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Objective:  The National Institute for Occupational 
Safety and Health (NIOSH) Revised Lifting Equation 
(RNLE) was adapted to derive recommended weight limits 
(RWLs) for pregnant workers and to develop correspond-
ing guidelines for clinicians.

Background: In the past three decades there has 
been a large increase in the number of women employed 
outside the home and remaining in the workforce during 
pregnancy. Practical authoritative guidelines based on accu-
mulated evidence are needed to inform allowable work 
activity levels for healthy pregnant workers.

Method: Empirically based lifting criteria established by 
NIOSH to reduce the risk of overexertion injuries in the gen-
eral U.S. working population were evaluated for application 
to pregnant workers. Our evaluation included an extensive 
review of the literature linking occupational lifting to maternal 
and fetal health. Decision logic and supporting literature are 
presented, along with computational details.

Results: Provisional RWLs for pregnant workers were 
derived from the RNLE, along with guidelines for clini-
cians. The guidelines advise against pregnant workers lifting 
below midshin and overhead.

Conclusion: Based on our review of the available evi-
dence, we present lifting thresholds that most pregnant 
workers with uncomplicated pregnancies should be able 
to perform without increased risk of adverse maternal and 
fetal health consequences. Except for restrictions involving 
lifting from the floor and overhead, the provisional guide-
lines presented are compatible with NIOSH lifting recom-
mendations adopted in the early 1990s for the general 
working population.

Application: Implementation of these provisional guide-
lines could protect millions of female workers in the work-
place from fetal and maternal lifting-related health problems.

Keywords: manual lifting, occupational hazard, pregnancy, 
recommendations

Background
Repetitive manual lifting of objects and 

materials is a major concern in numerous work 
sectors that employ large numbers of reproduc-
tive age women, including health care, retail, 
manufacturing, and the armed services. His-
torically, occupational low-back pain (LBP) 
is one of the leading health complaints for 
workers engaged in manual lifting, and LBP 
is responsible for numerous lost workdays and 
high costs to industry (Marras, 2008). There 
is a special concern, however, about potential 
maternal and fetal health effects associated 
with excessive manual lifting for women dur-
ing pregnancy. In 1993, the National Institute 
for Occupational Safety and Health (NIOSH) 
published the Revised NIOSH Lifting Equa-
tion (RNLE), an assessment tool for estimating 
recommended weight limits (RWLs) for two-
handed manual lifting (Waters, Putz-Anderson, 
& Garg, 1994; Waters, Putz-Anderson, Garg, 
& Fine, 1993). The a task-specific RWL that 
accounts for six specific variables considered 
important in determining how much weight 
is safe to manually lift for nearly all workers. 
Task conditions that affect the magnitude of  
the maximum RWL for manual lifting include 
the horizontal distance of the load from the 
spine, the vertical height of the hands from 
the floor, the frequency and duration of lifting 
exposure, the asymmetric nature of a lift, and 
the quality of object coupling. The RNLE, an 
assessment tool designed to reduce risk of over-
exertion injuries in the general U.S. working 
population, has been widely adopted interna-
tionally as a basis for recommending maximum 
weight limits for the past two decades (Colom-
bini, Occhipinti, Alvarez-Casado, & Waters, 
2012). This paper describes application of the 
RNLE in deriving maximum RWLs for healthy 
workers with uncomplicated pregnancies and in 
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the development of provisional clinical guide-
lines. We describe how to apply these guidelines 
in a clinical setting in a companion paper by 
MacDonald et al. (2013).

Existing WEight Limits for 
occupationaL Lifting during 

prEgnancy
For the past 29 years, clinical management of 

pregnant workers for physical job activities has 
relied on the American Medical Association’s 
(AMA) Council on Scientific Affairs published 
guidance on the effects of pregnancy on work 
performance (AMA, 1984). Evidence suggests 
that these guidelines continue to inform physi-
cian practice and workplace policy (Pompeii, 
Evenson, & Delclos, 2011; U.S. Navy and 
Marine Corps Public Health Center, 2010). The 
AMA guidelines define permissible weight lim-
its “that healthy employees with normal uncom-
plicated pregnancies should be able to perform . . . 
without undue difficulty or risk to the pregnancy.” 
These weight limits are shown in Table 1 and are 
summarized as follows:

 • Lifting more than 23 kg (51 lbs) is permitted 
repetitively for the first half of pregnancy (up to 
Week 20) and intermittently through Week 30.

