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Background: Studies on the association between anemia and postpartum hemorrhage (PPH) mostly use the hemoglobin (Hb) levels
in a single trimester, thereby failing to capture the dynamic changes of Hb levels during pregnancy. This study aims to assess the
trajectories of Hb during pregnancy and evaluate their association with PPH.

Methods: The study population consisted of 4296 women who gave birth in a tertiary hospital after 28 weeks of gestation between
January 2024 and February 2025. Group-based trajectory modelling was used to identify hemoglobin trajectories. Logistic regression
models were applied for evaluating the associations between hemoglobin trajectories and PPH.

Results: Three trajectories of maternal Hb were identified. In trajectory 1 (decline-stable, 20.41%), maternal Hb levels were higher
than those in trajectory 2 in the first trimester, and rapidly declined across pregnancy with the lowest point at 35 weeks. In trajectory 2
(decline-rise, 73.16%), maternal Hb decreased during the first and second trimesters, and slightly increased during the third trimester.
In trajectory 3 (stable-rise, 6.42%), maternal Hb remained stable in early and mid-pregnancy and increased in late pregnancy.
Compared with trajectory 2, trajectory 1 was associated with a 2.36-fold higher risk of PPH (95% CI: 1.59-3.47), while trajectory
3 showed no significant association (OR: 0.79, 95% CI: 0.27-1.81), after adjustment. The area under the receiver operating
characteristic curve was 0.74 (95% CI: 0.70-0.79). Compared with women with Hb >116 g/L at 28-32 weeks, women with Hb
<116 g/L had a 1.64-fold higher risk of PPH (95% CI: 1.08-2.52).

Conclusion: Women who are not anemic in early pregnancy but experience a rapid decline in Hb during pregnancy, especially those
with Hb <116 g/L in the early third trimester, are at high risk for PPH.

Plain Language Summary: Based on the trajectory of hemoglobin levels during pregnancy, we divided the population into three
groups. A total of 73.16% of women had a pattern where their hemoglobin (Hb) levels decreased during the first and second trimesters
and then increased during the third trimester (trajectory 2). And 20.41% of women followed a pattern where Hb decreased more
rapidly in the first and second trimester and remained lower in the third trimester (trajectory 1). Another 6.42% of women had a lower
Hb in early and mid-pregnancy and an increased Hb in late pregnancy (trajectory 3). Women in trajectory 1 were 2.36 times more
likely to experience postpartum hemorrhage than those in trajectory 2. Even if a woman is not anemic early in pregnancy, a rapid drop

in hemoglobin later, especially Hb below 116 g/L in the early third trimester, may be a warning sign that deserves closer attention.
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Introduction

Postpartum hemorrhage (PPH) is a life-threatening obstetric complication. Although many countries have been improv-
ing maternal health care in recent years, the incidence of PPH remains relatively high."* And PPH has become the
leading cause of maternal deaths. Globally, up to 26.7% of maternal deaths can be attributed to obstetric hemorrhage and
14.8% can be attributed to PPH.” In China, obstetric hemorrhage accounted for 17.8% of maternal deaths in 2023.°
Therefore, preventing PPH is critically important. The current challenge lies in the difficulty of predicting and identifying
PPH, as existing risk assessment tools are often complex, costly, or require highly skilled personnel.’

Anemia is a well-established risk factor for PPH. Women with prepartum anemia have a 1.69- to 3.66-fold higher risk
for PPH* ' and a 1.45- to15.65-fold higher risk for severe PPH.'"'> Hemoglobin (Hb) is the primary indicator of
anemia. According to the WHO guideline, anemia was defined as Hb<110 g/L during the first or third trimester, and
Hb<105 g/L during the second trimester.'*> While the Hb cutoff used in published literature varies, leading to the
inconsistent findings that anemia defined with a lower cutoff is often associated with a higher risk of PPH.'* In addition
to anemia, high maternal Hb is also associated with adverse health outcomes, although data on the association between
high Hb and PPH are still insufficient.'> Given the inconsistency in Hb cutoffs for PPH risk assessment, exploring the
direct use of hemoglobin as a predictive biomarker is necessary.

