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Abstract

Background: Serum Alanine aminotransferase to High density lipoprotein cholesterol ratio (ALT-to-HDL-C ratio)
has been identified as a significant predictor of non-alcoholic fatty liver disease, a hepatic manifestation of metabolic
syndrome. This study investigated the association between serum aminotransferases to high-density lipoprotein chol-
esterol ratios and metabolic syndrome (MetS) among people living with HIV (PLWH) on Dolutegravir (DTG)-based
antiretroviral therapy (ART) in South Western Uganda.

Methods: We conducted a secondary analysis study from June 15, 2025 to August 20, 2025 using a dataset generated
from hospital-based cross-sectional study that investigated an association between aspartate aminotransferase to ala-
nine aminotransferase ratio and MetS among 377 PLWH who were on DTG-based ART at Ruhoko Health Centre IV,
South Western Uganda.

Results: The prevalence of MetS was 44.6%(168/377); 95% Cl: 39.6 - 49.6 and significantly increased from the lowest
to the highest ALT-to-HDL-C ratio tertiles (30.2% vs 47.7% vs 56.1%, p <0.001). In the adjusted model, higher ALT-
to-HDL-C ratio was significantly associated with MetS. Individuals in the second tertile had 2.35-fold higher odds (aOR
2.35, 95% Cl: 1.26—4.41, p=0.008), and those in the third tertile had over fourfold higher odds (aOR 4.65, 95% ClI:
2.25-9.61, p<0.001) of MetS compared to the lowest tertile. ALT-to-HDL-C ratio at an optimal cutoff of 0.33 had a
significant ability (AUC=0.820, 95%ClI: 0.782 - 0.861) to differentiate between participants with MetS from those with-
out MetS at a sensitivity of 92% and specificity of 54%.
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Conclusion: Higher ALT-to-HDL-C ratio is potentially associated with MetS. Since both ALT and HDL-C are routine
measurements in HIV Care, this warrants further studies on the potential of ALT-to-HDL-C ratio as a biomarker for
MetS.

Plain Language Summary

Simple Blood Test Ratio May Help Detect Metabolic Problems in People Living with HIV

Plain Language Summary: - Metabolic syndrome is a group of health problems that increase the risk of heart disease,
diabetes, and stroke. These include high blood pressure, high blood sugar, abnormal cholesterol levels, and excess body
fat around the waist. People living with HIV (PLWH), especially those taking dolutegravir-based HIV treatment, may
have a higher chance of developing these problems. This study examined the link between a simple blood test ratio;
alanine aminotransferase (ALT) to high-density lipoprotein cholesterol (HDL-C) and metabolic syndrome among adults
living with HIV in South-Western Uganda. ALT is a liver enzyme, and HDL-C is often called the “good cholesterol.”
Researchers analyzed health data of 377 people who had been on dolutegravir-based treatment for at least one year.
The findings showed that people with higher ALT-to-HDL-C ratios were more likely to have metabolic syndrome.
Those with the highest ratios had over four times greater odds of developing metabolic syndrome compared to those
with the lowest ratios. This means that the ALT-to-HDL-C ratio could serve as a simple and low-cost indicator for
identifying individuals at higher risk of developing metabolic complications, especially in places with limited testing
resources. Early identification of people at risk allows healthcare providers to recommend lifestyle changes or treat-
ments that can help prevent serious health complications. Since both ALT and HDL-C tests are commonly done in HIV

clinics, using this ratio could help improve care for people living with HIV.
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Introduction

Metabolic syndrome (MetS) is a cluster of interrelated car-
diometabolic abnormalities typically including central
obesity, elevated blood pressure, raised fasting glucose,
high triglycerides, and low high-density lipoprotein chol-
esterol,? that together confer greatly increased risk of car-
diovascular disease, stroke and type 2 diabetes.”™ In
people living with HIV (PLWH), chronic immune activa-
tion and some antiretroviral drugs further amplify these
risks.®

Globally the burden of MetS in PLWH is high with esti-
mates ranging broadly (11-48%) depending on the popu-
lation and criteria.” Meta-analyses in sub-Saharan Africa
(SSA) suggest roughly one in five PLWH are affected.®’
In East Africa, recent studies show MetS prevalence ran-
ging between 20% and 40%.>° These findings underscore
that MetS is a prevalent problem among PLWH in Uganda
and the region.

Early detection and management of MetS is critical
among PLWH. Dolutegravir (DTG)-based ART regimens
are increasingly reported to be associated with excessive
weight gain and a higher incidence and prevalence of
obesity, hypertension, dyslipidemia, hyperglycemia and
MetS.>%1 1% As an INSTI, DTG induces rapid viral
load suppression and a pronounced return-to-health effect
that may exaggerate weight gain by reducing resting

energy expenditure.®'” DTG use has also been linked to
decreased adiponectin levels, impairing glucose and lipid
metabolism and promoting insulin resistance. Furthermore,
DTG exhibits pro-adipogenic and pro-lipogenic effects,
induces oxidative stress and mitochondrial dysfunction, and
may disrupt melanocortin-4 receptor signaling, thereby
increasing appetite.®'® Its off-target chelation of magnesium
and manganese may further alter metabolic pathways, col-
lectively contributing to insulin resistance, weight gain, and
MetS. %1

