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Abstract

Background: Hyperemesis gravidarum (HG) is a clinical condition characterized by systemic inflammation and maternal malnutrition.
However, the role of a composite index integrating both inflammatory and nutritional parameters for identifying the degree of metabolic
stress, as reflected by ketonuria severity, has not been investigated. This study aimed to evaluate the association between the Naples
Prognostic Score (NPS), a composite index on inflammatory and nutritional biomarkers, and ketonuria severity in patients with HG.
Methods: This retrospective cross-sectional study included 241 pregnant women hospitalized with a diagnosis of HG between October
2022 and October 2025. Patients were stratified into mild-to-moderate (n = 134) and severe (n = 107) ketonuria groups based on urine
ketone levels. The NPS was calculated using the neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), serum
albumin, and total cholesterol levels. Group comparisons, correlation analyses, receiver operating characteristic (ROC) curve analysis,
and multivariable logistic regression analyses were performed. Results: Age, body mass index (BMI), and obstetric history were compa-
rable between groups. Neutrophil count, NLR, and NPS were significantly higher in the severe ketonuria group. In contrast, lymphocyte
count, LMR, serum albumin, and total cholesterol were significantly lower, reflecting a greater inflammatory and nutritional burden in
patients in the severe ketonuria group. Among all variables tested, NPS demonstrated the strongest correlation with ketonuria severity
(r = 0.845; p < 0.001). ROC curve analysis revealed that NPS had excellent discriminatory performance in identifying severe ketonuria
(area under the ROC curve [AUC] = 0.939; sensitivity 90.65%, and specificity 93.28% at a cutoff value ≥3). In the multivariable lo-
gistic regression analysis, an NPS ≥3 (odds ratio [OR] = 110.261; 95% confidence interval [CI]: 42.724–284.560; p < 0.001) and total
cholesterol level (OR = 0.981; p = 0.037) were independently associated with severe ketonuria. The wide CI reflects model instability
and shared variance between the NPS and its components; therefore, the point estimate should not be interpreted as a stable measure
of effect size. Conclusions: At admission, NPS demonstrated a strong cross-sectional association with the severity of ketonuria and
excellent discriminatory performance for identifying severe ketonuria. However, because both measures were obtained simultaneously,
these findings should be interpreted as reflecting a concurrent association rather than true prospective prediction.
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1. Introduction

Hyperemesis gravidarum (HG) refers to the severe
form of nausea and vomiting during pregnancy. It is charac-
terized by intractable nausea and vomiting leading to dehy-
dration, electrolyte disturbances, and weight loss exceeding
5% of pre-pregnancy body weight. Ketonuria is a frequent
biochemical finding but is best understood as a marker of
starvation-induced ketogenesis rather than a defining di-
agnostic feature [1,2]. HG affects approximately 0.3% to
3.6% of pregnancies. It is the most common cause of hos-
pitalization in the first trimester and among the leading in-
dications for antenatal hospitalization overall [3,4]. Diag-
nosis is typically made by exclusion. Gastrointestinal, en-
docrine, and infectious conditions that may present with a
similar clinical picture should be systematically evaluated
and excluded [2,4]. The need for intravenous hydration and
close biochemical monitoring due to impaired oral intake
imposes a significant healthcare burden and cost [4,5]. Ma-
ternal malnutrition and vitamin deficiencies can predispose

to serious complications. HG may also be associated with
adverse perinatal outcomes, including low birth weight and
preterm birth [6]. Therefore, HG should not be addressed
solely at the symptomatic level but should instead be con-
sidered a biological process whose underlying mechanisms
require clarification [4,7].

The pathophysiology of HG cannot be explained
solely by hormonal signals. Increased oxidative stress and
accompanying subclinical inflammation may contribute to
the clinical phenotype through depletion of antioxidant re-
serves and disruption of redox homeostasis. This response
may sustain disease persistence and inform potential ther-
apeutic targets [8,9]. Hemogram-derived parameters may
help quantify this burden. Meta-analyses and case-control
studies have reported that neutrophil-to-lymphocyte ratio
(NLR) is higher in affected patients than in healthy preg-
nant women, and in some series; however, lymphocyte-
to-monocyte ratio (LMR) is lower. This pattern has been
interpreted as consistent with increased neutrophil activa-
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tion and relative lymphocyte depletion, but its relationship
with disease severity is inconsistent across studies [10,11].
Prolonged fasting and recurrent vomiting lead to deple-
tion of maternal stores. In hospitalized cases, malnutri-
tion, low prealbumin levels, and deterioration in albumin-
based inflammatory nutritional indices have been reported
[12,13,14]. Reductions in total cholesterol and lipoprotein
fractions suggest suppression of lipid metabolism. These
findings support that HG may be better understood as an
immunonutritional disorder, with implications for patient
monitoring and risk classification [14,15].