Hemoglobin concentration constantly changes during pregnancy. During pregnancy, Hb concentrations decrease due to
physiological hemodilution.'® Therefore, the timing of maternal Hb measurement is crucial, and identifying dynamic changes
in Hb is beneficial for assessing potential health risks. However, current evidence is limited to the trimester-specific association
between Hb and PPH, with most studies focusing on the pre-delivery Hb.'*!"'® The longitudinal trajectory of hemoglobin
data measured serially during routine prenatal checkups has yet to be explored. Therefore, the present study evaluates the

trajectories of Hb during pregnancy and their associations with PPH, to facilitate earlier identification of high-risk group.
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Methods

Study Population and Data Collection

This retrospective cohort study included 5975 pregnant women who gave birth in a tertiary hospital in Shaanxi, China
after 28 weeks of gestation between January 2024 and February 2025. Among them, 4296 pregnant women underwent
more than 3 hemoglobin tests at this hospital from 12 weeks before pregnancy to the period before delivery and were
included in the final analyses.

Basic characteristics including age, height, weight, obstetric history and delivery-related information were col-
lected according to the outpatient medical records and inpatient medical records. Body mass index (BMI) was
calculated by dividing the weight by the square of the height. Macrosomia was identified as a birthweight exceeding
4000 grams.

Hemoglobin Tests
Hemoglobin tests were conducted using hematology analyzer (Sysmex XN-9100) by professional laboratory technicians.
The results of hemoglobin were extracted through the hospital information system.

Postpartum Hemorrhage

Postpartum hemorrhage was diagnosed as the amount of blood loss >500 mL in vaginal delivery or >1000 mL in
cesarean delivery within 24 hours after the delivery. The amount of blood loss was assessed jointly by one doctor and two
midwives. In the present study, postpartum hemorrhage meeting this definition was identified using the International
Classification of Diseases 10th Revision (ICD-10) code (O72) from the inpatient medical record.

Statistical Analyses

Group-based trajectory modelling (GBTM) was used to identify potential hemoglobin trajectories in pregnant women
according to the “lemm” package in R.' GBTM divides pregnant women into different classes based on their
hemoglobin change patterns, to reveal the different trajectories of change. Individuals assigned to the same class share
the same trajectory. GBTM is being increasingly applied in the field of medicine.”®*! In this study, one to seven latent
classes were fitted in the models; linear functions, quadratic functions and cubic functions were all taken into
consideration. The optimal model was selected according to Bayesian information criterion (BIC), Akaike information
criterion (AIC), average posterior probability (AvePP) and percentage of each class. Lower AIC and BIC values, the
percentage of each class >5% and AvePP >0.7 indicate that the model is acceptable.

Analysis of variance and chi-square tests were applied to compare the basic characteristics among different
trajectories. Association between hemoglobin trajectories and PPH was evaluated using logistic regression model,
with adjustment for age, pre-delivery BMI, gestational age, primiparity, gravidity, caesarean section, history of
caesarean section, and placenta previa. Receiver operating characteristic curve (ROC) was fitted to evaluate the
final model. Furthermore, we applied logistic regression to evaluate the association between various hemoglobin
cutoffs at the trajectory’s inflection point and PPH among women who had Hb measurements at the inflection point
(N=3562). Sensitivity analysis was conducted among participants without hepatic diseases and metabolic diseases
including hypertension, diabetes mellitus and thyroid diseases to avoid their effects on PPH. All analyses were
performed using R software (version 4.3.1, R Core Team) and a two-sided P <0.05 was considered statistically
significant.

Results

Basic Characteristics

Basic characteristics were shown in Table 1. The average age of the 4296 pregnant women was 31.04 years. The average
pre-pregnancy BMI and pre-delivery BMI was 22.15 kg/cm? and 26.84 kg/cm?, respectively. The average gestational age
was 38.67 weeks. A total of 52.42% of the pregnant women were having their first pregnancy and 68.11% were
primiparas. More than half (54.12%) of the participants delivered by caesarean section. And 12.78% of the pregnant
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Table | Baseline Characteristics Comparison Among the Three Hemoglobin Trajectories

