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Background: Small-for-gestational-age (SGA) births remain an important public health concern in
Pakistan. This study evaluated selected maternal and clinical characteristics associated with SGA
births. Methods: A hospital-based unmatched case-control study was conducted at Aga Khan
University Hospital, Kharadar Campus, Karachi, over 6 months. Cases were singleton neonates with
birthweight below the 10th percentile for gestational age and sex according to INTERGROWTH-
21st standards; controls were appropriate-for-gestational-age neonates between the 10th and 90th
percentiles. The study included 150 cases and 300 controls. Maternal, obstetric, clinical, and
laboratory data were collected by trained personnel using standardized procedures, then harmonized
and merged before analysis. Unconditional multivariable logistic regression estimated adjusted
associations. Results: Maternal age, parity, gestational age, BMI, and hemoglobin were similar
between groups. Mean birthweight was lower among cases than controls (1.84 vs 2.17 kg), as
expected from the outcome definition. PIH/preeclampsia was inversely associated with case status
in crude analysis (OR 0.44, 95% CI 0.23-0.84) and after adjustment (AOR 0.41, 95% CI 0.21-
0.78). Anemia (OR 1.42, 95% CI 0.92-2.19) and GDM/DM (OR 0.65, 95% CI 0.30—1.41) were not
statistically significant. Conclusion: The inverse PIH/preeclampsia association is inconsistent with
established biology and likely reflects limitations in variable harmonization, temporal information,
selection, or residual confounding. It should be interpreted as a methodological and data-quality
signal rather than evidence of a protective effect.
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INTRODUCTION

Small-for-gestational-age ~ (SGA), defined as
birthweight below the 10th percentile for gestational
age, is a primary driver of neonatal morbidity and
mortality worldwide.! South Asia bears a
disproportionately high burden, with term SGA
prevalence estimated at 41.5%.? Pakistan reports some
of the region's highest figures, reaching 36% of live
births.?

Small-for-gestational-age infants face
immediate risks of neonatal sepsis, hypothermia, and
hypoglycemia, alongside lifelong trajectories of
impaired physical and cognitive development.* The
Barker  Hypothesis  posits  that intrauterine
undernutrition  triggers  permanent  metabolic
adaptations, predisposing individuals to chronic non-
communicable diseases in adulthood.>®
In Pakistan and comparable low- and middle-income

settings, maternal anemia and hypertensive disorders
are clinically relevant pathways linked with placental
dysfunction and fetal growth outcomes.”® The
PRISMA study from Karachi reported associations of
low mid-upper arm circumference and underweight
BMI with SGA and low birthweight, supporting the
value of maternal nutritional assessment in this
setting.® Residual confounding by socioeconomic
circumstances, tobacco exposure, antenatal-care
utilization, dietary factors, and other maternal or infant
characteristics therefore remains possible. Behavioral
exposures may also remain relevant. Smokeless
tobacco use among pregnant women has increased in
Pakistan, but this exposure was not available in the
harmonized dataset and could not be evaluated in the
present analysis.’® Evidence from Pakistan remains
limited regarding adjusted associations between
routinely recorded maternal characteristics and SGA
in tertiary-care datasets. However, analyses based on




retrospectively harmonized records may be vulnerable
to incomplete temporal information, exposure
misclassification, selection bias, and residual
confounding.

This study aimed to estimate associations between a
restricted set of harmonized maternal and clinical
variables and SGA case status, and to identify data-
quality and modeling limitations relevant to future
etiologic research.