 • Between Weeks 20 and 24, repetitive lifting up to 
23 kg (51 lbs) is permitted. A weight limit of 11 kg 
(24 lbs) is specified after Week 24.

 • After Week 30, intermittent lifting up to 11 kg  
(24 lbs) is permitted.

The AMA guidelines do not account for a 
number of task conditions currently considered 
important in determining RWLs for manual lift-
ing. These task conditions include the horizontal 
reach distance, vertical height of the lift, asym-
metry (rotation of the spine), duration of lifting, 
and the nature of the hand-to-object coupling. 
Comparison of the maximum weight limits in the 
AMA guideline to those derived from the RNLE 
for ideal lifting conditions (i.e., short duration lifts 
close to and in front of the body at about waist 
height) indicates that the AMA recommended 
values are substantially higher than those derived 
from the NIOSH RNLE. The difference in RWL 
is more pronounced when considering the  

nonideal lifting conditions that exist in many 
workplaces and the increased horizontal reach 
distance imposed by increased abdominal girth in 
the later stages of pregnancy. In response to con-
cern that pregnant workers may not be sufficiently 
protected from risk of overexertion injuries and 
other health hazards, we conducted an extensive 
literature review and propose recommended clini-
cal guidelines derived from the RNLE, taking into 
account anatomic changes in pregnancy that have 
a direct impact on horizontal reach distances and 
empirical evidence linking occupational lifting to 
maternal and fetal health.

BiomEchanicaL considErations 
for manuaL Lifting during 

prEgnancy
From a biomechanical perspective, some of 

the more important changes that occur during 
pregnancy include (a) changes in anthropo-
metric characteristics (increase in overall mass 
of the body and in particular the upper body, 
changes in the location of the center of mass, 
increased abdominal girth, and changes in spi-
nal curvature during pregnancy), (b) increased 
joint laxity and potential spinal instability, and 
(c) changes in balance control. 

A pregnancy-related musculoskeletal risk 
model by Paul, van Dijk, and Frings-Dresen 
(1994) calls attention to increased load on the 
musculoskeletal system due to increased abdom-
inal mass and change in the center of mass. Inde-
pendent of external loading conditions, as the 
weight of the upper body increases, the magni-
tude of compression and shear force created at 
the spinal joints during a forward bending 
motion also increases, thereby increasing risk of 
damage to the spinal discs. Also, as a pregnancy 
progresses, the location of the center of mass 
(COM) of the upper body moves upward and 
away from the L5/S1 joint (Whitcome, Shapiro, 
& Lieberman, 2007). This change in COM 
results in an increase in the length of the moment 
arm through which the mass of the upper body 
acts during forward flexion, such as when lifting 
from below midthigh. This increased moment 
arm coupled with increased mass of the upper 
body in the later stages of pregnancy would fur-
ther increase spinal loading. These loading  
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Manual lifting During Pregnancy 205

considerations are especially important when 
lifting loads from below the waist, when the 
entire weight of the upper body must be lifted in 
addition to the weight of the external load.

Another important consideration for spinal 
loading involves the location of the external load 
in front of the body. The minimum horizontal 
distance for the hands in front of the spine during 
manual lifting is 25 cm (10 in.), as defined by the 
RNLE (Waters et al., 1993; Waters et al., 1994). 
This distance assumes that lifts can be performed 
freely in front of the body without interference 
from the abdomen. Anthropometric data from 
pregnant U.S. women showed that increases in 
abdominal depth range on average from 4.2 cm 
(1.7 in.) at 20 weeks to 12.0 cm (4.7 in.) at 37 to  
38 weeks (Perkins & Blackwell, 1998). Corre-
spondingly, as abdominal girth increases during 
pregnancy, the minimum horizontal distance of 
the hands from the spine increases from 25 cm 
(10 in.), the RNLE-defined minimum, to 30 cm 
(12 in.) at 20 weeks gestation, and 38 cm (15 in.) 
at 37 to 38 weeks of gestation, proportionally 
increasing spinal loading.