All Trajectory | Trajectory 2 Trajectory 3 P
N 4296 877 3143 276
Age, years 31.04+3.55 30.89+3.70 31.03£3.49 31.59+3.68 0.016
Height, cm 161.40+£4.98 161.35£5.01 161.42+4.99 161.29+4.75 0.862
Pre-pregnancy BMI, kg/cm? 22.15+3.29 22.54+3.48 22.13+3.27 21.27+2.73 <0.001
Pre-delivery BMI, kg/cm? 26.84+3.66 27.34+3.65 26.78+3.66 26.04+3.54 <0.001
Gestational age, weeks 38.67x1.46 38.67+1.53 38.68+1.45 38.56x1.37 0.457
Gravidity, n (%) 0.033
| 2252 (52.42) 434 (49.49) 1685 (53.61) 133 (48.19)
>| 2044 (47.58) 443 (50.51) 1458 (46.39) 143 (51.81)
Parity, n (%) <0.001
| 2926 (68.11) 541 (61.69) 2208 (70.25) 177 (64.13)
>| 1370 (31.89) 336 (38.31) 935 (29.75) 99 (35.87)
Delivery mode, n (%) 0.780
Vaginal delivery 1971 (45.88) 403 (45.95) 1447 (46.04) 121 (43.84)
Caesarean delivery 2325 (54.12) 474 (54.05) 1696 (53.96) 155 (56.16)
Macrosomia, n (%) 0.266
No 4126 (96.04) 3027 (96.31) 834 (95.10) 265 (96.01)
Yes 170 (3.96) 116 (3.69) 43 (4.90) Il (3.99)
Placenta previa, n (%) 0.245
No 4209 (97.97) 853 (97.26) 3085 (98.15) 271 (98.19)
Yes 87 (2.03) 24 (2.74) 58 (1.85) 5(1.81)
History of caesarean section, n (%) 0.004
No 3747 (87.22) 744 (84.83) 2773 (88.23) 230 (83.33)
Yes 549 (12.78) 133 (15.17) 370 (11.77) 46 (16.67)
Multiple pregnancy, n (%) 0.088
No 4257 (99.09) 873 (99.54) 3113 (99.05) 271 (98.19)
Yes 39 (0.91) 4 (0.46) 30 (0.95) 5(1.81)
Assisted reproduction, n (%) 0.442
No 4215 (98.11) 865 (98.63) 3080 (98.00) 270 (97.83)
Yes 8l (1.89) 12 (1.37) 63 (2.00) 6 (2.17)
Hypertensive disorders in pregnancy, n (%) 0.934
No 3826 (89.06) 778 (88.71) 2802 (89.15) 246 (89.13)
Yes 470 (10.94) 99 (11.29) 341 (10.85) 30 (10.87)
Postpartum hemorrhage, n (%) <0.001
No 4169 (97.04) 830 (94.64) 3068 (97.61) 271 (98.19)
Yes 127 (2.96) 47 (5.36) 75 (2.39) 5(1.81)
Hemoglobin, g/L 119.48+12.23 113.36+14.01 121.19+£10.74 119.57+£14.92 <0.001
Pre-pregnancy 128.29+14.24 135.00+5.57 135.06+8.20 119.66+15.72
Trimester | (1-13) 127.22+11.04 132.04+10.48 127.39£9.51 112.83£13.13
Trimester 2 (14-27) 115.95£10.79 117.68+11.65 116.24+10.00 110.76+12.90
Trimester 3 (228) 118.58+12.02 108.06+10.86 121.03+10.43 125.38+13.39

women had a history of caesarean section. The proportions of assisted reproduction, multiple pregnancy, hypertensive
disorders in pregnancy (HDP) were 1.89%, 0.91% and 10.94%, respectively. A total of 127 (2.96%) of the participants
experienced PPH. The average hemoglobin concentration during the pregnancy was 119.48 g/L.

Hemoglobin Trajectories

According to the AIC, BIC, AvePP and the percentage of each class, the 3-class model with cubic function was chosen as
the optimal model (Figure 1). Three trajectories were identified. In trajectory 1 (decline-stable, N= 877, 20.41%), Hb
levels were higher than those in trajectory 2 in the first trimester, and declined across pregnancy with no significant
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Figure | Hemoglobin trajectories over the gestational age (weeks).

increase before delivery. In trajectory 2 (decline-rise, N=3143, 73.16%), maternal Hb decreased during the first
and second trimesters (1-27 weeks), and increased during the third trimester (>28 weeks). In trajectory 3 (stable-rise,
N=276, 6.42%), Hb levels were stable and lower than those in trajectory 2 in early and mid-pregnancy and increased in
late pregnancy. The AvePPs were 0.81, 0.82, 0.81 for trajectory 1, 2, 3, respectively, implying this model is acceptable.

