be delayed due to low clinical suspicion.2 Here we 
present an adolescent male with extensive iliofemoral 
DVT in whom MTS was identified as one of several 
contributing etiological factors.
Case
	 A 15-year-old male with no known chronic 
medical conditions presented with acute left lower 
extremity swelling and pain following minor trauma; 
osseous pathology was excluded. Persistent symp-
toms prompted Doppler ultrasonography, which de-
monstrated venous thrombosis and led to referral to 
pediatric hematology. He had no personal or family 
history of venous thromboembolism apart from celi-
ac disease in one sibling.
	 Physical examination showed marked swel-
ling, erythema, and tenderness of the entire left lower 
extremity, with a 3-cm circumferential difference (Fi-
gure 1); anthropometric measurements were normal 
for age (weight 52.8 kg, height 169 cm, BMI 18.49 
kg/m²).
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	 Laboratory evaluation showed elevated inf-
lammatory markers (CRP 176 mg/L; ESR 58 mm/h), 
with normal renal function, electrolytes, and LDH. 
Complete blood count was unremarkable (hemoglo-
bin 12.7 g/dL, white blood cell count 9.97 × 10⁹/L, 
platelet count 237 × 10⁹/L, normal smear). Coagula-
tion studies were normal (PT 13.8 s, INR 1.0, aPTT 
22.8 s) except for a markedly elevated D-dimer (7.79 
mg/L; reference <0.55 mg/L).
	 Doppler ultrasonography showed acute, to-
tally occlusive DVT extending from the left external 
iliac vein through the common femoral, superficial 
femoral, popliteal, and proximal deep crural veins, 
without recanalization; the right lower extremity was 
normal. Subcutaneous enoxaparin (1 mg/kg every 12 
hours) and compression stockings were initiated.
	 Given the extensive iliofemoral thrombosis 
without an obvious provoking factor, thrombophi-
lia testing revealed a homozygous Factor V Leiden 
mutation and heterozygous MTHFR A1298C/C677T 
variants, with markedly elevated homocysteine (39.9 
µmol/L; reference 4.7–10.3 µmol/L), low-normal vi-
tamin B12 (361 ng/L), and unmeasured folate. Lu-
pus anticoagulant, anticardiolipin, and anti-β2 gly-
coprotein I antibodies were negative. Lipoprotein(a), 
antithrombin, and protein S were normal; protein C 
antigen and activity were decreased (26% and 35%). 
Family testing showed low protein C activity in the 
mother and sister, and repeat testing in our patient th-
ree months later remained slightly reduced (39.8%; 
reference 63.8–150%), supporting a true deficiency 
rather than acute consumption.
	 Given suspicion of May–Thurner syndrome, 
CT angiography demonstrated extrinsic compression 
of the left common iliac vein by the right common 
iliac artery, causing ~70% luminal narrowing with 
filling defects throughout the left iliofemoral system 
(Figure 2); cardiovascular surgery recommended an-
ticoagulation and follow-up without intervention.
	 By the second week, the patient showed cli-
nical improvement (reduced swelling and erythema, 
Figure 3); serial Doppler ultrasonography showed 
persistent thrombosis with early partial recanalizati-
on, and D-dimer declined progressively (2.72, 1.62, 
0.35 mg/L), paralleling this improvement.
	 Given the family history of celiac disease, 
tissue transglutaminase IgA was elevated, and upper 
gastrointestinal endoscopy confirmed celiac disease 
histopathologically; anticoagulation was continued.

Figure 1. Clinical photograph showing swelling and 
circumferential difference of the left lower extremity 
at presentation.
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	 The patient has been followed for 9 months 
(since December 2025), with clinical and Doppler as-
sessment monthly for the first 3 months then every 2 
months; follow-up is ongoing. At last assessment he 
had prominent varicose veins without pain; post-th-
rombotic syndrome is assessed clinically at each vi-
sit, alongside continued anticoagulation and reassess-
ment for intervention.
Discussion
	 May–Thurner syndrome (MTS) is uncommon 
in children but represents an important, underrecog-
nized cause of iliofemoral DVT, identified in 23.2% 
of non–catheter-related cases by Avila et al.2 and 
13.4% by Cohen et al.,3 suggesting substantial under-
lying venous compression in this population. Althou-
gh pediatric MTS predominantly affects adolescent 
females, our patient was male.1
	 Venous compression related to MTS should 
be considered a contributing factor in proximal 
left-sided DVT even when additional prothrombotic 
risk factors are present; in the cohort by Cohen et al.,3 
only three patients had no identifiable prothrombotic 
factor at diagnosis, and a systematic review identi-
fied oral contraceptive use, antiphospholipid synd-
rome, protein S deficiency, and heterozygous FVL 

Figure 2. Computed tomography angiography 
showing extrinsic compression of the left common 
iliac vein by the right common iliac artery (black 
arrow), with filling defects consistent with acute th-
rombus in the left iliofemoral venous system (A–C, 
sequential axial levels).