Curvature of the lower spine is a critical fac-
tor in stabilizing whole body posture by posi-
tioning the upper body’s COM over the hips, 
and evidence suggests that curvature of the spine 
varies with pregnancy as part of a complex set of 
adaptive responses (Whitcome et al., 2007). 
Gross postural adaption is evident in several 
prospective study findings involving standing 
tasks in advanced pregnancy, compared with 
early pregnancy and nonpregnant controls (Paul 
& Frings-Dresen, 1991, 1994; Poole, 1998); and 

advanced pregnancy is associated with increased 
anteroposterior postural sway (Oliveira, Vieira, 
Macedo, Simpson, & Nadal, 2009). These 
increased demands for maintenance of postural 
control likely increases risk of muscular fatigue, 
and may account for why pregnant women 
report difficulty performing work overhead, 
bending forward, and picking up objects from 
the floor (Cheng et al., 2006; Nicholls & Grieve, 
1992). Difficulty in maintaining postural stabil-
ity in later stages of pregnancy is attributed to 
increased risk of slips and falls, increasing risk 
of acute injury (Dunning, LeMasters, & Bhat-
tacharya, 2010; Fries & Hellebrandt, 1943).

In addition, pregnancy is known to induce 
ligamentous laxity, a condition involving increased 
mobility of the joints to aid delivery (Calguneri, 
Bird, & Wright, 1982; Schauberger et al., 1996). 
A model by Paul et al. hypothesizes that preg-
nancy-related musculoskeletal problems arise, 
at least in part, from reduced load-bearing capac-
ity associated with laxity (Paul et al., 1994). 
Laxity presents early in pregnancy and persists 
beyond 6 weeks postpartum (Schauberger et al., 
1996). The associated reduction in ligament 
rigidity is believed to weaken joint stability, 
which would place greater demand on stabiliz-
ing muscles (Granata & Marras, 2000). Many 
researchers have identified laxity as a contribut-
ing factor in pregnancy-related pelvic girdle 
pain (Damen et al., 2001; Larsen et al., 2013; 
Mens, Pool-Goudzwaard, & Stam, 2009), LBP 
(Colliton, 1999), and knee pain (Blecher & 
Richmond, 1998; Charlton, Coslett-Charlton, & 
Ciccotti, 2001; Dumas & Reid, 1997; Marnach 

TAbLE 1: American Medical Association (AMA) Weight Limits for Occupational Lifting During 
Pregnancy

Intermittent Liftinga Repetitivea

Week of Gestation Metric U.S. Customary Metric U.S. Customary

20 >23 kg >51 lbs
24 11–23 kg 24–51 lbs
30 >23 kg >51 lbs  
40 <14 kg <31 lbs <11 kg <24 lbs

Source. AMA (1984).
aThe terms intermittent and repetitive were not defined in the AMA guidance. Also, the AMA guidelines do not 
differentiate weight limits with regard to duration of exposure.
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et al., 2003; Schauberger et al., 1996; van Lunen, 
Roberts, Branch, & Dowling, 2003).

niosh rWL
The RNLE is an ergonomic job analy-

sis method for systematically evaluating the 
physical demands of manual handling tasks 
and computing an RWL (Waters et al., 1993; 
Waters et al., 1994). The RWL is the weight 
of the load that nearly all healthy workers 
could perform over a substantial period of 
time (e.g., up to 8 hr) without an increased 
risk of developing lifting-related LBP. By 
“healthy workers,” NIOSH means workers 
who are free of adverse health conditions 
that would increase their risk of musculo-
skeletal injury. According to the authors of 
the RNLE, the RWL provides weight limits 
acceptable to 90% of healthy females (Waters  
et al., 1993, p. 761, Table 5).

The RNLE starts with a recommended weight 
(or load constant) that is considered safe for an 
“ideal” lift and then reduces that weight as task 
conditions become less favorable. The RWL is 
computed from a multiplicative model (see the 
following equation) that provides a weighting 
(multiplier) for each of six measured task vari-
ables. The measured task variables include the  
(a) horizontal distance of the load from the worker 
(H); (b) vertical height of the lift (V); (c) vertical 
displacement during the lift (D); (d) angle of 
asymmetry, in degrees (A); (e) frequency (F) and 
duration of lifting; and (f) quality of the hand-to-
object coupling (C). These task measurements 
serve as inputs for deriving “multipliers” that are 
coefficients or weighting factors having a maxi-
mum value of 1, which reduce the maximum  
recommended load weight (51 lbs) when task 
conditions deviate from ideal. Multipliers can be 
computed using prescribed algorithms or deter-
mined from look-up tables in the RNLE Applica-
tions Manual (Waters et al., 1994), which is acces-
sible from the NIOSH website at http://www.cdc 
.gov/niosh/docs/94-110/. The RNLE RWL equa-
tion is defined as follows:

RWL  LC x HM x VM x DM x AM x FM x CM=

Where:

provisionaL rnLE-BasEd rWLs for 
manuaL Lifting during prEgnancy

Motivated by the need for practical, evidence-
based weight limits to aid clinical decision  
making for manual lifting during pregnancy,  
the RNLE was applied to define provisional 
RWLs for a range of lifting requirements, supple-
mented by considerations of scientific evidence 
linking occupational lifting and maternal and 
fetal health. To help ensure that the provisional 
guidelines would be practical and feasible to be 
implemented in a clinical setting, the follow-
ing simplifying assumptions were made: Task 
parameters assumed to be “ideal” were the travel 
distance of the load, symmetry of the load, and 
good hand coupling of the object. Correspond-
ingly, the proposed clinical guidelines assume 
that the vertical travel distance of the object 
being lifted is small, the lift can be performed 
without significant twisting of the spine (i.e., 
no more than 15° asymmetry), and the object 
being lifted has handles or handhold cutouts of 
optimal design. The multipliers for distance (D), 
asymmetry (A), and coupling (C) were accord-
ingly assigned a value of 1. All remaining RNLE 
task parameters were considered in a multistep 
process that entailed defining the work space 

Metric
U.S.  

Customary

LC = Load 
Constant =

23 kg 51 lb

HM = Horizontal 
Multiplier =

(25/H) (10/H)

VM = Vertical 
Multiplier =

1-(.003|V-75|) 1-(.0075 
|V-30|)

DM = Distance 
Multiplier =

.82 + (4.5/D) .82 + (1.8/D)

AM = Asymmetric 
Multiplier =

1-(.0032A) 1-(.0032A)

FM = Frequency 
Multiplier =

From FM  
tablea

From FM 
tablea

CM = Coupling 
Multiplier =

From CM 
tablea

From CM 
tablea

aThe FM and CM tables are listed as Tables 5 and 7, 
respectively, in the NIOSH Applications Manual for the 
Revised NIOSH Lifting Equation (Waters et al., 1994).
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Manual lifting During Pregnancy 207

or “lifting zones,” defining task frequency and 
duration patterns, and then applying anatomical 
and other evidence-based considerations associ-
ated with lifting while pregnant.

Nine “lifting zones” were defined to signify 
the workspace in front of the body where lifting 
tasks are to be performed. The lifting zones were 
specified by dividing the horizontal (H) distance 
in front of the body into three nearly equal cate-
gories (12 < H ≤ 15 in.; 15 < H ≤ 20 in.; and  
20 < H ≤ 25 in.) and vertical height into three 
categories according to anatomical reference 
points (shoulder, knuckle, and tibia). The mini-
mum horizontal value was 10 in. for body clear-
ance. Using the maximum horizontal distance 
for each of the three forward reach categories 
(i.e., 15, 20, and 25 in.), horizontal multipliers 
(HMs) were computed in accordance with the 
standard algorithm for the computation of HMs 
shown earlier; the resulting HM coefficient val-
ues are shown in Table 2. Vertical height values 
for shoulder, knuckle, and tibia locations were 
derived from reports of average U.S. female 
anthropometry and defined to be 132 cm (52 in.), 
71 cm (28 in.), and 43 cm (17 in.), respectively 
(Chengalur, Rodgers, & Bernard, 2004); these 
vertical heights were used to compute the cor-
responding vertical multiplier (VM) according 
to the standard algorithm (Table 3).

To help ensure that the provisional clinical 
guidelines are applicable across a wide range of 
jobs, we defined the following three frequency 
and duration patterns: infrequent lifting, repeti-
tive short duration lifting, and repetitive long 
duration lifting. The infrequent lifting pattern 
was defined as occurring less than 0.2 lifts per 
minute, which is equivalent to one lift every  
5 min. The repetitive short duration lifting pattern 
was defined as a lifting frequency greater than 1 
every 5 min but less than 3 per minute and hav-
ing a continuous duration less than 1 hr. The 
repetitive long duration lifting pattern was 
defined as a lifting frequency greater than 1 
every 5 min but less than 3 per minute and a 

continuous duration greater than 1 hr but not 
more than 8 hr. Short duration lifting can encom-
pass multiple hours of lifting per day; however, 
each continuous lifting period should be less 
than 1 hr and be followed by a minimum of 1 hr 
of nonlifting activity before the next continuous 
lifting period is initiated. If short duration lifting 
activities are not followed by at least 1 hr of non-
lifting activity, or if lifting occurs an hour or 
more per day, repetitive long duration lifting 
should be selected. The frequency multipliers 
that correspond to these patterns were derived 
from look-up tables in the RNLE Applications 
Manual (Waters et al., 1994) and are reported in 
Table 4.