MATERIAL AND METHODS

This was an unmatched, single-center, hospital-based
case-control analysis. The design was used to compare
selected routinely recorded maternal and clinical
characteristics between SGA cases and AGA controls
and to estimate adjusted associations using
unconditional logistic regression. Because controls
were not matched on gestational age or delivery
period, temporal and  gestational-age-related
confounding could remain; this limitation was
addressed through regression adjustment where
possible and is  explicitly considered in
interpretation.'"'2

The study was conducted at the Department
of Obstetrics & Gynaecology, Aga Khan University
Hospital (AKUH), Kharadar Campus, Karachi from
December 2022 to June 2023. This tertiary facility
serves diverse urban and peri-urban populations across
Karachi and rural Sindh. Approximately 27.8% of
newborns at this facility are born SGA, exceeding the
global average of 17.4%.>°

Cases were singleton live births with
birthweight below the 10th percentile for gestational
age and sex according to Intergrowth-21st newborn
standards.! Controls were singleton live births with
birthweight between the 10th and 90th percentiles,
delivered at the same facility during the same period
and meeting the same eligibility criteria except
outcome status. Eligible participants were restricted to
maternal age 18-45 years, gestational age at least 28
completed weeks, and birthweight measured within 24
hours of birth. Multiple gestations, major congenital or
chromosomal anomalies, stillbirths, intrauterine fetal
deaths, and records with uncertain gestational age
were excluded. Controls were selected by consecutive
sampling with a 1:2 case-control ratio. The unmatched
design was retained to permit assessment of key
maternal covariates in unconditional logistic
regression.'?

The original planning calculation used the
Kelsey approach for an unmatched case-control study
with alpha=0.05, 80% power, a 1:2 case-to-control
ratio, and a minimum detectable odds ratio of 2.0. The
observed control prevalence of anemia was 66%, not
the 30% value used initially. Using 66% control
exposure prevalence and OR=2.0 gives an
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approximate requirement of 126 cases and 252
controls before allowance for incomplete data. The
achieved sample of 150 cases and 300 controls
exceeded this revised requirement. This recalculation
applies only to anemia as a binary exposure and does
not establish adequate power for smaller effects or less
prevalent exposures.

No post hoc power claim was used to
interpret the observed estimates. Precision was
evaluated from 95% confidence intervals, which show
that modest associations and associations for
infrequent exposures may remain uncertain.

The outcome was binary case-control status,
coded as SGA case (1) and AGA control (0). The
adjusted model was restricted to variables available in
both analysis-ready extracts: maternal age, parity,
gestational age at delivery, BMI, hemoglobin, anemia
status, PTH/preeclampsia status, and GDM/DM status.
Birthweight and infant sex were retained only as
descriptive variables and were not entered as
predictors because birthweight contributes directly to
SGA classification. Socioeconomic, tobacco, MUAC,
detailed antenatal-care, and delivery-period variables
were unavailable in the harmonized analytic file;
consequently, the title, aims, and conclusions were
restricted to the variables actually analyzed.

Data Collection & Quality Assurance:

Data were originally collected prospectively by
trained study personnel using standardized case-report
forms and clinical records. Before data collection, a
two-day training workshop was conducted to
standardize  eligibility = assessment,  variable
definitions, interviewing procedures, abstraction from
medical records, and data entry. Inter-rater reliability
was assessed, with a kappa value greater than 0.80
required before independent data collection. Ten
percent of records underwent duplicate data entry, and
range, consistency, and logic checks were applied.
Weekly supervision and random audits of 5% of
records were conducted to verify completeness and
accuracy. The present secondary analysis used de-
identified data collected under the original consent and
ethics approval.

Two source extracts were used: an
obstetric/clinical ~ extract containing maternal,
pregnancy, delivery, and neonatal fields, and a
laboratory extract containing hemoglobin and
glycemic information. Before analysis, variable
names, coding direction, units, and missing-value
conventions were reviewed and standardized across
extracts. The merged analytic variables were
constructed as follows: maternal age in years; parity as
a numeric count; gestational age in completed weeks;
BMI in kg/m?; hemoglobin in g/dL; anemia as a binary
indicator based on the available hemoglobin
definition; PIH/preeclampsia as a combined binary




indicator; and GDM/DM as a combined binary
indicator. Because the available files did not preserve
all diagnostic timing, severity, or treatment details, the
combined disease indicators should be interpreted as
record-derived classifications rather than fully
adjudicated clinical phenotypes.

