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Abstract

Objective—Percent glycated albumin (%GAIlb) is a marker of glycemia over the past 2 to

3 weeks in nonpregnant individuals. Longitudinal changes in %GAlb extending throughout
pregnhancy and postpartum (PP) have not been described. We aimed to describe levels of %GAlb
throughout pregnancy and PP and relationships with glycemia.

Study Design—Fifty women among those in the Study of Pregnancy Regulation of INsulin
and Glucose cohort underwent 75-g oral glucose tolerance tests (OGTTs) at a mean of 13 weeks
(V1) and 26 weeks (V2) of gestation and 11 weeks’ PP. %GAIlb was measured on frozen plasma
samples.

Results—Total albumin decreased from V1 to V2 and increased PP to levels higher than at V1.
%GAIb declined between V1 and V2 (8= -0.63% 95% CI [-0.8, —0.6] p< 0.001) and remained
stable between V2 and PP (5= -0.04% [-0.3, 0.2] p=0.78). Body mass index (BMI) was
inversely related to %GAIb in pregnancy (V1: rho = -0.5, p=0.0001; V2 rho = -0.4, p=0.006),
but not PP (rho = -0.15, p= 0.31). The longitudinal changes in %GAlb persisted after adjusting
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for BMI. Neither glycemia measurements nor hemoglobin Alc were associated with %GAIlb at
any time point, and adjustments for BMI did not reveal additional associations.

Conclusion—%GAlIb decreases between early and late gestation and remains decreased PP,
despite a PP increase in total albumin above early pregnancy values. Given the lack of correlation
with OGTT values or Alc, %GAlb is unlikely to be useful in assessing glycemia in pregnant or PP
women.

Keywords

gestational diabetes; gestational glycemia; glycated albumin; pregnancy biomarkers; postpartum
diabetes; postpartum screening

Gestational diabetes mellitus (GDM) is a prevalent complication of pregnancy, affecting
more than 1 in 20 pregnancies in the United States.1~3 Universal screening for GDM using
oral glucose tolerance tests (OGTTS) is standard in prenatal care, with the goal of identifying
and treating cases to reduce the risk of GDM-associated adverse pregnancy outcomes.
Although the disease is in part related to the hormonally mediated changes in the placenta,
GDM is associated with an up to 70% risk of progression to diabetes in the decades
following delivery.*=® Given the risk of progression to DM, women typically undergo OGTT
screening at 4 to 12 weeks’ postpartum (PP) to assess for the persistence of dysglycemia.*’

As OGTT testing is cumbersome and associated with low testing adherence,>8-13 other
biomarkers for glycemia have been studied. Despite its promise, hemoglobin Alc (Alc) has
not been shown to correlate with glycemia beyond the first trimester given the alterations

of pregnancy on red cell mechanics and anemia of pregnancy.* And with respect to PP
screening, while some studies have shown it may be useful in conjunction with fasting
blood glucose, Alc has not demonstrated sufficient evidence to supplant the OGTT in the
screening of PP women following pregnancies affected by GDM.14-18 Qutside of pregnancy,
percent glycated albumin (%GAIlb) correlates well with glycemia in the preceding 2 to 3
weeks and is unaffected by red cell turnover, anemia, or iron deficiency.19-22 Offsetting
these advantages, %GAlb is inversely correlated with body mass index (BMI), which
diminishes its usefulness as a glycemic marker when BMI is changing.29-23 Prior reports of
%GAlb as a marker of glycemia during pregnancy8:20.22-29 have been limited by inclusion
of pregnancies affected by GDM only, lack of an established reference range for %GAlb in
pregnancy, or exclusion of the PP period.

We sought to characterize changes in the levels of %GAIlb throughout gestation and PP as
part of a pilot study to better examine the relationship between this biomarker and glycemia
during these critical time periods.