The RWL for the provisional clinical guide-
lines was then computed as the load constant  
(51 lbs) multiplied by the HM, VM, and FM coef-
ficients (Table 5). These RWL values reflect the 
maximum recommended weight for the associated 
task conditions. For each frequency-duration  
pattern, lifting in the area defined as “close” to the 
body and “waist” height yields the highest RWL, 
whereas an “extended” lift above shoulder height 
yields the lowest RWL. Task conditions assumed 
to be “ideal” (i.e., vertical displacement distance, 
asymmetric angle, and quality of hand-to-object 
coupling) would have multiplier values of 1, thus 
having no influence on the RWL values. In a 
workplace setting, where task parameters can be 
directly measured, we propose applying the full 
RNLE and computing RWLs to ensure that all 
task variables are fully considered. Of importance, 

TAbLE 2: Horizontal Multiplier (HM) Values for Three Horizontal Reach Distances

Horizontal Reach Close, 12–15 Inches Medium, 15–20 Inches Extended, 20–25 Inches

HM value 0.7 0.5 0.4

TAbLE 3: Vertical Multiplier (VM) Values for Three 
Vertical Height Categories

Anatomical  
Landmarks

Vertical Height 
(inches) VM

Shoulder 52 0.83
Knuckle 28 1.00
Tibia 17 0.90
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because abdominal extension in the second half of 
pregnancy increases the horizontal load distance, 
RWLs derived in the first half of pregnancy likely 
would not be sufficiently protective. For this rea-
son, we propose reanalysis of pregnant workers’ 
lifting tasks at least once in the second half of 
pregnancy.

prEgnancy considErations
After computing RWLs for the “lifting zone” 

and frequency and duration task parameters 
described earlier, we applied anatomical and 
other evidence-based considerations associated 
with lifting while pregnant. The task parameter 
most directly influenced during the second half 
of pregnancy is the minimum horizontal lift-
ing distance. Anthropometric data on pregnant 
civilian and uniformed service women collected 
for the U.S. Air Force were used to estimate 
the minimum horizontal distance by gesta-
tion period (Figure 1; Perkins & Blackwell, 
1998). At 20 weeks gestation, abdominal depth 
increases approximately 5 cm or about 2 in.; as 
pregnancy advanced to near full term (37–38 
weeks), abdominal depth increases almost 14 
cm or 5.5 in. Accordingly, objects lifted in the 
later stages of pregnancy will be located farther 
from the spine, resulting in a larger horizontal 
moment arm, thereby increasing spinal loading. 
Since increased abdominal depth in the second 
half of pregnancy effectively prevents lifting 

within the “close” or most proximal lifting zone 
defined earlier, RWLs applied in the second half 
of pregnancy are based on the “medium” and 
“extended” reach zones only.

Other evidence-based considerations associ-
ated with lifting while pregnant include maternal 
and fetal health concerns associated with lifting 
that occurs at the postural extremes, such as lift-
ing from the floor or lifting overhead. Accord-
ingly, our clinical guidelines propose no lifting/
lowering from the floor with hands below mid-
shin or lifting/lowering with the hands overhead. 
Mechanical compression, altered venous tone, 
and poor venous return from the lower extremi-
ties may be exacerbated by constrained postural 
demands (e.g., prolonged standing, stooping), 
inducing conditions of fetal hypoxia (Spinillo  

Figure 1. Abdominal depth (cm) in the horizontal 
plane as a function of gestation period.
Source. Perkins and Blackwell (1998).

TAbLE 5: Provisional Recommended Weight Limit (RWL) Values (pounds) for the Clinical Guidelines

Infrequent Lifting Repetitive Short Duration Repetitive Long Duration

Vertical Zone Closea Medium Extended Closea Medium Extended Closea Medium Extended

Shoulder 30 21 17 25 18 14 15 10  9
Waist 36 26 20 30 22 17 18 13 10
Knee 32 23 18 27 20 16 16 11  9

aRWL values in the “close” lifting zone are not applicable at 20 weeks gestation or more.