In clinical practice, HG severity is primarily moni-
tored using scales such as the Pregnancy-Unique Quan-
tification of Emesis and Nausea (PUQE). However, these
tools rely on patient-reported subjective symptom assess-
ment and do not directly reflect biochemical or immunolog-
ical burden [16]. Ketonuria is a routinely available admis-
sion biomarker; however, it primarily reflects starvation-
induced ketogenesis rather than dehydration, and contem-
porary evidence indicates no consistent relationship be-
tween admission ketonuria and validated symptom severity,
weight loss, or readmission risk [17]. As such, ketonuria
should be considered a marker of acute metabolic stress at
presentation rather than a surrogate for overall HG sever-
ity. Reliance on a single parameter, such as NLR alone or
albumin alone, oversimplifies the interaction between in-
flammation and malnutrition. No single marker therefore
adequately captures the full clinical burden of HG [18].
The Naples Prognostic Score (NPS), developed by Galizia
and colleagues [19] for colorectal cancer, was designed to
address this need. It integrates NLR, LMR, serum albu-
min, and total cholesterol [19]. The simultaneous capture
of inflammatory and nutritional domains by NPS has been
associated with survival outcomes across multiple malig-
nancy cohorts and with the prediction of adverse outcomes
in coronary artery disease [20,21].

In HG, inflammation and malnutrition often coexist in
most patients. Low serum albumin and total cholesterol lev-
els, along with biomarkers associated with oxidative stress,
are considered findings supportive of this dual burden [22].
However, the applicability of the NPS in HG, which com-
bines immune activation via NLR and LMRwith nutritional
status via serum albumin and total cholesterol within the
same framework, has not yet been established [19]. This
study aimed to investigate the association between NPS and
ketonuria severity, as well as to evaluate its discriminatory
performance in predicting severe HG, with the goal of pro-
viding a practical and objective triage tool for clinical use.

2. Materials and Methods
2.1 Study Design

This retrospective cross-sectional study was con-
ducted at the Department of Obstetrics and Gynecology,
Karamanoğlu Mehmetbey University Education and Re-
search Hospital. The study covered a three-year period

from October 2022 to October 2025. The study protocol
was designed in accordance with the principles of the Dec-
laration of Helsinki.

2.2 Study Population

HGwas defined, in accordance with current American
College of Obstetricians and Gynecologists (ACOG) guid-
ance [6], as persistent nausea and vomiting beginning in the
first trimester (≤14weeks of gestation) accompanied by at
least two of the following: documented loss of≥5% of pre-
pregnancy body weight, dehydration requiring intravenous
fluid replacement, ketonuria of ≥+1 on urine dipstick, and
electrolyte disturbances, in the absence of an alternative
cause. Pregnant women hospitalized with a diagnosis of
HG due to persistent nausea and vomiting, impaired oral in-
take, and dehydration symptoms between the 7th and 14th
weeks of pregnancy within the specified date range were
included in the study. Inclusion criteria were defined as
follows: positive urinary ketones (+1 or higher) on urinal-
ysis, availability of complete blood count and biochemistry
(serum albumin, total cholesterol) results obtained prior to
treatment at the time of admission, and spontaneous sin-
gleton pregnancy. Cases with other gastrointestinal or sys-
temic conditions that could cause ketonuria or nausea and
vomiting (including diabetic ketoacidosis, gastroenteritis,
appendicitis, pancreatitis, and urinary tract infection), mul-
tiple and molar pregnancies, known chronic systemic dis-
eases (including chronic hypertension, diabetes mellitus,
and renal or hepatic insufficiency), a history of autoim-
mune disease or malignancy, and evidence of active infec-
tion findings were excluded from the study. During the
study period, 254 pregnant women were admitted to our
institution for first-trimester nausea and vomiting; 241 of
these met all inclusion criteria for HG and formed the ana-
lytic cohort. Aggregate institutional denominators for total
pregnancies registered during the study period could not be
reliably retrieved from the legacy electronic record system,
which is acknowledged as a limitation.