Materials and Methods

In this pilot study, we studied a randomly selected subset of women in the Study of
Pregnancy Regulation of INsulin and Glucose (SPRING, NCT02763267) cohort in Boston,
MA. We recruited women directly through our academic medical center and through
advertisements in the Boston area. We enrolled pregnant people in the first trimester
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and followed them longitudinally throughout pregnancy and PP. We enrolled nonpregnant
women for a cross-sectional study. Women were eligible if they had at least one risk

factor for GDM (i.e., history of GDM in a prior pregnancy without regard to BMI,
first-degree family history of DM or GDM without regard to BMI, or BMI 25 kg/m?

plus one additional risk factor).30 We excluded women if they had preexisting DM or

were using medications known to affect glucose tolerance (i.e., metformin or systemic
corticosteroids). The Mass General Brigham Institutional Review Board approved the study,
and all participants provided written informed consent.

We studied participants three times across pregnancy; at 7 to 15 weeks’ gestation (V1), in
mid-late pregnancy 24 to 30 weeks’ gestation (V2), and at 6 to 24 weeks’ PP (V3). This
analysis included a randomly selected subset of 50 women who attended all three study
visits. These women were chosen out of a total of 55 women in the SPRING study at the
time with complete data available. Baseline demographic information was obtained by a
survey, which included self-reported age, gravidity, parity, income, race, family history of
DM, and personal history of GDM. Pregnancy outcome data were also collected. Pregnant
women completed an OGTT at all three study visits. We tested nonpregnant women with a
single OGTT. Participants fasted for at least 8 hours prior to the OGTT. After the fasting
blood sample, participants consumed a 75-g standard OGTT beverage within 5 minutes with
blood then drawn at 30 minutes, 1 hour, and 2 hours after the glucose load.

We used the International Association of the Diabetes in Pregnancy Study Groups’ 2010
criteria to define GDM (fasting glucose = 92 mg/dL, 1-hour glucose = 180 mg/dL, 2-hour
glucose > 153 mg/dL)3! in the first and second trimesters of pregnancy. The 50 pregnant
participants with complete data samples and the 50 nonpregnant controls were collected
between 2016 and 2020.

We shipped frozen plasma samples from the SPRING cohort to the Advanced Research
and Diagnostics Laboratory at the University of Minnesota for analysis. We measured total
serum albumin and glycated albumin on the Roche Cobas ¢502 module using the Lucica
Glycated Albumin-L diagnostic reagents. %GAlb was calculated per the manufacturer’s
instructions.32

Statistical Analysis

We compared baseline demographics of the pregnant cohort to the nonpregnant cohort with
chi-square analyses or Student’s #test where appropriate. Given the previously described
negative correlation between %GAlb and BMI, we first performed a longitudinal analysis of
BMI to describe its behavior throughout pregnancy and PP. We then conducted longitudinal
analyses using generalized estimating equations with an unstructured correlation structure,
allowing for varying correlation between timepoints, to determinethebehavior of total serum
albumin and %GAIlb throughout gestation and PP. We accounted for the relationship of BMI
to %GAIb with further adjustments.

We then performed an analysis of %GAIb in pregnant compared with nonpregnant controls
at each time point with linear regression. Initial analyses were unadjusted, followed by
adjustments for BMI alone. We then created a fully adjusted model including age, BMI,
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marital status, parity, race/ethnicity, and family history of DM. We used these regression
models to examine the differences in total albumin between pregnant and nonpregnant
participants.

Using Spearman’s correlations coefficients and linear regression models with adjustment
for BMI and weeks’ PP (where appropriate), we explored the relationship between %GAIb
throughout the study time points to the fasting, 1-hour, 2-hour, and mean OGTT values.
Mean OGTT was calculated based on mean glucose level during the OGTT by averaging the
fasting, 1-hour, and 2-hour values. We also performed an analysis to assess the relationship
to hemoglobin Alc using Spearman’s correlations. We generated glycemia correlation
coefficients to assess the relationship between the changes in the %GAIlb between time
points (V1 to V2 and V2 to PP) and the various results from the OGTT.

The longitudinal analyses and analyses comparing pregnant and nonpregnant participants
described above were also conducted restricting to participants with and without GDM.

Statistical analyses were conducted in STATA IC version 16 (College Station, TX).