Given this elevated metabolic risk profile, individuals
receiving DTG-based therapy represent a clinically
important subgroup in which early detection of MetS is
particularly critical. Mets is conventionally diagnosed by
measuring multiple parameters; waist circumference,
blood pressure, fasting glucose, triglycerides and HDL
cholesterol typically requiring dedicated clinic visits, fast-
ing blood draws and equipment for anthropometry and
blood pressure. In many settings, especially high-volume
HIV clinics and resource-constrained areas like south-
western Uganda, this comprehensive approach can be
logistically burdensome and costly. Consequently, a sim-
pler biomarker for MetS could facilitate screening and
early intervention. Serum biomarkers are attractive in
this context because they can be obtained from routine
blood tests. In particular, alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) are readily
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available biomarkers often used to assess hepatocellular
damage. They are strongly linked to non-alcoholic fatty
liver disease (NAFLD) and insulin resistance, both of
which are hepatic manifestations of metabolic syn-
drome.?**? Likewise, high-density lipoprotein cholesterol
(HDL-C) is a key lipid marker reflecting impaired lipid
metabolism and reduced HDL-C levels constitute one of
the core diagnostic criteria for MetS.>*?"* The
ALT-to-HDL-C and AST-to-HDL-C ratios therefore inte-
grate two pathophysiological dimensions of MetS; hepatic
metabolic dysfunction and atherogenic dyslipidemia into a
single index.

Emerging evidence in general populations supports the
ALT-to-HDL-C and AST-to-HDL-C ratios as metabolic
risk indicators.?* Using these ratios could reduce screening
burdens. Both ALT, AST, and HDL-C are routinely mea-
sured in HIV clinics; serum transaminases as part of liver
function tests and HDL-C as part of lipid panels, so the
ratios require no additional specialized tests. Compared
to standard MetS screening, computing ALT-to-HDL-C
and AST-to-HDL-C ratios from an existing blood draw
could be faster, cost effective and less inconvenient for
patients. However, evidence supporting the association
between ALT-to-HDL-C and AST-to-HDL-C ratios with
MetS among PLWH on DTG-based ART remains limited.
Establishing a clear relationship between these ratios and
MetS would provide foundational data to inform future,
larger and more robust studies aimed at evaluating the
diagnostic utility of these ratio biomarkers for MetS and
its individual components.

To the best of our knowledge, no prior studies have
investigated the association between serum aminotrans-
ferases to high-density lipoprotein cholesterol ratios and
MetS among PLWH on DTG-based ART in Uganda.
Therefore, this study sought to assess the association
between ALT-to-HDL-C and AST-to-HDL-C ratios with
MetS among PLWH on DTG-based ART, and to evaluate
the predictive performance of these ratios, including iden-
tifying optimal cut-off values for distinguishing indivi-
duals with and without MetS in Southwestern Uganda.

Material and Methods

The reporting of this study conforms to the STROBE
guidelines for observational studies.*’

Study Design, Population, and Variables

We conducted a secondary data analysis study from June
15, 2025 to August 20, 2025 using a dataset generated
from a hospital-based cross-sectional study by Nzaramba
et al,'"® which investigated the association between a low
aspartate aminotransferase (AST)/alanine aminotransfer-
ase (ALT) ratio and metabolic syndrome (MetS) among
377 PLWH receiving DTG-based ART at Ruhoko

Health Centre IV in Ibanda Municipality, Southwestern
Uganda. This primary study was conducted from July 1,
2024 to August 15, 2024. Ruhoko Health Centre IV is
located approximately 74 kilometers from Mbarara City
accessible via Ibanda Road. The facility also serves as a
referral point for surrounding lower-level health centers,
including Nyamirima, Nyakatokye, and Kyikuchu. The
ART clinic of this facility operates four days a week
(Tuesday to Friday) from 8:00 am to 5:00 pm and reviews
more than 150 patients each day. All the PLWH receiving
care at this facility is on DRG-based ART regimens. The
source population in the primary study comprised all
PLWH in South-Western Uganda. The study population
consisted of PLWH on dolutegravir-based ART who
were receiving HIV care and follow-up at Ruhoko
Health Centre IV in South-Western Uganda during the
study period and who met the eligibility criteria.

In the primary study,'® adult patients aged 18 years and
above who had been on DTG-based ART for at least
12 months and had provided informed consent were system-
atically enrolled where by every third eligible participant
was consecutively selected until the desired sample size of
377 was obtained. Exclusion criteria included missing clin-
ical records, pregnancy, interrupted ART, or attendance for
acute illnesses such as hepatitis. Participants receiving treat-
ment for diabetes, lipid-lowering therapy, corticosteroids, or
oral contraceptive pills were also excluded.

The primary study used a structured questionnaire that
consisted of standard measurement tool to collect a wide
range of variables which included socio-demographics
(sex, age, education level, residence, religion, and employ-
ment status), household factors (presence of a ventilated
kitchen), and lifestyle behaviors (smoking status, alcohol
consumption, and intake of fruits and vegetables), reported
family history of Diabetes Mellitus and hypertension. This
questionnaire was administered by well-trained research
assistants. Anthropometric measurements (weight, height,
waist circumference, hip circumference, neck circumfer-
ence, mid-upper arm circumference (MUAC)), systolic
and diastolic blood pressure were performed by a clinician.
A digital sphygmomanometer was used to measure blood
pressure. Two readings were taken five minutes apart, and
their average was recorded as the participant’s blood pres-
sure. Weight and height were measured using a portable
weight and height scale. Waist and hip circumferences
were measured using a non-stretchable SECA 201 ergo-
nomic tape. Two measurements were taken, and when
the difference between them exceeded 3 c¢m, a third meas-
urement was obtained. The final waist and hip circumfer-
ence values were recorded as the mean of the two or three
measurements.