2.3 Data Collection and Grouping

Patient data were retrospectively retrieved from the
hospital electronic information management system. De-
mographic variables (age, gravida, parity, history of abor-
tion, body mass index [BMI]), obstetric history, and labora-
tory parameters at admission (neutrophil, lymphocyte, and
monocyte counts; serum albumin; and total cholesterol lev-
els) were recorded. All data were anonymized prior to anal-
ysis. Patients with incomplete admission laboratory data
(complete blood count, serum albumin, or total cholesterol)
or missing urine ketone results were excluded at the inclu-
sion stage. The final analytic dataset (n = 241) contained
complete data for all study variables, and no imputation was
required.

Patients were stratified into two groups based on urine
ketone levels at presentation: mild-to-moderate ketonuria

2

https://www.imrpress.com


(+ or ++) and severe ketonuria (+++ or ++++). At our in-
stitution, these levels are interpreted as indicating a higher
metabolic burden and typically require more aggressive
fluid and nutritional support. Earlier HG studies have used
similar cutoffs when ketonuria has been treated as a severity
marker. Urine dipstick testing is not precise. However, it
reflects routine clinical practice and the information avail-
able at the time of admission.

Although composite severity measures such as the
PUQE score, percentage of weight loss, electrolyte dis-
turbances, length of hospital stay, and need for parenteral
nutrition would offer a more multidimensional construct
of severity, these variables were not consistently and sys-
tematically documented in the electronic medical records
during the study period. Urine ketonuria was therefore
selected as the most uniformly available, time-anchored,
semi-quantitative biochemical indicator at admission, rec-
ognizing that it reflects acute metabolic stress rather than
overall HG severity.

2.4 Calculation of the NPS
The NPS was calculated according to the original

method defined by Galizia et al. [19]. The score comprises
four components: NLR, LMR, serum albumin, and total
cholesterol levels. One point was assigned for each param-
eter exceeding its specified threshold value: NLR >2.96,
LMR <4.44, albumin <4.0 g/dL, and total cholesterol <180
mg/dL. The total score ranges from 0 to 4.

2.5 Statistical Analyses
A formal a priori sample size calculation was not per-

formed due to the retrospective nature of the study; all eli-
gible cases within the predefined three-year period were in-
cluded to maximize statistical efficiency. With 107 severe
ketonuria events and 2 predictors retained in the primary
multivariable model (NPS≥3 and total cholesterol; events-
per-variable ratio = 53.5), and 6 predictors in the secondary
clinically adjusted model (events-per-variable ratio = 17.8),
both models exceeded the conventional minimum threshold
of 10 events per variable required to limit overfitting.

Statistical analyses were conducted using IBM SPSS
Statistics for Windows, Version 27 (IBM Corp., Armonk,
NY, USA). Two-tailed p-values of less than 0.05 (p < 0.05)
were considered statistically significant. The normal dis-
tribution assumption was assessed using histograms and
quantile-quantile (Q-Q) plots. Descriptive statistics were
presented using mean ± standard deviation (SD) for nor-
mally distributed continuous variables, median (minimum
– maximum) for non-normally distributed continuous vari-
ables, and frequency (percentage) for categorical variables.
Continuous variables were analyzed using Student’s t-test
or Mann-Whitney U test depending on the normality of dis-
tribution. Categorical variables were analyzed using the
chi-square test, Fisher’s exact test, or the Fisher-Freeman-
Halton test, as appropriate. Spearman correlation coeffi-

cients were calculated to evaluate associations between ke-
tonuria level and other continuous variables. Performance
of the NPS in predicting severe ketonuria was evaluated us-
ing receiver operating characteristic (ROC) curve analysis.
The optimal cutoff point was determined using Youden’s
index. Multivariable logistic regression analysis (forward
conditional selection method) was performed to determine
significant factors independently associated with severe ke-
tonuria. Statistically significant variables identified in the
univariable analysis results were included in the multivari-
able logistic regression model. In addition, a separate mul-
tivariable logistic regression analysis was performed to as-
sess the associations between total cholesterol, NPS, and
severe ketonuria after adjustment for clinically relevant co-
variates by including all variables simultaneously. Variance
inflation factors (VIFs) were calculated to assess potential
multicollinearity in both regression models.

Variables included in themultivariablemodel were not
selected solely on the basis of univariable significance. Co-
variates were prespecified based on a priori clinical rel-
evance to the inflammatory–nutritional axis of HG (ges-
tational week, neutrophil count, lymphocyte count, NLR,
LMR, serum albumin, total cholesterol, and NPS ≥3). For-
ward conditional entry was used as the variable retention
method within this prespecified covariate pool, balanc-
ing the limited number of events with the need to control
for confounding. Given the exploratory and hypothesis-
generating nature of this study, no formal correction for
multiple comparisons was applied. Reported p-values
for univariable group comparisons and correlations should
therefore be interpreted as exploratory rather than confir-
matory, and the strongest signals (NPS, serum albumin, to-
tal cholesterol) should be considered candidate associations
requiring prospective validation.