Characteristics of participants in this analysis are presented in Table 1 with comparisons

to nonpregnant controls. Pregnant participants (V= 50) were older, were less likely to be
nulliparous and to have a family history of DM, and were more likely to be married. Among
those with prior pregnancies, pregnant participants were more likely to have a history of
GDM in the past. Among the pregnant participants studied, 10 (20%) were diagnosed with
GDM in the current pregnancy and 3 (6%) were diagnosed with preeclampsia. In the PP
period, 2 (4%) were diagnosed with DM and 1 (2%) was diagnosed with prediabetes. The
average gestational age at the V1 visit was 12.9 (standard deviation [SD] = 1.6) weeks’
gestation, at V2 was 26.2 (SD = 1.4) weeks’ gestation, and at V3 was 11 (SD = 4.9) weeks’
PP. As expected, BMI was significantly higher as pregnancy progressed from V1 to V2 (8

= 2.05 kg/m? [1.65, 2.45] p < 0.001) and remained higher PP (V3) compared with the start
of pregnancy (V1 = 0.65 kg/m?2 [0.11, 1.19] p= 0.019). PP women (V3) had lower BMIs
compared with pregnant women in V2 (8= -1.4 kg/m2 [-1.97, -0.83] p < 0.001). When
compared with nonpregnant controls, pregnant women at V2 and PP women (V3) had higher
BMIs (V2 8= 2.86 kg/m? [0.96, 4.76] p= 0.003, V3 = 2.61 kg/m? [0.34, 4.89] p = 0.003).
Pregnant women at V1 had BMIs that trended higher than nonpregnant controls, although
without reaching statistical significance (8= 1.96 kg/m? [-0.31, 4.24] p= 0.09).

The mean total albumin was 3.78 g/dL (SD = 0.29) at V1, 3.27 g/dL (SD = 0.25) at V2,

and 4.35 g/dL (SD = 0.30) at V3. The mean %GAIb at V1 was 12.6% (SD = 1.1), at V2
11.9% (SD = 0.96), and PP 11.9% (SD = 0.84). Longitudinal analyses demonstrated that
total serum albumin was decreased at V2 compared with V1 (8= -0.51 g/dL [-0.59, —0.43]
p<0.001) and was increased PP compared with V1 (8= 0.56 g/dL [0.49, 0.63] p < 0.001;
Fig. 1). In contrast, percent GAlb was decreased at V2 compared with V1 and remained
lower than V1 in the PP period (V2 g=-0.63% [-0.73, -0.55] p< 0.001, V3 8= -0.67%
[-0.90, -0.45] p< 0.001). BMI and %GAIlb were negatively correlated in early pregnancy
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(V1) and mid-Ilate pregnancy (V2), but not PP (Fig. 2). The observed longitudinal changes
in %GAIb did not change after adjustment for BMI (compared with V1, V2 g=-0.57%
[-0.70, -0.43] p< 0.001, V3 B=-0.65% [-0.88, —0.42] p< 0.001).

Pregnant participants were compared with nonpregnant controls. Nonpregnant participants
had a mean total albumin of 4.38 g/dL (SD = 0.37). Unadjusted comparisons demonstrated
that total aloumin among pregnant participants at V1 and V2 were significantly lower than
nonpregnant controls (V1 8= -0.60 g/dL [-0.73, -0.47] p< 0.001, V2 g=-1.11 g/dL
[-1.23, —0.98] p< 0.001) and remained significantly lower when adjusting for BMI alone
and fully adjusting for baseline differences. PP women (V3) had total albumin levels similar
to nonpregnant controls (8= -0.03 g/dL [-0.17, 0.10] p= 0.63). Adjustments for BMI and
full adjustments did not reveal significant associations between PP women and total aloumin
levels.

The mean %GAIlb among nonpregnant participants was 12.5% (SD = 1.4). Unadjusted
comparisons demonstrated that %GAIlb was similar at V1 in pregnant women to
nonpregnant controls (8 = 0.06% [-0.44, 0.56] p = 0.81); however, % GAlb at V2 and

V3 was lower than in nonpregnant controls (V2 g=-0.56% [-1.04, —0.08] p=0.02, V3
B=-0.61% [-1.07, -0.16] p= 0.01). Adjustments for BMI did not alter the significant
difference between %GAIb in PP women at V3 and nonpregnant controls (8= —0.45% [0.9,
0.01] p=0.047), although the difference between pregnant women at V2 and nonpregnant
controls was attenuated after BMI adjustment (5= -0.22% [-0.68, 0.25] p=0.36). In

the fully adjusted model including adjustments for BMI, age, marital status, parity, race/
ethnicity, and family history of DM, there were no significant differences between the
nonpregnant controls and pregnant/PP participants noted at any time point.