The mean predicted values of Hb trajectories were shown in Table S1. The lowest points of trajectory 1 and trajectory
2 were 109.53 g/L at 35 weeks and 116.21 g/L at 27 weeks, respectively. Between 28 and 35 weeks, Hb values in
trajectory 1 continued to decline while Hb values in trajectory 2 had already started to rise.

The differences of basic characteristics among 3 trajectories were shown in Table 1. Pregnant women in trajectory 1
were younger, had higher pre-pregnancy BMI, higher pre-delivery BMI and less primiparas (P<0.05). The mean
hemoglobin of trajectory 1 was the highest in the first trimester (1-13 weeks) and the second trimester 2 (14-27 weeks),
and the lowest in the third trimester (>28 weeks) among three trajectories. The proportion of PPH of participants in

trajectory 1 was higher than that in trajectory 2 or 3 (P<0.05).

Hemoglobin Trajectories and Postpartum Hemorrhage

The association between hemoglobin trajectories and PPH was presented in Table 2. Compared with trajectory 2,
trajectory 1 had a 2.36-fold higher risk (95% confident interval (CI): 1.59-3.47) for PPH, after adjusting for age, pre-
delivery BMI, gestational age, primiparity, gravidity, caesarean section, history of caesarean section, and placenta previa.
The association between trajectory 3 and PPH was not statistically significant with an OR of 0.79 (95% CI: 0.27-1.81).
The area under the ROC curve (AUC) was 0.74 (95% CI: 0.70-0.79, Figure 2).

Table 2 Association Between Hemoglobin Trajectories and Postpartum
Hemorrhage

N Crude Model Adjusted Model®

OR P OR P

Trajectory | | 877 | 2.32 (1.59-3.35) | <0.001 | 2.36 (1.59-3.47) | <0.001
Trajectory 2 | 3143 | |
Trajectory 3 | 276 0.75 (0.26-1.7) 0.546 0.79 (0.27-1.81) 0.619

Notes: *Adjusted for age, pre-delivery BMI, gestational age, primiparity, gravidity, caesarean section,
history of caesarean section, and placenta previa. Bold text: P<0.05.
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Figure 2 ROC curve.
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Abbreviation: ROC, receiver operating characteristic curve; AUC, area under the ROC curve.

Table 3 showed the subgroup analyses of association between the hemoglobin trajectories and PPH. Among
participants with vaginal delivery, trajectory 1 had a 2.90-fold increased risk for PPH (95% CI: 1.75-4.76), compared
with trajectory 2. While the association was not statistically significant among participants with caesarean delivery (P for
interaction =0.024). Interaction effects of age, pre-pregnancy BMI, gravidity, parity, gestational age, history of caesarean

20

section and HDP with hemoglobin trajectories on PPH were not significant in the present study.

Given the divergent trends between trajectory 1 and trajectory 2 from 28 to 35 weeks, coupled with the timing of Hb
tests in clinical practice (routine hemoglobin test at 28-32 weeks), we evaluated the association between various

Table 3 Subgroup Analyses

N Trajectory 2 Trajectory | Trajectory 3 P for Interaction®
Age, years 0.220
>30 2261 | (ref) 2.06 (1.24-3.38) | 0.42 (0.07-1.38)
<30 2035 | (ref) 2.82 (1.48-5.33) | 1.85 (0.43-5.62)
Pre-pregnancy BMI, kg/cm? 0.378
<24 3241 | (ref) 2.65 (1.68-4.13) | 0.73 (0.22-1.84)
>24 1055 | (ref) 1.84 (0.78-4.15) 1.33 (0.07-6.96)
Gravidity 0.799
| 2252 | (ref) 2.30 (1.27-4.05) | 1.06 (0.25-3.06)
>| 2044 | (ref) 2.46 (1.43-4.16) | 0.58 (0.09-1.97)
(Continued)
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Table 3 (Continued).