Selection bias was minimized by recruiting
cases and controls from the same hospital and time
window using consecutive eligibility screening.
Information bias was reduced by using standardized
interviews and prioritizing contemporaneously
documented clinical and laboratory information over
participant recall where available. Misclassification
was addressed through uniform case definitions based
on Intergrowth-21st criteria and standardized variable
coding. Confounding was addressed analytically
through multivariable adjustment with clinically
relevant covariates.'>'?

Analyses used a two-sided significance level
of 0.05. Baseline characteristics were summarized
separately for cases and controls using mean and
standard deviation for continuous variables and
frequency and percentage for categorical variables.
Birthweight was presented only descriptively because
it contributes to case definition. Crude odds ratios with
95% confidence intervals were calculated for binary
exposures. The multivariable model included the
prespecified harmonized variables and reported
adjusted odds ratios with 95% confidence intervals.
Complete-case analysis was used for the primary
adjusted model (n=445); the small amount of
missingness was described, but no causal
interpretation was assigned to estimates because
unmeasured and residual confounding remained
possible.'*%°
Ethical Considerations

Ethical approval was obtained from the Institutional
Ethics Review Committee, Aga Khan University.
ERC approval number 2019-0868-2823, approved on
25/02/2019. Written informed consent was obtained in
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Urdu or English. Confidentiality was maintained
through unique study identifiers, and participation was
voluntary with the right to withdraw.

RESULTS

A total of 450 records were included in the analytical
dataset, comprising 150 case records and 300 control
records. Data completeness was high for the core
variables used in the main model, and 445 records
were available for complete-case multivariable
regression.

Baseline characteristics are summarized in

Table 1. Cases and controls had similar maternal age,
parity, gestational age at delivery, BMI, and maternal
hemoglobin. Mean gestational age was approximately
36.5 weeks in both groups, indicating that this hospital
sample included a substantial preterm component;
therefore, findings should not be compared directly
with term-SGA prevalence estimates. Birthweight was
lower in cases than controls (1.84 vs 2.17 kg), as
expected from the outcome definition, and was not
used as a predictor.
In bivariate analysis (Table 2), PIH/preeclampsia was
inversely associated with case status (OR 0.44, 95%
CI 0.23-0.84). Maternal anemia (OR 1.42, 95% CI
0.92-2.19) and GDM/DM (OR 0.65, 95% CI 0.30-
1.41) were not statistically significant. Continuous
variables were summarized by group but were not
assigned crude odds ratios in Table 2.

In multivariable logistic regression adjusting
for maternal age, parity, gestational age, BMI,
hemoglobin, anemia status, PIH/preeclampsia status,
and GDM/DM status (Table-3), PIH/preeclampsia
remained independently associated with lower odds of
case status (AOR 0.41, 95% CI 0.21-0.78, p=0.007).
No statistically significant adjusted associations were
observed for maternal age (AOR 1.01, p=0.699),
parity (AOR 1.02, p=0.827), gestational age (AOR
0.94, p=0.315), BMI (AOR 1.02, p=0.314),
hemoglobin (AOR 1.03, p=0.786), anemia (AOR 1.48,
p=0.212), or GDM/DM (AOR 0.65, p=0.282).

Table-1: Baseline characteristics of cases and controls (n=450). Continuous variables are presented as
mean+SD and categorical variables as n (%).

Variable Cases Controls
Maternal age, years 27.83 £5.28 27.35+£5.39
Parity 1.27+1.36 1.16 £ 1.31
Gestational age at delivery, weeks 36.51+1.40 36.62£1.70
BMLI, kg/m? 27.77+5.15 27.32+4.93
Hemoglobin, g/dL 9.99 + 1.37 10.10 +1.54
Birthweight, kg 1.84£0.21 2.17£0.25
Maternal anemia 110/150 (73.3%) 198/300 (66.0%)
PIH/preeclampsia 13/150 (8.7%) 53/300 (17.7%)
GDM/DM 9/150 (6.0%) 27/300 (9.0%)
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Table-2: Crude associations between binary maternal/clinical variables and SGA case status.