About 4 mL of venous blood was collected from each
participant after an overnight fast using fluoride-oxalate
(grey-top) and plain (red-top) vacutainer tubes. Plasma
and serum were separated within one hour of collection.
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Biochemical analyses, including plasma glucose, serum
total cholesterol, LDL-C, HDL-C, triglycerides, AST,
ALT, ALP, GGT, and electrolytes, were performed using
the HumaStar 100 clinical chemistry analyzer (Human
Diagnostics, Germany) by a qualified Laboratory
Technologist at Ruhoko Health Centre IV Clinical
Chemistry Laboratory, Ibanda Municipality. This spectro-
photometric instrument determines analyte concentrations
at predefined wavelengths and has a throughput of
approximately 100 tests per hour. The analyzer performs
automated sample and reagent pipetting, photometric read-
ing, incubation, and result calculations. Calibration was
carried out using AutoCal (EFILive, Auckland, New
Zealand), and both normal (HumaTrol N) and pathological
(HumaTrol P) quality control materials were analyzed
daily prior to processing study samples. All procedures
adhered strictly to the manufacturer’s instructions for
both the instrument and the reagents.

Ruhoko Health Centre IV Laboratory, where the ana-
lyses were performed, is nationally accredited at a 2-star
level by the National Health Laboratory Services/Central
Public Health Laboratories (NHLS/CPHL), Ministry of
Health, Uganda. To further ensure analytical accuracy,
10% of all collected samples were retested at the
Mbarara Regional Referral Hospital clinical chemistry
laboratory as an external quality assurance measure.

Dependent and Independent Variables in
the Secondary Analysis

The primary outcome of interest was metabolic syndrome
(MetS), defined according to the National Cholesterol
Education Program Adult Treatment Panel III (NCEP
ATP III) criteria.>® Based on this criteria, participants are
classified as having MetS if they meet at least three of
the following criteria: waist circumference >102 cm for
men or >88 cm for women; triglycerides >150 mg/dL;
HDL-C <40 mg/dL for men or <50 mg/dL for women;
blood pressure >130/85 mm Hg or use of antihypertensive
medication; and fasting plasma glucose >110 mg/dL or
use of diabetes treatment. However for classification of
waist circumference, we used International Diabetes
Federation (IDF) recommended African-specific cut-offs
(294 cm for male and >80cm for female for
Sub-Saharan Africans)*’® instead of NCEP ATP III waist
circumference cut-offs (>102/88 cm).

The main independent variables were the alanine ami-
notransferase to high-density lipoprotein cholesterol ratio
(ALT-to-HDL-C ratio) and the aspartate aminotransferase
to  high-density  lipoprotein  cholesterol  ratio
(AST-to-HDL-C ratio). The ALT-to-HDL-C ratio was cal-
culated by dividing serum ALT levels (IU/L) by HDL-C
levels (mg/dL), while the AST-to-HDL-C ratio was calcu-
lated by dividing serum AST levels (IU/L) by HDL-C
levels (mg/dL). We did not find established clinical or

epidemiological cut-off points in the literature to define
“high” or “low” values for these enzyme-to-lipid ratios
in relation to prediction of a likelihood of MetS. In the
absence of validated thresholds, data-driven categorization
is commonly applied, and tertiles provide a balanced
approach that maintains adequate sample size within
each group. Tertiles also enhance interpretability by allow-
ing comparison across low, medium, and high groups
without over-stratifying the data. Therefore both
ALT-to-HDL-C and AST-to-HDL-C ratios were categor-
ized into tertiles for analysis.

Additional independent variables included sex, age,
education level, residence, religion, and employment sta-
tus, presence of a ventilated kitchen, smoking status, alco-
hol consumption, and intake of fruits and vegetables,
family history of chronic conditions Diabetes Mellitus
and hypertension, total cholesterol, low-density lipopro-
tein, ALP, GGT, serum electrolytes sodium, potassium,
and chloride, sleep quality, risk of obstructive sleep apnea
(OSA), sleep duration, body mass index, duration on
DTG-based ART. OSA was assessed using the
STOP-Bang scoring tool.>* Sleep quality was evaluated
using the Pittsburgh sleep quality index (PSQI). Poor sleep
quality was defined as a global PSQI score >6.*° Sleep
duration was categorized as <5, 5-6, 67, and >7hours.>!
Body Mass Index was categorized as <25 Kg/m?, 25—
29.9 Kg/m?, >30 Kg/m.*? Low fruit and vegetable intake
was defined as consuming less than five servings of fruit
and vegetables per day.>® All standardized tools used to
collect data have been previously validated and widely
applied in similar populations.

Sample Size Determination

For the secondary analysis, a sample size calculation was
based on the prevalence (35.3%) of MetS'® among PLHIV
on DTG-based ART in a study conducted in
South-western Uganda. We used the Kish Leslie formula
(1965) with a 5% margin of error and a 95% confidence
interval.

n =1.96>x0.353(1 — 0.353)/0.05% = 351.