TAbLE 4: Frequency Multiplier (FM) Values for Three Frequency-Duration Patterns

Infrequent Repetitive Short Duration Repetitive Long Duration

Frequency value 1.0 0.85 0.50
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et al., 1996; Sternfeld, 1997) and LBP (Noon & 
Hoch, 2012). Frequent or prolonged torso flex-
ion is a significant risk factor for back injury 
(Punnett, Fine, Keyserling, Herrin, & Chaffin, 
1991; Vandergrift, Gold, Hanlon, & Punnett, 
2012), causing the American Conference of 
Governmental Industrial Hygienists (ACGIH) 
to set a Lifting Threshold Limit Value of zero for 
most lifting from the floor (ACGIH, 2012). Sur-
vey results show that a significant majority of 
pregnant women report difficulty performing 
work overhead, bending forward, and picking 
up objects from the floor in the later stages of 
pregnancy (Cheng et al., 2009; Nicholls & 
Grieve, 1992). In addition, Bonzini et al. (2009) 
and Florack, Zielhuis, Pellegrino, and Rolland 
(1993) each reported nearly a threefold increased 
risk of preterm labor and spontaneous abortion, 
respectively, for women whose job required 
bending at the waist more than 1 hr per day. We 

further propose no overhead lifting due to 
increased risk of postural instability shown to 
occur in conjunction with changes in the COM 
with increased gestation (Dunning et al., 2010; 
Fries & Hellebrandt, 1943) and increased antero-
posterior postural sway (Oliveira et al., 2009).

A graphically based version of the provi-
sional clinical guidelines that incorporates the 
tabulated RWL results with the aforementioned 
pregnancy considerations is shown in Figure 2. 
The three frequency-duration lifting patterns 
comprise Graphics A (infrequent lifting), B 
(repetitive short duration lifting), and C (repeti-
tive long duration lifting). For each of the three 
graphics, provisional RWLs from Table 5 for the 
close, medium, and extended reach lift are 
shown for the image associated with the first 
half of pregnancy (less than 20 weeks gestation). 
In the second half of pregnancy, the “close” lift-
ing zone is essentially obstructed, leaving RWLs 

Figure 2. Recommended weight limits in early and late pregnancy for three lift frequency patterns.
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for the “medium” and extended reach lift zones. 
Provisional RWL values of zero, indicating a 
lifting restriction, are shown for lifting/lowering 
below midshin. Although not shown, RWL val-
ues of zero also apply to lifting overhead. Details 
on how to apply these guidelines in a clinical 
setting are available in a companion paper (Mac-
Donald et al., 2013).

rnLE task condition rEstrictions
Lifting task condition restrictions of the 

original RNLE would apply to these provisional 
clinical guidelines. The restrictions, summa-
rized in Table 6, are work conditions in which 
application of the RNLE could underestimate 
the magnitude of physical stress associated with 
a particular lift (e.g., one-handed lifting, lifting 
more than 8 hr per day, lifting unstable loads). 
This list is supplemented by additional lifting 
condition restrictions associated with application 
of the clinical guidelines, shown in parentheses 
in the table. These include lifting/lowering below 
midshin and lifting overhead, very high fre-
quency lifting (i.e., occurring more than 3 times 
per minute), lift travel distance greater than  
10 in., spinal rotation of 15° or more, and poor 
hand coupling.

When lifting frequency exceeds 3 lifts per 
minute or when the simplifying assumptions 
applied in generating the RWLs for the clinical 
guidelines are violated, we recommend that a 
job analysis be performed to ensure that RWLs 
applied at the worksite reflect a complete con-
sideration of all risk elements of a lifting task. 
When higher risk task conditions are present, we 
suggest that medical providers use clinical judg-
ment to decide the best course of action for their 
patient. These actions typically range from work 
restrictions that prohibit lifting for the duration 
of pregnancy, choosing the lift condition in  
Figure 2 that most closely approximates the lift-
ing conditions of the patient and reducing the 
RWL by an amount judged to mitigate the 
increased risk, or recommending to the patient’s 
employer that a formal job analysis be con-
ducted by an occupational health professional to 
determine maximum weight limits based on 
actual lifting conditions.