3. Results
A total of 241 pregnant women with ketonuria were

included in the study; mild-to-moderate ketonuria was de-
tected in 134 (55.6%), and severe ketonuria was detected
in 107 (44.4%). There were no significant differences be-
tween the two groups in basic demographic characteristics,
obstetric history, or baseline clinical characteristics (Table
1).

Inflammatory and nutritional parameters showed
marked differences between the groups. Neutrophil count
and NLR values were higher in the severe ketonuria group,
whereas lymphocyte count, LMR, serum albumin, and total
cholesterol levels were significantly lower compared with
the mild-to-moderate group. Furthermore, NPS was sig-
nificantly higher in the severe ketonuria group (p < 0.001)
(Table 1).

In the correlation analysis, NPS showed the strongest
correlation with ketonuria level among all variables exam-
ined (p < 0.001). NLR, neutrophil count, and gestational
week showed a positive correlation, whereas total choles-
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Table 1. Summary of variables according to ketonuria severity.
Variables Total (n = 241) Mild-to-moderate (n = 134) Severe (n = 107) p-value

Age, years 28.05 ± 4.40 28.50 ± 4.22 27.50 ± 4.58 0.078†

BMI, kg/m2 25.73 ± 2.94 26.01 ± 2.97 25.37 ± 2.88 0.093†

Gestational week 9.86 ± 2.07 9.63 ± 2.00 10.15 ± 2.13 0.054†

Comorbidity 0 (0.00%) 0 (0.00%) 0 (0.00%) N/A
Gravidity 2 (1–6) 2 (1–6) 2 (1–5) 0.261‡

Parity 0 (0–3) 0.5 (0–3) 0 (0–3) 0.220‡

Abortion 0 (0–3) 0 (0–3) 0 (0–2) 0.669‡

Living children 0 (0–3) 0.5 (0–3) 0 (0–3) 0.180‡

History of intrauterine fetal demise 1 (0.41%) 1 (0.75%) 0 (0.00%) 1.000#

History of ectopic pregnancy 1 (0.41%) 1 (0.75%) 0 (0.00%) 1.000#

Cesarean history 47 (19.50%) 25 (18.66%) 22 (20.56%) 0.836§

Neutrophil, ×103 7.14 ± 2.37 6.73 ± 2.24 7.65 ± 2.43 0.002†

Lymphocyte, ×103 1.71 ± 0.66 1.85 ± 0.65 1.54 ± 0.64 <0.001†

Monocyte, ×103 0.43 ± 0.18 0.41 ± 0.15 0.46 ± 0.21 0.089†

NLR 3.88 (1.06–78.00) 3.59 (1.06–55.00) 4.68 (1.47–78.00) <0.001‡

LMR 4.38 ± 1.99 4.91 ± 2.14 3.71 ± 1.54 <0.001†

Albumin (g/dL) 4.04 ± 0.35 4.15 ± 0.31 3.92 ± 0.35 <0.001†

Total cholesterol 178.39 ± 26.78 187.60 ± 27.45 166.86 ± 20.90 <0.001†

NPS 2 (0–4) 2 (0–4) 3 (1–4) <0.001‡

0 6 (2.49%) 6 (4.48%) 0 (0.00%)

<0.001¶
1 47 (19.50%) 46 (34.33%) 1 (0.93%)
2 82 (34.02%) 73 (54.48%) 9 (8.41%)
3 77 (31.95%) 8 (5.97%) 69 (64.49%)
4 29 (12.03%) 1 (0.75%) 28 (26.17%)

Descriptive statistics are presented using mean ± standard deviation (SD) for normally distributed continuous variables,
median (minimum–maximum) for non-normally distributed continuous variables, and frequency (percentage) for categorical
variables.
† Student’s t-test, ‡ Mann-Whitney U test, § Chi-square test, # Fisher’s exact test, ¶ Fisher-Freeman-Halton test. N/A, not
applicable. Statistically significant p-values are shown in bold.
BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; NPS, Naples Prognostic
Score.

terol, LMR, serum albumin, and lymphocyte count showed
a negative correlation (p < 0.001). No significant corre-
lation was observed between ketonuria level and demo-
graphic or obstetric variables (Table 2).