Variable Cases, n/N Controls, n/N Crude OR 95% CI p-value
Maternal anemia 110/150 198/300 1.42 0.92-2.19 0.132
PIH/preeclampsia 13/150 53/300 0.44 0.23-0.84 0.011
GDM/DM 9/150 27/300 0.65 0.30-1.41 0.357

Table-3: Multivariable logistic regression for associations with SGA case status (complete-case n=445).

Results are adjusted odds ratios (AOR) with 95% confidence intervals.

Variable AOR 95% CI lower 95% CI upper p-value
Maternal age, per year 1.01 0.97 1.05 0.699
Parity, per birth 1.02 0.86 1.21 0.827
Gestational age, per week 0.94 0.83 1.06 0.315
BMI, per kg/m? 1.02 0.98 1.06 0.314
Hemoglobin, per g/dL 1.03 0.85 1.24 0.786
Maternal anemia 1.48 0.80 2.72 0.212
PIH/preeclampsia 0.41 0.21 0.78 0.007
GDM/DM 0.65 0.29 1.43 0.282
DISCUSSION cases than controls, and the adjusted odds ratio was

This hospital-based unmatched case-control analysis
evaluated selected maternal and clinical characteristics
associated with SGA case status. Most variables,
including maternal age, parity, gestational age at
delivery, BMI, hemoglobin concentration, anemia,
and GDM/DM, were not independently associated
with case status after adjustment. Maternal anemia
showed a positive but imprecise adjusted association,
whereas PIH/preeclampsia showed an unexpected
inverse association. These findings should be
interpreted in relation to the restricted set of
harmonized variables, the tertiary-care sampling
frame, and the substantial preterm component of the
study population.

The inverse association between
PIH/preeclampsia and SGA case status contrasts with
established clinical and epidemiological evidence
linking hypertensive disorders of pregnancy with
placental dysfunction, fetal growth restriction, and
SGA birth.”»?? The present estimate should therefore
not be interpreted as evidence that PIH or
preeclampsia is protective. Several characteristics of
the available data may have contributed to this
direction of association. PIH and preeclampsia were
combined into a single record-derived indicator,
although these conditions may differ in severity,
timing, management, and fetal consequences. The
available extracts did not consistently preserve the
timing of diagnosis, treatment, or delivery in relation
to disease onset. In a tertiary-care hospital, referral
patterns, intensified surveillance, medically indicated
delivery, and differential documentation may also
influence the distribution of hypertensive disorders
among cases and controls. These explanations remain
provisional and require evaluation using source-level
clinical data with separate classification of gestational
hypertension and preeclampsia.

Maternal anemia was more common among

1.48; however, the 95% confidence interval was wide
and included the null value. The estimate is therefore
compatible with little or no association as well as a
potentially moderate increase in the odds of SGA case
status. Previous evidence suggests that the relationship
between maternal anemia and SGA may vary
according to gestational timing, anemia severity,
nutritional status, treatment, and the hemoglobin
threshold applied.>*** A recent Pakistani cross-
sectional study also reported that greater maternal
anemia severity was associated with a higher burden
of adverse fetomaternal outcomes.? The present
analysis could not distinguish early- from late-
pregnancy anemia or consistently classify mild,
moderate, and severe anemia. Treatment after anemia
detection may also have altered hemoglobin values
recorded later in pregnancy. In addition, continuous
hemoglobin concentration and binary anemia status
represent overlapping dimensions of the same
exposure; their simultaneous inclusion may have
reduced the interpretability and precision of the
corresponding coefficients. Future analyses should
prespecify whether hemoglobin will be modeled
continuously, categorized by severity, or examined
using methods that allow for possible non-linear
associations.

No  statistically  significant  adjusted
associations were observed for maternal age, parity,
BMI, gestational age at delivery, hemoglobin
concentration, or GDM/DM. These findings should
not be interpreted as proof that the variables are
unrelated to SGA. Maternal age, parity, BMI, and
gestational age showed relatively small differences
between cases and controls, which may indicate
restricted exposure variability within this hospital
population. GDM/DM was uncommon in both groups,
resulting in a wide confidence interval and limited
precision. Routine hospital records also may not
adequately capture disease duration, glycemic control,




treatment, gestational weight change, maternal
nutritional reserves, or other dimensions that could
affect fetal growth. The absence of variables such as
MUAC is particularly relevant because previous work
from Karachi has shown an association between
maternal nutritional status and SGA.° Residual
confounding by socioeconomic circumstances,
tobacco exposure, antenatal-care utilization, dietary
factors, and other maternal or infant characteristics
therefore remains possible.