discussion
Empirically based lifting criteria established 

by NIOSH to reduce the risk of overexertion 
injuries in the general U.S. working popula-
tion were evaluated for application to pregnant 

TAbLE 6: Work Conditions Not Covered by the NIOSH RNLE (and the Provisional Clinical Guidelines)

•  Lifting/lowering with one hand 
•  Lifting/lowering for over 8 hr
•  Lifting/lowering while seated or kneeling
•  Lifting/lowering in a restricted workspace
•  Lifting/lowering unstable objects
•  Lifting/lowering while carrying, pushing, or pulling
•  Lifting/lowering with wheelbarrows or shovels
•  Lifting/lowering with “high speed” motion (faster than about 30 in./s)
•   Lifting/lowering with unreasonable foot/floor coupling (<0.4 coefficient of friction between the sole 

and the floor)
•    Lifting/lowering in an unfavorable environment (temperature significantly outside the 66–79°F 

[19–26°C] range; relative humidity outside the 35%–50% range)
•  (Highly repetitive lifting more than 3 times per minute)
•  (Lifting/lowering from the floor with hands below midshin)
•  (Lifting overhead)
•  (Lifting more than 3 times per minute)
•  (Travel distance of the object being lifted greater than 10 in. [25 cm])
•  (Spinal rotation or asymmetry of 15° or more)
•  (Poor hand coupling of the object)
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workers. Our evaluation included an extensive 
review of the literature linking occupational 
lifting to maternal and fetal health (MacDonald 
et al., 2013). Decision logic and supporting 
literature were presented, along with resulting 
evidence-based provisional clinical guidelines. 
The RWLs within the provisional guidelines 
are considerably lower and therefore more 
protective than AMA guidelines published  
29 years ago. Based on our review of the avail-
able evidence, the provisional clinical guide-
lines present lifting thresholds that most preg-
nant workers with uncomplicated pregnancies 
should be able to perform without increased 
risk of adverse maternal and fetal health conse-
quences. Except for restrictions involving lifting 
from the floor and overhead, the guidelines are 
compatible with NIOSH lifting recommenda-
tions adopted in the early 1990s for the general 
U.S. workforce.

The proposed guidelines address a need for 
practical evidence-based criteria to aid decision 
making and clinical management of patients 
with uncomplicated pregnancies and may help 
ensure that pregnant workers are properly 
advised and afforded ample protections in accor-
dance with accumulated scientific evidence. 
This need is underscored in the United States 
where federal regulations for occupational lift-
ing are lacking and limited opportunities for 
paid antenatal leave are available (Laughlin, 
2011; White, 2006). The guidelines should be 
useful to clinicians in advising their patients 
about weight threshold restrictions for occupa-
tional lifting tasks; they are also expected to be 
useful to ergonomic practitioners in the evalua-
tion and redesign of lifting tasks. We anticipate 
that the adoption of these provisional guidelines 
by obstetric and occupational health medical 
providers would narrow the variability shown to 
exist in decisions about employment restrictions 
related to lifting among pregnant workers (Fra-
zier, Ho, & Molgaard, 2001; Pompeii et al., 
2011).

We applied simplifying assumptions to 
increase the practical application of the guide-
lines in a clinical setting (e.g., assuming short 
vertical travel distances, no rotation of the spine, 
and optimal coupling). Limitations of the origi-
nal RNLE (e.g., one-handed lifting, lifting more 

than 8 hr per day) apply to the provisional clini-
cal guidelines as well. These limitations not-
withstanding, the guidelines account for hori-
zontal and vertical lifting distances and lifting 
frequency and duration—task conditions that 
are among the most important determinants of 
overexertion injury associated with lifting 
(Waters et al., 1993). Increased abdominal depth 
in the later stages of pregnancy prevents lifting 
in the most biomechanically advantageous pos-
ture—thus RWLs in the “close” lifting zone are 
excluded after 20 weeks gestation. Other preg-
nancy-specific considerations warranted adop-
tion of the ACGIH Threshold Limit Value of 
zero for lifting from the floor (ACGIH, 2012) to 
avoid risks to maternal (Nicholls & Grieve, 
1992; Punnett et al., 1991; Vandergrift et al., 
2012) and fetal health (Bonzini et al., 2009; Flo-
rack et al., 1993). The guidelines also restrict 
overhead lifting due to increased risk of acute 
trauma associated with postural instability (Dun-
ning et al., 2010; Fries & Hellebrandt, 1943; 
Oliveira et al., 2009).