ROC curve analysis demonstrated that NPS exhibits
excellent discriminatory power in predicting severe ke-
tonuria and achieves high sensitivity, specificity, and over-
all accuracy at an optimal cutoff value ≥3 (Fig. 1, Table
3).

According to multivariable logistic regression anal-
ysis, low total cholesterol (odds ratio [OR]: 0.981, 95%
confidence interval [CI]: 0.964–0.999, p = 0.037, VIF =
1.526) and high (≥3)NPS (OR: 110.261, 95% CI: 42.724–
284.560, p < 0.001, VIF = 2.800) were independently as-
sociated with severe ketonuria. Other variables included
in the analysis, such as gestational week (p = 0.503, VIF
= 1.138), neutrophil count (p = 0.896, VIF = 1.514), lym-
phocyte count (p = 0.327, VIF = 2.105), NLR (p = 0.607,
VIF = 1.703), LMR (p = 0.830, VIF = 2.056), and serum
albumin (p = 0.756, VIF = 1.498) were nonsignificant. The

highest VIF was 2.800 (for NPS), indicating no evidence of
multicollinearity in the model (Table 4).

In addition, an additional multivariable logistic regres-
sion model was constructed to evaluate the associations be-
tween total cholesterol, NPS, and severe ketonuria after
adjustment for clinically relevant covariates. High (≥3)
NPS (OR: 125.160, 95% CI: 44.716–350.325, p < 0.001,
VIF = 1.283) remained independently associated with se-
vere ketonuria, whereas total cholesterol (OR: 0.982, 95%
CI: 0.964–1.000, p = 0.052, VIF = 1.218) was not statisti-
cally significant after adjustment for age (p = 0.320, VIF
= 1.208), BMI (p = 0.900, VIF = 1.025), gestational week
(p = 0.533, VIF = 1.073) and gravidity (p = 0.661, VIF =
1.246). The highest VIF was 1.283 (for NPS), indicating no
evidence of multicollinearity in the model (Table 5).

4. Discussion
In this study, 241 pregnant women hospitalized with

HGwere classified as havingmild-to-moderate ketonuria (n
= 134) or severe ketonuria (n = 107) based on urine ketone
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Fig. 1. ROC curve of the NPS for predicting severe ketonuria. ROC, receiver operating characteristic; AUC, area under the ROC
curve; CI, confidence interval.

Table 2. Correlations between variables and ketonuria levels.
Variables r p-value

Age –0.077 0.235
BMI, kg/m2 –0.092 0.154
Gestational week 0.163 0.011
Gravidity –0.067 0.297
Parity –0.059 0.363
Abortion –0.052 0.420
Living children –0.071 0.276
Neutrophil, ×103 0.233 <0.001
Lymphocyte, ×103 –0.290 <0.001
Monocyte, ×103 0.095 0.140
NLR 0.385 <0.001
LMR –0.390 <0.001
Albumin –0.375 <0.001
Total cholesterol –0.396 <0.001
NPS 0.845 <0.001
r: Spearman correlation coefficient. Statisti-
cally significant p-values are shown in bold.

levels. No significant differences were observed between
the groups in age, BMI, and basic obstetric characteristics.

Table 3. Performance of NPS in predicting severe ketonuria:
ROC curve analysis.

Cutoff ≥3
Sensitivity 90.65%
Specificity 93.28%
Accuracy 92.12%
PPV 91.51%
NPV 92.59%
AUC (95% CI) 0.939 (0.907–0.971)
p-value <0.001
PPV, positive predictive value; NPV, nega-
tive predictive value.

Inflammatory activity was more pronounced in the severe
ketonuria group, with higher neutrophil counts, NLR, and
NPS. Nutritional impairment was also more pronounced in
this group, with lower lymphocyte counts, LMR, serum al-
bumin, and total cholesterol levels. In the correlation anal-
ysis, the strongest association between ketonuria level and
the variables examined was observed for NPS (r = 0.845;
p < 0.001). In ROC analysis, NPS demonstrated excellent
discriminatory performance (area under ROC curve [AUC]
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Table 4. Significant factors independently associated with severe ketonuria: multivariable logistic regression analysis.
β-coefficient Standard error p-value Exp(β) 95% CI for Exp(β)

Total cholesterol –0.019 0.009 0.037 0.981 0.964 0.999
NPS, ≥3 4.703 0.484 <0.001 110.261 42.724 284.560
Constant 0.932 1.634 0.568 2.541
Nagelkerke R2 = 0.761. Statistically significant p-values are shown in bold.