N Trajectory 2 Trajectory | Trajectory 3 P for Interaction®
Parity 0.674
| 2926 I (ref) 2.60 (1.59-4.17) | 0.75 (0.18-2.1)
>| 1370 I (ref) 1.93 (0.99-3.7) 0.85 (0.13-3.03)
Gestational age, weeks 0.085
<39 3129 I (ref) 2.81 (1.76-4.44) | 0.68 (0.16-1.91)
>39 167 I (ref) 1.56 (0.7-3.26) 1.31 (0.214.64)
Delivery mode 0.024
Vaginal delivery 1971 I (ref) 2.90 (1.75-4.76) | 1.61 (0.54-3.82)
Caesarean delivery 2325 I (ref) 1.68 (0.86-3.15) -
History of caesarean section 0.291
No 3747 I (ref) 2.52 (1.65-3.81) | 0.98 (0.34-2.26)
Yes 549 I (ref) 1.55 (0.49-4.65) -
Hypertensive disorders in pregnancy 0.260
No 3826 | (ref) 2.19 (1.42-3.34) | 091 (0.31-2.1)
Yes 470 I (ref) 3.50 (1.25-9.79) | -

Notes: *Adjusted for age, pre-delivery BMI, gestational age, primiparity, gravidity, caesarean section, history of caesarean section, and placenta previa,
excepted for the group variable. Bold text: P<0.05.

Table 4 Sensitivity Analysis Among Participants Without Hepatic Diseases,
Hypertension, Diabetes Mellitus and Thyroid Disease

N Crude Model Adjusted Model®

OR P OR P

Trajectory | | 339 | 2.86 (1.66-4.84) | <0.001 | 3.02 (1.70-5.28) | <0.001
Trajectory 2 | 1254 | |
Trajectory 3 | 114 0.64 (0.10-2.14) 0.544 0.69 (0.11-2.35) 0.614

Notes: *Adjusted for age, pre-delivery BMI, gestational age, primiparity, gravidity, caesarean section,
history of caesarean section, and placenta previa. Bold text: P<0.05.

hemoglobin cutoffs at 28-32 weeks and PPH (Table S2). Odds ratios for PPH were statistically significant when Hb
cutoffs were below 116 g/L, with adjustment for age, pre-delivery BMI, gestational age, primiparity, gravidity, caesarean
section, history of caesarean section, and placenta previa. Compared with women with Hb >116 g/L at 28-32 weeks,
women with Hb <116 g/L had a 1.64-fold higher risk of PPH (95% CI: 1.08-2.52).

Sensitivity Analysis

After excluding participants with hepatic diseases, hypertension, diabetes mellitus and thyroid disease, the results were
robust and consistent with the main findings (Table 4). Compared with trajectory 2, trajectory 1 had a 3.02-fold higher
risk (95% CI: 1.70-5.28), and trajectory 3 had a 0.69-fold higher risk of PPH (95% CI: 0.11-2.35), after adjustment for
age, pre-delivery BMI, gestational age, primiparity, gravidity, caesarean section, history of caesarean section, and
placenta previa.

Discussion

The present study identified three trajectories of maternal Hb concentration during pregnancy, and demonstrated that the
Hb trajectory 1 (decline-stable) had a higher risk of PPH. Women who experience a rapid drop in hemoglobin during
pregnancy, without a significant increase in late pregnancy, are at increased risk of PPH and should receive more
attention. This study suggests that it is necessary to strengthen maternal health care and increase the frequency of Hb
measurements during pregnancy, especially between 28 and 35 weeks.
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In the current study, 73.16% of women were classified into trajectory 2, with Hb decreasing during the first
and second trimesters, and increasing during the third trimester. The trend of trajectory 2 is consistent with previous
studies on hematological changes in pregnancy.”” In early pregnancy, the renin-angiotensin-aldosterone system is
substantially activated with expansion in plasma volume starting at 6 to 8 weeks and rising progressively until the
beginning of the third trimester.'®***** Maternal Hb levels decrease because of the expansion in plasma volume being
greater than the growth in red blood cell mass.>> During the third trimester, hemoglobin levels rise slightly from the
lowest point in the second trimester, as red blood cell mass continues to grow while plasma volume expansion
stabilizes.*®