When lifting frequency exceeds 3 lifts per 
minute or when simplifying assumptions are 
violated, we recommend that a job analysis be 
performed to help ensure that RWLs applied at 
the worksite reflect a complete consideration of 
all risk elements of a lifting task. When higher 
risk task conditions exist (e.g., high frequency 
lifting) or when there are extenuating medical 
conditions, we suggest that obstetric providers 
use clinical judgment to decide the appropriate 
course of action for their patient as it relates to 
task restrictions. Some women may have medi-
cal conditions that make it unsafe to manually 
lift objects of any weight during pregnancy; 
these medical conditions may be specific to 
pregnancy (such as preeclampsia or cervical 
incompetence) or unrelated, such as a prior his-
tory of back injury. It is beyond our capability to 
identify those individuals, and it remains for the 
clinical medical practitioner to either restrict lift-
ing or determine a lifting weight threshold for 
individuals with underlying medical conditions.

It is important to acknowledge limitations of 
the epidemiologic evidence that we reviewed in 
conjunction with the development of the provi-
sional clinical guidelines. These limitations 
often include inadequate sample size, significant 
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potential for selection bias, inadequate attention 
to exposure contrast, and poor specification and 
measurement of exposure (Bonzini, Coggon, & 
Palmer, 2007; Royal College of Physicians, 
2009). Moreover, significant selection biases in 
epidemiologic studies of heavy lifting have been 
reported for investigations involving nonpregnant 
workers (Waters et al., 1999), and such biases are 
likely to be more pronounced among pregnant 
workers because antenatal leave is more common 
among those employed in heavy physical work 
(Saurel-Cubizolles & Kaminski, 1987).

In our effort to combine knowledge of the 
physical and physiological effects of pregnancy 
with empirical data on the association between 
occupational lifting and maternal–fetal health, 
we identified some notable research gaps. No 
empirical data exist to our knowledge on the 
effects of pregnancy-induced ligament laxity on 
muscular cocontraction and joint loading or to 
the potential effects on intraabdominal pressure. 
Due to the paucity of data on these topics, we 
did not directly account for the effect of laxity, 
intraabdominal pressure, or increased abdomi-
nal mass in the RWL computations; we expect, 
however, that design criteria of the original 
RNLE, which protects 90% of the female popu-
lation from overexertion injury, combined with 
empirically based guidance to restrict lifting 
from the floor and overhead by pregnant work-
ers, would attenuate potential increased risks 
due to these factors. As new scientific data 
become available on these and other topics rel-
evant to lifting during pregnancy, the RWLs in 
the clinical guidelines should be evaluated and 
revised accordingly.

We present the first provisional clinical guide-
lines to address occupational lifting during preg-
nancy in the United States in nearly three 
decades—during which there was a large increase 
in the number of women employed outside the 
home and remaining in the workforce during 
pregnancy (Laughlin, 2011). The resulting RWLs 
are considerably lower, and therefore more pro-
tective, than AMA guidelines published 29 years 
ago and still used to inform physician practice 
and workplace policy (Pompeii et al., 2011; U.S. 
Navy and Marine Corps Public Health Center, 
2010). Further research is needed to inform 
appropriate RWLs for highly repetitive lifting 

during pregnancy and for lifting during the post-
partum period. Although testing these guidelines 
is beyond the scope of this paper, we encourage 
clinical researchers and professional organiza-
tions such as the American College of Obstetri-
cians and Gynecologists and the American Col-
lege of Occupational and Environmental Medi-
cine to evaluate the application of these guidelines, 
to participate in and encourage more research on 
physical job demands and maternal–fetal health, 
and to suggest revisions to these guidelines as 
new research findings become available. We look 
forward to their input.
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kEy points
 • The NIOSH Revised Lifting Equation was adapted 

for application to pregnant workers.
 • Provisional recommended weight limits are pre-

sented, specifying weight threshold that most 
pregnant workers with uncomplicated pregnancies 
should be able to perform without increased risk 
of adverse maternal and fetal health consequences.

 • Guidelines specifying the weight limits and asso-
ciated task conditions should be useful to ergo-
nomic practitioners in the evaluation and redesign 
of lifting tasks, as well as to clinicians advising 
patients’ about physical activity restrictions asso-
ciated with lifting at work.
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