Figure 3. At the second week of follow-up showing 
marked reduction in swelling and erythema of the left 
lower extremity.



as associated conditions.2 Our patient, with no pro-
voking factor such as central venous catheterization, 
had homozygous FVL, reduced protein C antigen and 
activity, and celiac disease, all of which may have 
contributed to early-onset thrombosis in the setting of 
underlying venous compression.
	 The markedly elevated CRP (176 mg/L) and 
ESR (58 mm/h) are unlikely to be fully explained by 
minor trauma alone. Extensive acute venous thrombo-
sis can itself elicit a substantial inflammatory respon-
se through thromboinflammation and immunothrom-
bosis,4,5 in which activated platelets, neutrophils, and 
the coagulation cascade amplify inflammation; no 
infectious source was identified, supporting throm-
boinflammation as the most plausible explanation.
	 Homozygous FVL confers resistance to acti-
vated protein C through a structural alteration of fac-
tor V and does not itself reduce protein C production. 
The persistently reduced protein C activity in our pa-
tient on repeat testing, together with reduced activity 
in his mother and sister, is therefore more consistent 
with a distinct, co-inherited (probably heterozygous) 
protein C deficiency than a phenotypic feature of 
FVL; PROC sequencing was not performed and is 
noted as a limitation.
	 The patient’s markedly elevated homocys-
teine (39.9 µmol/L), in the context of heterozygous 
MTHFR A1298C/C677T variants, supports a hyper-
homocysteinemia-mediated prothrombotic mecha-
nism rather than an incidental finding.6 Untreated 
celiac disease may have further contributed via ch-
ronic intestinal inflammation and malabsorption, pre-
disposing to B12/folate deficiency (folate not mea-
sured) and exacerbating hyperhomocysteinemia, and 
via systemic inflammation, which can downregulate 
natural anticoagulant pathways and upregulate tissue 
factor expression.7 Specifically, interleukin-6 incre-
ases tissue factor expression, interleukin-1 and TN-
F-α impair thrombomodulin function, and elevated 
plasminogen activator inhibitor-1 reduces fibrinoly-
sis and protein C activity, offering a complementary 
explanation for the reduced protein C activity obser-
ved in our patient, alongside the familial deficiency 
discussed above.7
	 MTS was diagnosed during the second week 
of treatment, underscoring the importance of timely 
imaging in children with left-sided lower-extremity 
DVT, as Doppler ultrasonography or standard CT 
may be insufficient to confirm MTS.3 Intravascular 
ultrasonography offers diagnostic advantages for su-
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btle iliac vein pathology8 but is limited by its invasive 
nature in pediatric use; conventional venography, MR 
venography/angiography, or CT venography, as per-
formed in our patient, may therefore be used instead.9
	 No standardized recommendations exist for 
pediatric MTS management. In published series,8 
most patients underwent pharmacomechanical or cat-
heter-directed thrombolysis, partially conflicting with 
pediatric guidelines that generally reserve thromboly-
sis for limb- or life-threatening thrombosis,10 though 
the ASH panel noted this recommendation’s evidence 
certainty is very low, with thrombus extent and clini-
cal impact as key determinants; current guidelines do 
not specifically address MTS.10

	 Randomized adult trials show catheter-direc-
ted thrombolysis reduces post-thrombotic syndrome 
(PTS) from 55% to 37% versus anticoagulation alo-
ne,11 and pediatric studies, though not MTS-specific, 
similarly suggest endovascular thrombolysis is safe 
and may reduce PTS risk,12-13 though risk factors for 
pediatric PTS remain poorly defined beyond recur-
rent thrombosis.2
	 In conclusion, May–Thurner syndrome 
should be considered in pediatric patients with exten-
sive left-sided iliofemoral DVT, whether provoked 
or unprovoked. This case illustrates that pediatric 
venous thrombosis may be multifactorial, resulting 
from the coexistence of anatomic venous compressi-
on, inherited thrombophilia, and inflammatory proth-
rombotic conditions. Comprehensive evaluation sup-
ported by appropriate advanced imaging is essential 
to avoid missed diagnoses and guide individualized 
management, and further prospective studies are nee-
ded to establish evidence-based recommendations.
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