Since the primary study enrolled 377 participants, this
sample size was adequate for the secondary data analysis
study.

Statistical Analysis

Data was analyzed using STATA Software version 17.
Categorical variables were summarized using frequencies
and proportions. The distribution of categorical variables
between the different ALT-to-HDL-C tertiles was com-
pared using Chi-square test or Fishers exact test.
Continuous variables were tested for normality using
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Shapiro-wilk normality test and all were not normally dis-
tributed (p-value<0.05). Therefore, they were all summar-
ized using Median (IQR) and their distribution between
the ALT-to-HDL-C tertiles compared using the
Kruskal-Wallis rank test. A p-value <0.05 was considered
statistically significant.

Logistic regression was used to assess the association
between ALT-to-HDL-C ratio and AST-to-HDL-C ratios
with MetS. MetS was the binary dependent variable (1 =
present, 0=absent) while ALT-to-HDL-C and ALT
to-HDL C ratios were the primary independent variables.
At the bivariate level, crude associations between
MetS and each independent wvariable, including
ALT-to-HDL-C and ALT-to-HDL-C ratios, were evalu-
ated. Associations were quantified using crude odds ratios
(ORs) with corresponding 95% confidence intervals (Cls),
and statistical significance was determined at a p-value
<0.2. The primary exposure variables and other variables
that demonstrated statistical significance at the bivariate
level, along with those that were not statistically signifi-
cant but were considered biologically plausible confoun-
ders such as serum ALP, GGT, and potassium were
included in the multivariable model to ensure adequate
adjustment for potential confounding. Adjusted odds
ratios (aORs) with 95% Cls were reported and p-values
were reported. In the multivariable model, variables
such as residence, ventilated kitchen, and fruit and vege-
table intake were excluded because they did not contrib-
ute meaningfully to the model and their removal
improved model precision without compromising its val-
idity. The model’s goodness of fit was then assessed
using the Hosmer-Lemeshow test, with a p-value >0.05
indicating a good fit (p=0.8632) in our final model).
The final model was also tested for the absence of severe
multi-collinearity with a mean VIF of 1.54 being below
the acceptable value of 5. In the final multivariable
model, associations were considered significant at a
p-value <0.05.

To evaluate the predictive ability of the ALT-to-HDL-C
ratio for identifying participants with MetS, we conducted
a Receiver Operating Characteristic (ROC) curve analysis.
ROC analysis was selected because it is an established
method for evaluating the diagnostic or discriminative per-
formance of a continuous biomarker in classifying a binary
outcome. The area under the curve (AUC) was computed
to quantify the overall discriminative performance of the
ALT-to-HDL-C ratio. An AUC value closer to 1.0 indi-
cates better predictive power, whereas an AUC of 0.5 sug-
gests no Dbetter classification than chance. Predictive
performance was considered statistically significant if the
95% CI for the AUC did not include the null value of
0.5. Additionally, the interpretation of AUC values is sum-
marized as: AUC 0.90-1.00 =Excellent; 0.80-0.89 =
Good; 0.70-0.79 =Fair; 0.60-0.69 =Poor; 0.50-0.59 =
Failure.**

Results

All the 377 PLWH on DTG-based ART in the primary
study met eligibility and were analyzed in the secondary
analysis study. Participants were divided into tertiles of
ALT/HDL-C ratio: first tertile (n=126), second tertile
(n=128), and third tertile (n=123). MetS prevalence
was 30.2%, 47.7%, and 56.1% across the tertiles from low-
est to highest, respectively, totaling 168 cases (44.6%)
(Figure 1).

Socio-Demographic and Clinical Characteristics of
the Study Participants

Our study enrolled 377 participants with a median age of
44 years (IQR: 30-59), of whom 56.2% were female.
Most had attained tertiary (40.1%) or secondary (19.9%)
education, while 22.0% had no formal education. Over
half (57.3%) resided in urban areas, and 36.6% were
Protestant, followed by Catholics (29.7%). The majority
were employed (84.1%) and lived in homes with venti-
lated kitchens (85.4%). Regarding lifestyle factors,
11.9% reported ever smoking, and 62.1% reported alcohol
consumption. Most participants had a BMI <25 kg/m?
(69.0%), with 23.3% overweight and 7.7% obese. A
high proportion (70.3%) had been on dolutegravir-based
ART for more than two years. We did not observe statis-
tically significant differences in the distribution of sociode-
mographic and clinical characteristics across the
ALT-to-HDL-C tertiles (p>0.05) in this study as indicated
in Table 1.