Table 5. Associations between total cholesterol, NPS, and severe ketonuria after adjustment for clinically relevant covariates:
multivariable logistic regression analysis.

Variables β-coefficient Standard error p-value Exp(β) 95% CI for Exp(β)

Age –0.062 0.062 0.320 0.940 0.833 1.062
BMI, kg/m2 –0.010 0.083 0.900 0.990 0.841 1.164
Gestational week –0.077 0.124 0.533 0.926 0.727 1.180
Gravidity 0.115 0.262 0.661 1.122 0.672 1.873
Total cholesterol –0.018 0.009 0.052 0.982 0.964 1.000
NPS, ≥3 4.830 0.525 <0.001 125.160 44.716 350.325
Constant 3.229 3.096 0.297 25.253
Nagelkerke R2 = 0.764. Statistically significant p-values are shown in bold.

= 0.939; 95% CI: 0.907–0.971), and at a cutoff value of
3, sensitivity was 90.65% and specificity was 93.28%. The
medianNPSwas 3 (1–4) in the severe ketonuria group and 2
(0–4) in the mild-to-moderate ketonuria group. Overall ac-
curacy was 92.12%, and the positive predictive value (PPV)
was 91.51%. In multivariable logistic regression analysis,
an NPS ≥3 emerged as the strongest independent predic-
tor of severe ketonuria (OR = 110.261; 95% CI: 42.724–
284.560; p < 0.001). This study is the first to evaluate NPS
in the context of HG. It should be acknowledged that ke-
tonuria, as assessed by urine dipstick, is not a validated sur-
rogate for overall HG severity. Koot et al. [17] reported
no significant association between ketonuria levels at pre-
sentation and symptom severity scores, weight loss, or re-
hospitalization rates. In the present study, ketonuria was
therefore not used as a proxy for clinical severity per se but
rather as an objective, routinely available indicator of acute
metabolic and nutritional stress at the time of admission.

NPS may add value beyond a simple urine ketone dip-
stick, as ketonuria reports a single downstream biochemical
consequence of fasting, whereas NPS integrates upstream
inflammatory burden (NLR, LMR) with nutritional reserve
status (albumin, total cholesterol) that together contribute
to the clinical course of HG. The two measures are concep-
tually complementary rather than competitive: ketonuria
reflects the immediate metabolic state, whereas NPS cap-
tures the underlying inflammatory and nutritional substrate
from which it arises. Whether NPS provides incremental
triage value beyond PUQE score, ketonuria, andweight loss
cannot be determined by the present cross-sectional design
and remains the central rationale for prospective validation
studies.

Oxidative stress and systemic inflammation are recog-
nized features of HG. Tumor necrosis factor alpha (TNF-
α) levels have been reported to rise with disease severity.

This may partly explain why hematological markers shift
more markedly in severe cases [23,24]. In our data, neu-
trophil counts and NLR were higher in the severe group,
whereas lymphocyte counts and LMR showed the opposite
trend. In the correlation analysis, NLR showed a positive
correlation with ketonuria severity, whereas LMR showed
a negative correlation, suggesting that ketonuria may par-
allel inflammatory activity. The literature reports that NLR
is elevated in HG compared with control pregnancies, may
increase with clinical severity, and may reflect a higher in-
flammatory burden when combined with high-sensitivity
C-reactive protein [25,26]. Some studies have also reported
that specific NLR threshold values may be associated with
the presence of HG or more severe clinical presentations
[27]. However, pregnancy is a dynamic state of adaptation
characterized by neutrophil mobilization and functional re-
distribution of lymphocytes in the peripheral immune sys-
tem [28,29]. The fact that a wide physiological reference
range for NLR has been defined according to trimesters
suggests that a single cutoff value may not achieve compa-
rable specificity across all pregnant women [30]. Clinical
variables such as dehydration and hemoconcentration, con-
comitant infections, and sampling timing can affect both ab-
solute cell counts and ratio-based indices. Indeed, although
NLR and platelet-to-lymphocyte ratio have been reported
as elevated in HG in emergency department cohorts, they
did not correlate with severity scores, and some prospective
series found no between-group differences in NLR and re-
ported no association between ketonuria and inflammatory
indices [31,32,33]. These inconsistencies suggest that indi-
vidual inflammatory markers may reflect disease burden,
but are insufficient for reliable clinical decision-making
when used in isolation. Composite scores combining in-
flammatory and nutritional parameters may therefore offer
more consistent clinical information in this setting [34,35].
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Prolonged vomiting and a marked decrease in oral
intake in HG increase the risk of maternal malnutrition
through negative energy balance and weight loss [18,36].
Therefore, with increasing severity of ketonuria, a more
pronounced decrease in albumin and total cholesterol lev-
els is expected, reflecting amore pronounced catabolic state
with increased use of protein and lipid stores. In our study,
both parameters were significantly lower in the severe ke-
tonuria group and showed a moderate negative correlation
with ketonuria levels. Total cholesterol remained an inde-
pendent predictor in the multivariable model. The litera-
ture reports that total cholesterol and low-density lipopro-
tein (LDL) cholesterol, as well as apolipoprotein A (apo A)
and apo B levels, are reduced in hyperemetic pregnancies
compared with healthy pregnancies, and that the lipid pro-
file can undergo significant alterations in HG [15,37]. A
recent prospective study also showed that serum albumin
was lower in the HG group and that several hematological
indices changed with disease severity [14]. Total choles-
terol does not solely reflect energy reserves biologically.
Circulating LDL cholesterol is considered the primary sub-
strate for placental progesterone synthesis [38,39]. There-
fore, significant hypocholesterolemia, especially in early
pregnancy, may be associated with processes such as hor-
mone biosynthesis and fetal growth. Cohort studies have
reported an association between low maternal total choles-
terol and preterm birth as well as lower birth weight [40,41].
On the other hand, serum albumin shows a physiological
decrease during pregnancy depending on gestational age,
and may also decrease in the presence of inflammation due
to being a negative acute phase protein. Therefore, its in-
terpretation as a standalone marker of malnutrition is lim-
ited [42,43]. Although total cholesterol was independently
associated with severe ketonuria in our data, this finding
should be interpreted with caution and does not establish
causality. Overall, these findings support an integrated as-
sessment of inflammatory and nutritional together rather
than evaluating them separately.