A total of 20.41% of the participants were classified into trajectory 1 and had a higher risk of PPH compared with
those in trajectory 2, indicating that a higher drop of Hb during pregnancy, with no significant rise in late pregnancy,
might be related to a higher risk of PPH. Published literature reported the association between the Hb drop during
pregnancy and neonatal outcomes, such as small for gestational age, low birthweight, etc.”’ 2’ However, the evidence for
maternal outcomes is limited. Furthermore, most published literature only focuses on the trimester-specific Hb level. The
protective effect of pre-delivery hemoglobin on PPH has been confirmed.'*'*** However, the association between
hemoglobin during the first or second trimester and PPH is inconsistent. A cohort study of 4082 births in Switzerland
found that high Hb value in the second trimester increased PPH.!” A meta-analysis found that low maternal Hb (<110 g/
L) during the second trimester could increase the risk of PPH (OR: 1.43, 1.01-2.03). The difference may be accounted
for the timing of Hb measurement, because Hb levels are dynamic during pregnancy. Therefore, tracking these changes is
important to better identify women at increased risk of PPH.

Only 6.42% of women were classified into trajectory 3 with a lower Hb in early pregnancy and an increased Hb in
late pregnancy. No significant association was observed between trajectory 3 and PPH, which might be related to
interventions in the low Hb concentration. For women diagnosed with anemia or iron deficiency, prompt treatment will
be taken such as iron supplementation.*'** Iron supplementation can effectively improve Hb levels.*® This might explain
the increase of Hb in late pregnancy in trajectory 3.

Interestingly, the hemoglobin value continued to decline in trajectory 1 while the hemoglobin level in trajectory 2 had
already started to rise at 28-35 weeks. Neither the women in trajectory 1 (111.80 g/L) nor that in trajectory 2 (116.26 g/
L) met the criteria for anemia diagnosis at 28 weeks (<110 g/L, WHO guideline'?). However, a Hb level below 116 g/L
and a downward trend observed after 28 weeks showed a higher risk of PPH. In clinical practice, more attention and
more active intervention should be provided for this group of women, even in the absence of an anemia diagnosis.

The subgroup analysis showed a strong association between Hb trajectory and PPH in vaginal deliveries, but no
association in cesarean deliveries. Uterine atony is the most important cause of postpartum hemorrhage. Effective uterine
contraction is an active and energy-consuming process that requires adequate oxygen. Moderate to severe anemia or low
Hb level can lead to tissue hypoxia, thereby weakening the strength and endurance of uterine muscle fiber contractions.
In cesarean delivery, as the uterine incision has been sutured and the major bleeding vessels can be managed under direct
visualization, surgical measures largely compensate for the potential deficiency in uterine contractility caused by anemia
or low Hb.**

There are several advantages in the present study. Firstly, to our best knowledge, this study is the first to evaluate the
dynamic trajectories of maternal hemoglobin levels and their impact on PPH. The classification of Hb trajectories is
beneficial for identifying women at high risk of PPH. A major advantage of this method is its low cost, as it utilizes
existing prenatal data, eliminating the need for additional tests. Secondly, the application of group-based trajectory
modelling identifies subgroups with the same Hb change patterns, revealing the differences in Hb trajectories among
different pregnant groups and their clinical significance. Also, several limitations should be further improved. Firstly, this
study is a single-center study. Although the present study was conducted in a provincial general hospital (Critical
Maternal Care Center) where some women were from other regions, the extrapolation of the results still should be
cautious. Secondly, some variables such as iron supplementation during pregnancy were not obtained in this study, so we
cannot explore the underlying causes of different trajectories, which may be addressed in further studies.
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Conclusions

In conclusion, the present study identified three trajectories of maternal hemoglobin. The hemoglobin levels of most
maternal women decreased during the first and second trimesters and slightly increased during the third trimester. Women
who are not anemic in early pregnancy but experience a rapid decline in Hb during pregnancy, especially women with Hb
<116 g/L in the early third trimester, are at high risk of PPH and should receive more attention. Integrating the analysis of

Hb trajectory into antenatal care provides a low-cost strategy for early risk stratification and proactive management
of PPH.
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