Metabolic Syndrome, its Components and
Biochemical Parameters by ALT/HDL-C Status

The prevalence of MetS was 44.6%(168/377); 95% CI:
39.6 - 49.6 and significantly increased from the lowest to
the highest ALT-to-HDL-C ratio tertiles (30.2% vs
47.7% vs 56.1%, p<0.001). Elevated fasting plasma glu-
cose was also more common in the upper tertile (22.8%)
than in the lowest (8.7%, p=0.005). Low HDL-C levels
showed a strong gradient across tertiles, rising from
15.1% in the lowest tertile to 78.0% in the highest (p <
0.001). Elevated LDL-C (>130 mg/dL) was also more fre-
quent in the higher tertiles, affecting 19.5% of participants
in the third tertile compared to only 6.3% in the first (p =
0.008). However, elevated triglycerides were significantly
more frequent in the lower tertiles, observed in 78.6% of
participants in the first tertile compared to 64.1% and
68.3% in the second and third tertiles, respectively (p=
0.034). Regarding total cholesterol, high Ilevels
(>200 mg/dL) were also most common in the lowest ter-
tile (42.9%), decreasing progressively to 17.9% in the
highest tertile (p <0.001) as indicated in Table 2.
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the primary study

377 PLWH on DTG-based ART from

Eligibility criteria

N=377

Enrolled participants

N=377

Number analyzed

| |

Participants in ALT-to-HDL-
C 1% tertile
n=126 (33.4%)

Participants in ALT-to-HDL-
C 2" tertile
n=128 (34.0%)

Participants in ALT-to-HDL-
C 3" tertile
n=123 (32.6%)

«, |

Had MetS
N=38/126 (30.2%)

Had MetS
N=61/128(47.7%)

v

Had MetS
N=69/123 (56.1%)

Figure |. Narrative of the study flow chart.

Association Between High ALT-to-HDL-C Ratio and
Metabolic Syndrome

At bivariate analysis (Table 3), higher ALT-to-HDL-C and
AST-to-HDL-C ratios were significantly associated with
increased odds of MetS. Participants in the second tertile
of ALT-to-HDL-C ratio had more than double the odds
(cOR 2.11, 95% CI: 1.26-3.53, p=0.005), and those in
the third tertile also had over twofold higher odds of
MetS (cOR 2.95, 95% CI: 1.75-4.98, p<0.001) compared
to the participants in the first tertile. However, for
AST-to-HDL-C ratio, only participants in the third tertile
had significantly higher odds of MetS in comparison to
those in first tertile (cOR 1.89, 95% CI: 1.14-3.13, p=
0.014). After adjusting for potential confounders including
age, sex, education level, smoking, alcohol consumption,
body mass index, sleep quality, sleep duration, obstructive
sleep apnea, family history of hypertension, DTG-based
ART duration, ALP, GGT, and serum electrolytes

(sodium, potassium, and chloride)) in multivariate analysis
(Table 3), only the association between higher
ALT-to-HDL-C and MetS remained statistically signifi-
cant and even stronger. Individuals in the second tertile
had 2.35-fold higher odds (aOR 2.35, 95% CI: 1.26-
4.41, p=0.008), and those in the third tertile had over
fourfold higher odds (aOR 4.65, 95% CI: 2.25-9.61, p<
0.001) of MetS compared to those in the lowest tertile.
ALT-to-HDL-C ratio at an optimal cutoff of 0.33 had a
significant ability (AUC=0.820, 95%CI: 0.782 - 0.861)
to differentiate between participants with MetS from those
without MetS at a sensitivity of 92% and specificity of
54% as indicated in Figure 2.

Discussion

Our study found a significant and graded association
between serum ALT-to-HDL-C ratio and MetS among
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Table |. Socio-Demographic and Clinical Characteristics by ALT-to-HDL-C Tertiles.

ALT-to-HDL-C tertiles

Total

Variable N=377 First N=126 Second N=128 Third N=123 p-value

Age in years: Median(IQR) 44 (30-59) 41 (29-58) 44 (30.5-58) 46 (32-60) 0.74

Sex 0.24
Male 165 (43.8%) 54 (42.9%) 50 (39.1%) 61 (49.6%)

Female 212 (56.2%) 72 (57.1%) 78 (60.9%) 62 (50.4%)

Education level 0.1
No education 83 (22.0%) 26 (20.6%) 23 (18.0%) 34 (27.6%)

Primary 68 (18.0%) 16 (12.7%) 26 (20.3%) 26 (21.1%)
Secondary 75 (19.9%) 32 (25.4%) 26 (20.3%) 17 (13.8%)
Tertiary 151 (40.1%) 52 (41.3%) 53 (41.4%) 46 (37.4%)

Residence 0.73

Urban 216 (57.3%) 75 (59.5%) 70 (54.7%) 71 (57.7%)
Rural 161 (42.7%) 51 (40.5%) 58 (45.3%) 52 (42.3%)

Religion 0.97
Catholic 112 (29.7%) 39 (31.0%) 37 (28.9%) 36 (29.3%)
Protestant 138 (36.6%) 42 (33.3%) 49 (38.3%) 47 (38.2%)

Moslem 32 (8.5%) 10 (7.9%) Il (8.6%) Il (8.9%)
Others 95 (25.2%) 35 (27.8%) 31 (24.2%) 29 (23.6%)

Employment status 0.55
Unemployed 60 (15.9%) 23 (18.3%) 17 (13.3%) 20 (16.3%)
Employed 317 (84.1%) 103 (81.7%) 111 (86.7%) 103 (83.7%)

Ventilated Kitchen 0.79
No 55 (14.6%) 18 (14.3%) 17 (13.3%) 20 (16.3%)

Yes 322 (85.4%) 108 (85.7%) 111 (86.7%) 103 (83.7%)

Smoking 0.95
Non smoker 332(88.1%) 110(87.3%) 113 (88.3%) 109 (88.6%)

Ever smoked 45 (11.9%) 16 (12.7%) I5 (11.7%) 14 (11.4%)