Since the NPS is a composite score that integrates in-
flammation and malnutrition within the same framework, it
is expected to provide stronger predictive performance than
individual markers by capturing both pathophysiological
dimensions of HG. The NPS integrates serum albumin and
total cholesterol with NLR and LMR, thereby covering both
nutritional reserves and systemic inflammatory response
within a single score [20]. In our study, NPS correlated
strongly with ketonuria severity (r = 0.845) and showed ex-
cellent discriminatory performance in ROC analysis (AUC
= 0.939). In the multivariable model, an NPS ≥3 was the
strongest independent predictor of severe ketonuria (OR =
110.261), and the overall explanatory power of the model
was high (Nagelkerke R2 = 0.761). The prognostic value of
NPS in settings where inflammation and malnutrition co-
exist has been demonstrated across multiple clinical con-
texts [44]. In colorectal cancer, the NPS outperformed the

NLR, LMR, Prognostic Nutritional Index, and Controlling
Nutritional Status in predicting overall survival, and similar
findings have been reported in gastric and metastatic pan-
creatic cancer [45,46]. Data also indicate that the NPS may
be an independent predictor of long-term mortality in heart
failure [47]. Recent meta-analyses in gastrointestinal can-
cers further show that high NPS is consistently associated
with poorer survival [48]. However, the NPS has not yet
been validated in pregnancy populations, and a significant
proportion of the thresholds used are derived from oncol-
ogy cohorts. Pregnancy-specific hemodilution and leuko-
cyte dynamics may require different cutoff values. Clini-
cally, the fact that the NPS can be rapidly and inexpensively
calculated from routine hemogram and biochemistry results
suggests that it could be a practical tool for early triage of
high-risk HG cases and for planning more aggressive hy-
dration and early nutritional support in resource-limited set-
tings.

The OR of 110.261 observed for NPS ≥3 in the mul-
tivariable model warrants methodological consideration.
Such a high point estimate typically raises concerns about
overfitting or multicollinearity, particularly when a com-
posite score and its constituent variables are included simul-
taneously into the same regression model. In the present
analysis, NPS components (NLR, LMR, albumin, and total
cholesterol) were included alongside the NPS itself in the
univariable screening step; however, in the final multivari-
able model, only NPS ≥3 and total cholesterol emerged as
independent predictors, whereas the individual components
did not reach statistical significance. This pattern is con-
sistent with NPS reflecting the shared variance of its con-
stituents, which may have inflated the point estimate while
rendering the individual components redundant. The wide
CI (42.724–284.560), despite statistical significance, re-
flects this instability and should be interpreted with caution.
The high Nagelkerke R2 (0.761) further suggests that the
model explains a substantial proportion of variance. How-
ever, internal validation through bootstrapping was not per-
formed, which is an acknowledged limitation. Future stud-
ies should model NPS as a continuous variable and employ
resampling-based validation to yield more stable effect size
estimates.