We found no significant correlations between %GAIb and glycemia at the fasting, 1-hour
postload, or 2-hour postload, nor did we identify associations between %GAIb and mean
OGTT or Alc (Table 2). Adjustments for BMI revealed no additional associations with
glycemia at any OGTT time point or with Alc (Table 3). Further adjustments for weeks PP
at V3 also did not reveal significant associations.

Stratified analyses were performed to determine whether longitudinal changes in %GAIb
differed among women with pregnancies with and without GDM. Student’s #test did not
reveal significant differences in %GAlb between those with and without GDM at any of the
study time points (V1 12.7 vs. 12.5% [p=0.58], V2 12.3 vs. 11.8% [p=0.18], V3 12.2 vs.
11.8% [p=0.19]).

Unadjusted longitudinal analyses among the 10 participants with GDM showed that %GAlb
was decreased at V2 compared with V1 and remained decreased PP (V2 g=-0.45% [-0.87,
-0.04] p=0.03, V3 = -0.54% [-1.03, —0.05] p=0.030), similar to the overall cohort.
Unadjusted longitudinal analyses among the 40 participants without GDM showed similar
results (V2 8= -0.67% [-0.79, —0.54] p< 0.001, V3 B=-0.71% [-0.96, -0.45] p<

0.001). When comparing pregnant and nonpregnant participants, the fully adjusted model
comparing 10 women with GDM to nonpregnant controls revealed a higher %GAIb at V1

in pregnant women with GDM (5 = 1.56% [0.32, 2.80] p = 0.02); however, there were no
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significant differences between %GAIb of pregnant participants with GDM and nonpregnant
controls at V2 or V3 (V2 f=0.9% [-0.36, 2.15] p=0.16, V3 S=1.02% [-0.15, 2.19] p=
0.09).

Conclusion

In this pilot study, we found that %GAlb is not reflective of glycemia throughout gestation
or PP. Although %GAIb is not dependent on stable red blood cell kinetics like hemoglobin
Alc and avoids the difficulties of an OGTT, our findings do not support its use over the
OGTT in pregnancy or the PP period.

The study demonstrated that though total serum albumin progressively decreases throughout
gestation and returns to a nonpregnant state PP, %GAIlb does not behave in this manner.
Albumin turnover time is 25 days assuming normal gastrointestinal and renal function,

and its synthesis is based on colloid oncotic pressure.33 Serum albumin is thought to
decline in pregnancy not because of an increase in catabolism, but rather as a result of
hemodilution from plasma volume expansion.34:3% In the PP state, plasma volume returns
to its prepregnancy state, leading us to hypothesize that %GAlb would be similar in the PP
and nonpregnant state. Unexpectedly, we found that despite the similarities between total
serum albumin in the nonpregnant and PP states, %GAIlb remained lower PP compared with
the first trimester and to nonpregnant controls. Our findings suggest that the physiology

of albumin glycation is unique in the PP period and does not immediately return to its
nonpregnant behavior. This may explain the lack of usefulness of this biomarker in the PP
period, especially when the average weeks PP at the V3 time point was 11 weeks.

Others have examined the behavior of this biomarker during gestation to examine its role

in gestational diabetes diagnosis, monitoring, and predicting neonatal outcomes20:26.36;
however, the PP period was not included in their analyses. While some investigators have
proposed that % GAIb is useful in correlation with self-monitored postprandial glycemia
among pregnancies affected by GDM,23:37 these studies were restricted to those with

GDM compared with controls and did not control for the effect of BMI on %GAlb.
Additionally, the study by Li et al?3 assessed over 3,000 pregnancies and thus their observed
effects while statistically significant may not be clinically significant and applicable at the
individual patient level. Our study is in line with others who have demonstrated the lack

of correlation between %GAIlb and OGTT, the lack of defined parameters for measurement
during pregnancy, and the inability to utilize the biomarker for GDM diagnosis.29-26:38 Qur
analysis not only adds to the body of literature suggesting that %GAlb is not predictive of
glycemia throughout gestation, but also adds novel data regarding its lack of utility in the PP
period.