Alcohol Consumption status 0.69
Never consumed 143 (37.9%) 44 (34.9%) 51 (39.8%) 48 (39.0%)

Ever consumed 234 (62.1%) 82 (65.1%) 77 (60.2%) 75 (61.0%)

Body mass index 0.43
<25 kg/m2 260 (69.0%) 85 (67.5%) 83 (64.8%) 92 (74.8%)

25-29 kg/m2 88 (23.3%) 32 (25.4%) 32 (25.0%) 24 (19.5%)
> 30 kg/m2 29 (7.7%) 9 (7.1%) 13 (10.2%) 7 (5.7%)

Vegetable and fruit intake 0.92
<5 servings per day 367 (97.3%) 123 (97.6%) 124 (96.9%) 120 (97.6%)
> 5 servings per day 10 (2.7%) 3 (2.4%) 4 (3.1%) 3 (2.4%)

Number of days per week of fruit and vegetable intake 0.86
<4 days 24 (6.4%) 9 (7.1%) 7 (5.5%) 8 (6.5%)
>4 days 353 (93.6%) 117 (92.9%) 121 (94.5%) 115 (93.5%)

Sleep duration in hours 0.6l
>7 72 (19.1%) 22 (17.5%) 21 (16.4%) 29 (23.6%)

67 251 (66.6%) 88 (69.8%) 87 (68.0%) 76 (61.8%)
5-6 38 (10.1%) 10 (7.9%) 16 (12.5%) 12 (9.8%)
<5 16 (4.2%) 6 (4.8%) 4 (3.1%) 6 (4.9%)

Obstructive Sleep Apnea 0.57
Low risk of OSA 302 (80.1%) 104 (82.5%) 103 (80.5%) 95 (77.2%)

High risk of OSA 75 (19.9%) 22 (17.5%) 25 (19.5%) 28 (22.8%)

Family of Hypertension 0.56
No 314 (83.3%) 104 (82.5%) 104 (81.3%) 106 (86.2%)

Yes 63 (16.7%) 22 (17.5%) 24 (18.8%) 17 (13.8%)

Family of Diabetes Mellitus 0.88
No 285 (75.6%) 96 (76.2%) 98 (76.6%) 91 (74.0%)

Yes 92 (24.4%) 30 (23.8%) 30 (23.4%) 32 (26.0%)

DTG-ART duration 0.36
<2years 112 (29.7%) 43 (34.1%) 37 (28.9%) 32 (26.0%)

> 2years 265 (70.3%) 83 (65.9%) 91 (71.1%) 91 (74.0%)
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Table 3. Association Between High ALT-to-HDL-C Ratio and Metabolic Syndrome.

Bivariate analysis Multivariate analysis

Variable cOR(95%Cl) P-value aOR(95%Cl) P-value
ALT/HDL-C ratio

First tertile 1.00 1.00

Second tertile 2.11(1.26-3.53) 0.005 2.35(1.26-4.41) 0.008

Third tertile 2.95(1.75-4.98) <0.001 4.65(2.25-9.61) <0.001
AST/HDL-C ratio

First tertile 1.00 1.00

Second tertile 1.59(0.96-2.63) 0.074 1.16(0.61-2.21) 0.640

Third tertile 1.89(1.14-3.13) 0014 0.99(0.49-2.01) 0.977
Age 1.03(1.01-1.04) <0.001 1.01(0.99-1.04) 0.346
Sex

Male 1.00 1.00

Female 3.51(2.27-5.42) <0.001 4.97(2.84-8.72) <0.001
Education level

No education 1.00 1.00

Primary 0.82(0.43-1.56) 0.548 0.88(0.38-2.01) 0.755

Secondary 0.75(0.40-1.40) 0.367 1.19(0.49-2.87) 0.698

Tertiary 0.32(0.18-0.56) <0.001 0.54(0.21-1.36) 0.193
Residence

Urban 1.00

Rural 1.32(0.87—-1.98) 0.190
Religion

Catholic 1.00

Protestant 1.09(0.66—1.80) 0.743

Moslem 1.95(0.88—4.33) 0.102

Others 0.93(0.53-1.62) 0.793
Employment status

Unemployed 1.00

Employed 0.77(0.44-1.34) 0.356
Ventilated kitchen

No 0.67(0.37-1.21) 0.187

Yes 1.00
Smoking

Non smoker 1.00 1.00

Ever smoked 1.65(0.88-3.09) 0.116 2.33(1.05-5.18) 0.038
Alcohol consumption status

Never consumed 1.00 1.00

Ever consumed 0.63(0.41-0.95) 0.029 0.61(0.36—1.00) 0.054
Body mass index

<25 kg/m? 1.00 1.00

25-29 kg/m? 2.32(1.42-3.79) 0.001 1.90(1.06-3.39) 0.031

> 30 kg/m? 3.73(1.64-8.53) 0.001 2.24(0.84-5.98) 0.106
Vegetable and fruit intake

<5 servings per day 1.21(0.33-4.37) 0.769

> 5 servings per day 1.00
Fruit and vegetable intake in a week

<4 days 0.49(0.20-1.21) 0.123

>4 days 1.00
Sleep quality

Good 1.00 1.00

Poor 1.15(0.73-1.81) 0.553 0.66(0.35-1.22) 0.183
Sleep duration (Hours)

>7 1.00 1.00

<7 0.66(0.40-1.11) 0.120 0.77(0.41-1.46) 0.425
Obstructive Sleep Apnea(OSA)

Low risk of OSA 1.00 1.00

High risk of OSA 1.78(1.07-2.96) 0.027 1.75(0.78-3.92) 0.177

(continued)
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Table 3. Continued.