In the oncology literature, NPS has been defined as an
immunonutritional index used to stratify long-term survival
and treatment response [19]. The reported AUC for NPS
in predicting five-year overall survival in resectable gas-
tric cancer is 0.708 [49]. Following neoadjuvant therapy,
the AUC values for NPS in esophageal squamous cell car-
cinoma for overall survival and progression-free survival
were reported as 0.63 and 0.67, respectively [50]. In our
study, the AUC of 0.939 for discriminating ketonuria sever-
ity suggests that NPS may more accurately reflect acute
physiological stress load in a non-malignant clinical con-
text in which HG is considered a benign immunonutritional
crisis. In oncology, AUC values are influenced by the
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long-term and multifactorial nature of cancer outcomes. In
HG, by contrast, inflammatory and nutritional deteriora-
tion occur acutely and correlate more closely with imme-
diate severity markers such as ketonuria. These differences
likely explain the higher AUC observed in our study; how-
ever, direct comparisons across disease contexts should be
interpreted with caution. Pregnancy-specific cutoff values
should be prospectively validated and tested in external co-
horts, and such validation is essential for clinical triage, es-
pecially in emergency settings.

Limitations
This study has several limitations that should be con-

sidered. As a retrospective single-center study, it is vul-
nerable to selection bias, and the results may not be gen-
eralizable to other settings. In addition, the absence of a
healthy control group limited the analysis to within-group
comparisons among HG patients, and therefore, the abil-
ity of NPS to distinguish HG from normal pregnancy could
not be addressed. Urine dipstick for ketonuria is also
imperfect; it is semi-quantitative and may be unreliable
around clinically relevant threshold values. The absence of
more sensitive biochemical measures, such as serum beta-
hydroxybutyrate, should also be acknowledged as a limi-
tation. The fact that the cutoff values used for NPS were
largely derived from oncology cohorts further complicates
interpretation. The lack of established pregnancy-specific
threshold values, in the context of physiological hemodi-
lution and immune adaptation during pregnancy, adds an-
other layer of uncertainty to the interpretation of our find-
ings. The original Galizia thresholds were deliberately re-
tained to preserve comparability with the broader NPS liter-
ature, while acknowledging that pregnancy-specific recali-
bration is a necessary next step prior to clinical adoption.
Furthermore, clinical prognostic inference is limited be-
cause treatment response and pregnancy outcomes, such as
preterm birth and low birth weight, were not evaluated. An
important conceptual limitation should be acknowledged.
Since the NPS components (NLR, LMR, albumin, and to-
tal cholesterol) directly reflect inflammatory and nutritional
status, both of which deteriorate in parallel with ketonuria
severity, the strong association observed may partly reflect
this shared pathophysiological basis rather than true inde-
pendent predictive value. This does not negate the clini-
cal utility of NPS as a composite bedside marker; however,
prospective validation against more objective endpoints,
such as serum beta-hydroxybutyrate, is required before rou-
tine recommendation for triage in HG. Nevertheless, the ad-
equate sample size and consistently strong statistical signal
support the hypothesis-generating nature of these findings
and their potential to inform future validation studies.

5. Conclusions
In this retrospective cross-sectional study, NPS

demonstrated a strong cross-sectional association with ke-

tonuria severity and excellent discriminatory performance
for severe ketonuria in pregnant women hospitalized for
HG. By combining inflammatorymarkers (NLR, LMR) and
nutritional markers (serum albumin, total cholesterol) into
a single scale, NPS reliably distinguished severe frommild-
to-moderate ketonuria, and an NPS ≥3 was independently
associated with severe ketonuria. However, because the
comparator (ketonuria) is itself an imperfect surrogate for
overall HG severity, and because both NPS and ketonuria
represent concurrent markers of inflammatory–nutritional
stress measured at the same time point, the apparent dis-
criminatory performance partially reflects shared patho-
physiology and should not be interpreted as evidence of
prospective predictive validity. The present findings there-
fore establish biological coherence between NPS and acute
metabolic stress at admission but do not, by themselves,
justify the use of NPS as a standalone clinical triage tool.
Prospective, multicenter validation studies linking NPS to
validated clinical severity measures (PUQE score, weight
loss, electrolyte disturbances, and length of hospital stay)
and pregnancy outcomes, together with the determination
of pregnancy-specific threshold, are required before NPS
can be recommended for routine clinical use.
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