Our study reaffirmed the findings of other investigators that BMI has an inverse relationship
with %GAlb throughout gestation.2923 BMI did not decline PP to its early pregnancy state,
reflecting weight retention in the PP period. The lack of PP weight loss may be partially
responsible for the lack of return of %GAIb to nonpregnant levels, as higher BMI may have
been correlated with lower %GAIb levels, but BMI did not completely explain the findings
in adjusted models.
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The study demonstrated that %GAlb did not correlate with glycemia during early or
midpregnancy assessments or PP. However, it was notable that %GAIlb was higher among
women with GDM than nonpregnant controls in early pregnancy. Therefore, it is possible
that there is an association between glycemia and %GAlb in early pregnancy that our study
was too small to detect; the physiology of pregnancy and the PP period may have changes
that disrupt this relationship as gestation progresses. The physiology of PP women with
respect to glycemia and biomarkers denoting glycemic status and control deserve further
research attention.

Strengths of our study include its longitudinal design, the utilization of a cohort at high risk
for the development of GDM, and the inclusion of Alc measurements in the analysis. We
also note several limitations. First, OGTT glucose levels capture glycemia at a moment in
time in response to a glucose load and do not necessarily correlate with glycemia during
daily life. Second, our sample size was limited; however, if an association between %GAlb
and glycemia was not identified with 50 participants, it is unlikely to be meaningful for

an individual patient. Finally, our study population was at high risk for dysglycemia and
may not be generalizable across the entire population. However, the given the high-risk
population in this cohort, our findings may be most relevant to a population of women more
likely to undergo early pregnancy screening, to be diagnosed with GDM, and therefore to
require PP glycemic assessment.

Conclusion
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Key Points
. Changes in %GAlb extending to the postpartum period have not been
described.
. %GAIb decreases in pregnancy and remains decreased postpartum, despite a
postpartum increase in total albumin above early pregnancy values.
. Glycemia measurements nor Alc were associated with %GAlb at any time

point, therefore, %GAlb is unlikely to be useful in assessing glycemia in
pregnant or postpartum women.

Am J Perinatol. Author manuscript; available in PMC 2025 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Soffer et al.

Serum Albumin (g/dL)

35

45

4

Page 11

Serum Albumin Glycated Albumin

12.2 12.4 12.6 12.8
n L L L

% Glycated Albumin

12
L

1.8

vi v2 v Vi

Study Timepoint
Note: bars denote standard error

Fig. 1.
Longitudinal trends in total serum albumin and %glycated albumin.
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Correlations between body mass index (BMI) and %glycated albumin.
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Body mass index adjusted associations of glycemia with % glycated albumin

Table 3

Fasting glucose
1-h glucose
2-h glucose
Mean OGTT
Alc

Fasting glucose
1-h glucose
2-h glucose
Mean OGTT
Alc

Fasting glucose
1-h glucose
2-h glucose

Mean OGTT

Alc

Beta (95% CI) for %GAlb predictor

V1 glycemic outcomes

-0.25 (-2.16, 1.66)
-1.19 (-10.0, 7.65)
-0.25 (-8.11, 7.61)
-0.56 (~5.99, 4.87)
-0.02 (-0.07, 0.04)

V2 glycemic outcomes

-0.78 (-2.70, 1.13)
6.29 (-3.84, 16.42)
3.79 (~6.38, 13.98)
3.10 (-3.37, 9.58)
0.06 (<0.02, 0.14)

V3 glycemic outcomes

1.45 (-1.19, 4.09)
7.43 (-4.51,19.4)
5.54 (-4.35, 15.4)
4,81 (-2.24,11.9)
0.01 (-0.07, 0.10)

p-Value

0.79
0.79
0.95
0.84
0.59

0.41
0.22
0.46
0.34
0.14

0.27
0.22
0.27
0.18
0.72

Abbreviations: Cl, confidence interval; GAlb, glycated albumin; OGTT, oral glucose tolerance test
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