Bivariate analysis

Multivariate analysis

Variable cOR(95%Cl) P-value aOR(95%Cl) P-value
Family History of Hypertension

No 1.00 1.00

Yes 1.99(1.15-3.44) 0.014 1.55(0.73-3.31) 0.253
Family History of DM

No 1.00

Yes 1.19(0.74-1.91) 0.469
DTG-based ART duration

<2years 1.00 1.00

>2years 2.22(1.39-3.53) 0.001 1.21(0.65-2.28) 0.544
Total cholesterol 0.99(0.99-1.00) 0.049

LDL-Cholesterol 1.00(1.00-1.01) 0.716

ALP 1.00(1.00-1.01) 0.788 1.00(1.00-1.01) 0.477
GGT 0.99(0.98-1.01) 0.482 0.99(0.97-1.01) 0.385
Na+ 0.97(0.93-1.00) 0.064 0.97(0.93-1.01) 0.138
K+ 0.81(0.57-1.14) 0.223 0.75(0.49-1.15) 0.190
Cl- 0.98(0.95-1.01) 0.179 0.99(0.95-1.03) 0.556

cOR: Crude Odds ratio, aOR: adjusted Odds ratio, Cl: 95% Confidence interval.

5 Optimal cut-off=0.33, Sensitivity=92%, Specificity=54%
C)_ =
w
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0.00 0.25 0.50 0.75 1.00
1 - specificity
Area under ROC curve = 0.820(95%Cl: 0.782 - 0.861)

Figure 2. Receiver operating characteristic curve showing predictive performance of ALT-to-HDL-C ratio for MetS.

PLWH on DTG-based ART. Participants in the second
tertile of ALT-to-HDL-C ratio had 2.35-fold higher odds
of MetS and those in the third tertile had 4.65-fold higher
odds of MetS compared to those in the first tertile. This
indicates that an elevated ALT-to-HDL-C ratio reflecting
both increased liver injury and lower protective HDL is a
potential marker of metabolic dysregulation in this population.
In terms of diagnostic performance, the ALT-to-HDL-C ratio
showed good discriminative ability with AUC of 0. 820. At

the optimal cutoff of 0.33, sensitivity was very high (92%)
while specificity was modest (54%), meaning that nearly all
subjects with MetS would be identified, but about half of
those without MetS would be false positives. Clinically, this
suggests ALT-to-HDL-C ratio has potential as a screening
indicator for MetS due to high sensitivity but would require
confirmatory tests because of moderate specificity. The ease
of obtaining ALT and HDL-C levels makes the ratio a prac-
tical noninvasive marker. Indeed, similar metabolic risk
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indices have been proposed in other contexts: for example,
Zhou et al recently found that a higher ALT-to-HDL-C ratio
strongly correlated with insulin resistance and could serve as a
screening indicator in American adults.”® Likewise, Xuan et al
showed that ALT-to-HDL-C was a useful noninvasive diag-
nostic tool for identifying NAFLD; a hepatic manifestation
of MetS).?' These and our results together suggest that
ALT-to-HDL-C ratio captures key elements of MetS and
has substantial predictive power as a biomarker.

To the best of our knowledge, no published study to
date has directly examined the ALT-to-HDL-C ratio in
relation to MetS either in the general population or among
PLWH on DTG-based ART. Rather, the ALT-to-HDL-C
ratio has been studied mainly for related metabolic condi-
tions such as type 2 Diabetes Mellitus, insulin resistance,
and NAFLD. In these contexts, findings broadly support
our results. For example, Xuan et al (US population) found
that higher ALT-to-HDL-C ratio was independently asso-
ciated with NAFLD and liver fibrosis,”' concluding that
the ratio is a useful noninvasive diagnostic tool to identify
individuals at high metabolic risk. Similarly, Zhou et al ana-
lyzed NHANES data and reported that ALT-to-HDL-C ratio
was significantly correlated with insulin resistance and
yielded higher AUC for IR (0.725 in men, 0.696 in women)
than ALT or HDL alone.?® Although their AUC values are
lower than our 0.820, the pattern is consistent: elevated
ALT-to-HDL-C ratio flags metabolic disturbance. Studies
linking ALT-to-HDL-C to diabetes also mirror our findings.
Cao et al (Japanese cohort) showed a positive association
between higher baseline ALT-to-HDL-C ratio and incident
type 2 diabetes mellitus.>> In another community survey,
an ALT-to-HDL-C ratio higher than 14.9 (HDL-C in
mmol/L) was associated with 44% higher odds of diabetes
mellitus,*® leading authors to suggest ALT-to-HDL-C ratio
as a combined marker for DM risk. These observations agree
that ALT-to-HDL-C ratio rises with worsening metabolic
syndrome elements and hence it’s strong linkage to MetS.
Independently, several studies have shown ALT alone pre-
dicts MetS and diabetes. For instance, Goessling et al found
that each standard-deviation increase in log(ALT) raised
20-year odds of MetS by about 21%.>” In effect, combining
ALT (liver injury) with HDL-C into one ratio enhances sen-
sitivity to metabolic derangements consistent with the super-
ior performance of ALT-to-HDL-C ratio over single markers
seen elsewhere.”'’