The gestational-age distribution is important
when interpreting the results. Mean gestational age
was approximately 36.5 weeks in both groups,
indicating that the sample included a substantial
preterm component. The findings should consequently
not be compared directly with studies restricted to
term SGA births or with population estimates of term
SGA prevalence.> Furthermore, cases and controls
were selected from a tertiary-care hospital, where
maternal complications, referral patterns, obstetric
interventions, and neonatal risk profiles may differ
from those in primary-care or community populations.
Selecting controls from the same hospital and period
improved internal comparability, but hospital controls
may not represent the exposure distribution in the
general source population. The results are therefore
most applicable to comparable tertiary-care obstetric
populations and should not be generalized to all
pregnancies in Karachi or Pakistan.

The findings have implications primarily for
future research and data quality rather than for changes
in clinical practice. The unexpected PIH/preeclampsia
estimate indicates the need to preserve diagnostic
timing, severity, treatment, and source-variable
provenance in routinely collected obstetric datasets.
Gestational hypertension and preeclampsia should be
analyzed separately where sample size permits, and
delivery timing should be incorporated into the
analytic plan. Future studies should also include major
nutritional, socioeconomic, behavioral, and antenatal-
care variables and consider recruitment or sampling
strategies that improve representation of term and
community births. Until these improvements are
made, the inverse PIH/preeclampsia estimate should
be regarded as a signal of possible measurement,
selection, or modeling limitations rather than as
evidence against established antenatal risk
frameworks.?

The study nevertheless has several strengths.
SGA status was defined using gestational-age- and
sex-specific INTERGROWTH-21st standards,' and
cases and controls were drawn from the same
institution and study period. The 1:2 case-control ratio
increased the number of controls available for
comparison, and data completeness was high for the
core variables included in the adjusted model. Crude
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and adjusted odds ratios were reported with 95%
confidence intervals, permitting assessment of both
effect direction and precision. Birthweight was
retained only as a descriptive characteristic and was
excluded from predictor modeling because it
contributes directly to SGA classification. The
analysis also provides a transparent assessment of the
limitations that arise when routinely collected clinical
extracts are retrospectively harmonized for
epidemiological modeling.

Several limitations should be considered.
First, the study combined two preprocessed record
extracts, and complete source-field provenance,
diagnostic timing, severity, and treatment information
were not retained for all variables. Second, the
unmatched design may have left gestational-age-
related and temporal confounding despite regression
adjustment. Third, important potential confounders,
including socioeconomic position, tobacco exposure,
MUAC, detailed antenatal-care information, and some
infant characteristics, were unavailable in the final
harmonized model. Fourth, the single-center design
and substantial preterm component limit external
validity and comparability with term-SGA studies.
Fifth, complete-case analysis may introduce bias when
missingness is related to exposure, outcome, or other
measured characteristics.'*?° Finally, the
observational design and limitations of retrospectively
harmonized records preclude causal interpretation.
Despite these limitations, the study provides a cautious
assessment of associations available from the current
hospital dataset and identifies specific methodological
priorities for more definitive future research.

CONCLUSION

In this hospital-based unmatched case-control
analysis, the available harmonized variables did not
provide sufficient evidence for definitive etiologic
conclusions regarding the maternal and clinical factors
evaluated. The inverse PIH/preeclampsia association
is biologically implausible as a protective effect and
should be treated as a warning of possible
misclassification, selection, temporal confounding, or
residual confounding. Future analyses should use fully
documented source datasets, separate hypertensive
diagnoses, preserve measurement timing, control
gestational age and delivery period more rigorously,
and include major nutritional, socioeconomic, and
behavioral covariates.
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