Not all previous findings align perfectly with our study
results. Cao et al cautioned that in their population the
ALT-to-HDL-C ratio was only a moderate predictor of
Diabetes Mellitus (AUC 0.75) and recommended it as a
secondary marker rather than a primary screening tool.>’
By contrast, our AUC of 0.820 suggests stronger overall
discrimination power of ALT-to-HDL-C ratio for MetS.
This discrepancy may reflect differences in outcome (a
composite syndrome vs diabetes alone), ethnicity, or study
design. Xuan et al*' observed a higher cut-off point

(ALT-to-HDL-C =0.53) for NAFLD risk, much above
our 0.33 cutoff; such variation also comes from different
outcome variables (NAFLD vs MetS) though the two
share common metabolic derangements. Furthermore, in
Zhou’s US cohort, ALT-to-HDL-C ratio was more predict-
ive in older or obese participants,® implying that demo-
graphic factors can influence its utility. Our high
sensitivity (94%) and modest specificity (52%) likewise
suggest the ratio is especially good for ruling out MetS
but less specific, a feature also seen in some diabetes
studies.

In summary, this study demonstrates a strong association
between the ALT-to-HDL-C ratio and MetS among PLWH
receiving DTG-based ART, with a ratio >0.33 showing
good discriminatory performance. While our findings align
with prior evidence linking ALT-to-HDL-C ratio to insulin
resistance, diabetes, and NAFLD, they should be interpreted
with caution. Some methodological limitations including the
cross-sectional study design, reliance on some self-reported
variables, and the possibility of residual confounding limit
the strength of causal inference. Moreover, the paradoxical
patterns observed for elevated triglycerides and total choles-
terol across ALT-to-HDL-C tertiles highlight internal incon-
sistencies that warrant further investigation rather than
assumptions of biological coherence. To avoid overstating
the clinical applicability of this biomarker, we emphasize
that prospective studies with longitudinal follow-up, com-
prehensive metabolic and inflammatory assessments, and
more rigorous control of potential confounders are needed
to validate these findings and determine whether the
ALT-to-HDL-C ratio has practical utility for identifying
MetS in this population.

Conclusion

This study found a strong and graded association between
higher ALT-to-HDL-C ratio and MetS among PLWH on
DTG-based ART in Southwestern Uganda. The ALT-to-
HDL-C ratio also demonstrated good discriminatory perform-
ance, with an optimal cutoff of 0.33 yielding high sensitivity
for identifying individuals with MetS. These findings suggest
that this ratio, derived from routinely available clinical tests,
may serve as a practical adjunct marker for early identifica-
tion of metabolic risk in HIV care settings. However, pro-
spective studies are needed to validate this association,
assess temporal relationships, and determine whether inte-
grating the ALT-to-HDL-C ratio into metabolic risk screen-
ing improves detection of MetS.

Limitations and Recommendations

We acknowledge that some confounders related to liver
function, metabolic status, and HIV virological suppres-
sion were not captured in the primary study. Information
on presence or stage of other chronic liver diseases, the
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dose and frequency of alcohol use, and concomitant hep-
atotoxic medications (including non-ART drugs), HIV
viral load, and CD4 count was not available in the dataset
and therefore could not be controlled for in our analysis.
Consequently, despite adjusting for all relevant confoun-
ders available in our data, the possibility of residual con-
founding remains, and the observed associations should be
interpreted with caution. Additionally, some variables includ-
ing family history of hypertension and diabetes mellitus,
alcohol use and smoking were self-reported and therefore
there is a likelihood of provision of incorrect information.
The generalizability of our results is restricted to PLWH on
DTG-based ART, and the findings might not be relevant to
other populations or to individuals on other ART regimens.
Our results showed that high triglycerides and total choles-
terol were most common in the lowest ALT-to-HDL-C ratio
tertile may challenges the ratio’s comprehensiveness as a
metabolic marker. Finally, our discussion referenced evi-
dence on NAFLD, insulin resistance, and diabetes mellitus
to provide biological context, although these conditions
were not directly assessed in our dataset.

In light of the limitations identified in this study, several
areas warrant further investigation to strengthen understand-
ing of the relationship between the ALT-to-HDL-C ratio
and MetS among PLWH receiving DTG-based ART.
Longitudinal studies are needed to establish temporal and cau-
sal pathways linking elevated ALT-to-HDL-C ratio to the
development of MetS, overcoming the limitations of cross-
sectional data. Future research should also incorporate object-
ive clinical and biochemical measures rather than self-
reported information for variables such as family history,
smoking, and alcohol use to minimize misclassification. A
more comprehensive assessment of potential confounders,
including detailed alcohol intake, liver disease evaluation,
HIV viral load, CD4 count, and concomitant medications, is
essential. Interventional studies could further examine
whether lifestyle modification or lipid-lowering therapy in
individuals with elevated ALT-to-HDL-C ratio reduces
MetS risk. Finally, studies involving more diverse
HIV-positive populations across different ART regimens
and geographic settings are needed to enhance the generaliz-
ability of these findings.
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